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                                               ABSTRACT 

 
 

The purpose of this project is to save the power used in places like libraries, staircases, 

parking, gardens etc. where lots of power is wasted unnecessarily by keeping the fans and 

lights ON even when there is no one present, and also at places where security is 

paramount and an alarm needs to be generated when someone is passing by. Thus, using 

the same machine, it can be used to save the power and also as a security alarm. 

 

 

If the switch is at position 1, the camera views the allotted area and generates an alarm 

indicating that someone entered and a message is sent to the nearby station. And, when 

the switch is at position 2, the lamp and fan may be ON or OFF. Thus, this article 

discusses the concept of how RFID technology works to save the energy and to generate 

security alarm. 
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CHAPTER – 1   

 
INTRODUCTION 

 

As technology becomes more stylish and unobtrusive, with increasingly compact phones 

and computers offering an expanding number of features, other industries have followed 

suit. The desire to accomplish more with less has extended into security systems, where 

devices such as motion light sensors provide high levels of security while taking up little 

space and using less energy than older security systems. The technology itself, however, 

isn’t anything new the detection of infrared energy, the primary mechanism in a light 

sensor, has been used in numerous other applications prior to its application in security 

devices and in-home lighting systems. 

  

 

The development of any country depends to a large extent on availability and usage of 

electricity. Conservation of electricity has now become a vital element of economic 

growth giving benefit to state’s exchequer and this conservation is more essential due to 

the concern for fast depletion of non-renewable sources of energy in the country. Also, in 

some area there must be a check on who is passing through. In order for that a security 

system is required which indicates if someone entered by CCD Camera. It is suitable for 

apartment, villa, office building, etc. 
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                                           CHAPTER – 2 

 

 
CIRCUIT DIAGRAM: 

 

 
 

 

 

 

 

 

 

 

 

 

 

                  Fig: 2.1 Circuit diagram 
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CHAPTER – 3 

 
COMPONENTS AND DESCRIPTION 

 

3.1 Components : 

1. RFID MODULE. 

2. GSM MODULE. 

3. ARDUINO – UNO. 

4. TRANSISTOR.   {BC547} 

5. MAGNETIC SENSOR. 

6. LCD {16*2 display}. 

7. DIODE.   {IN4007} 

8. RELAY.  {COIL:28V,LOAD=10A} 

9. BUZZER, LED. 

 

3.2 DESCRIPTION: 

Radio-Frequency Identification (RFID) is technology that uses radio waves to 

transfer data from an electronic tag, called RFID tag or label. The RFID is attached to an 

object, through a reader for the purpose of identifying and tracking the object. 

RFID is an acronym for “radio-frequency identification” and refers to a 

technology whereby digital data encoded in RFID tags or smart labels are captured by a 

reader via radio waves. RFID is similar to barcoding in that data from a tag or label are 

captured by a device that stores the data in a database. RFID, however, has several 

advantages over systems that use barcode asset tracking software. The most notable is 

that RFID tag data can be read outside the line-of-sight, whereas barcodes must be 

aligned with an optical scanner.  

RFID belongs to a group of technologies referred to as Automatic Identification 

and Data Capture (AIDC). AIDC methods automatically identify objects, collect data 

about them, and enter those data directly into computer systems with little or no human 

intervention. RFID methods utilize radio waves to accomplish this. At a simple level,  
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RFID systems consist of three components: an RFID tag or smart label, an RFID reader, 

and an antenna. RFID tags contain an integrated circuit and an antenna, which are used to  

transmit data to the RFID reader (also called an interrogator). The reader then converts 

the radio waves to a more usable form of data. Information collected from the tags is then 

transferred through a communications interface to a host computer system, where the data 

can be stored in a database and analyzed at a later time. 

In this major project, the operation of the experimental kit changes according to 

the position of the switch. Let us suppose that the kit is placed at the desired location. The 

basic operation of kit would be that when a person enters, he will access the room by 

means of access card, it will operate according the switch. Depending upon the switch 

position the operation will change.   

• When switch is at position 1, it acts as a security surveillance system and it turns the 

alarm ON. When the alarm is generated, a message is sent to the nearby station indicating 

that someone just entered. When the person leaves, the PIR sensor will activate the alarm 

again.  

 • When switch is at position 2, it acts as a power saving device and the lamp and fan 

turns ON. When the person leaves the place, the PIR sensor will activate again and the 

lamp and fan turns OFF                                              

    

3.2.1 RFID MODULE: 

 Radio frequency Identification (RFID) is a wireless identification technology that 

uses radio waves to identify the presence of RFID tags.Just like Bar code reader, RFID 

technology is used for identification of people, object etc. presence.In barcode 

technology, we need to optically scan the barcode by keeping it in front of reader, 

whereas in RFID technology we just need to bring RFID tags in range of readers. Also, 

barcodes can get damaged or unreadable, which is not in the case for most of the RFID. 

RFID is used in many applications like attendance system in which every person 

will have their separate RFID tag which will help identify person and their 

attendance.RFID is used in many companies to provide access to their authorized 

employees.  
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1. RFID Tag: 

 

RFID tag consists of an integrated circuit and an antenna. The tag is also 

composed of a protective material that holds the pieces together and shields them from 

various environmental conditions. The protective material depends on the application. For 

example, employee ID badges containing RFID tags are typically made from durable 

plastic, and the tag is embedded between the layers of plastic. RFID tags come in a 

variety of shapes and sizes and are either passive or active. Passive tags are the most 

widely used, as they are smaller and less expensive to implement. Passive tags must be 

“powered up” by the RFID reader before they can transmit data. Unlike passive tags, 

active RFID tags have an onboard power supply (e.g., a battery), thereby enabling them to 

transmit data at all times. RFID tag includes microchip with radio antenna mounted on 

substrate which carries 12B. It’s operating frequency is 125KHz. 

 
 

 

  

 

 

 

                                                              
 

 

 

 

 

 

 

       

                  Fig: 3.1:  RFID Tag. 
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2.RFID Reader: 

 It is used to read unique ID from RFID tags. Whenever RFID tags comes in range, 

RFID reader reads its unique ID and transmits it serially to the microcontroller or PC. 

RFID reader has transceiver and an antenna mounted on it. It is mostly fixed in stationary 

position. 

                        

 

 

RFID Reader has transceiver which generates a radio signal and transmits it through 

antenna. This signal itself is in the form of energy which is used to activate and power the 

tag. 

 

When RFID tag comes in range of signal transmitted by the reader, transponder in the tag 

is hit by this signal. A tag draws power from the electromagnetic field created by reader. 

Then, the transponder converts that radio signal into the usable power. After getting 

power, transponder sends all the information it has stored in it, such as unique ID to the 

RFID reader in the form of RF signal. Then, RFID reader puts this unique ID data in the 

form of byte on serial Tx (transmit) pin. This data can be used or accessed by PC or 

microcontroller serially using UART communication. 

 

 

 

                  Fig: 3.2:  RFID Reader. 
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RFID reader EM-18 features: 

 

1.      Serial RS232/TTL output 

 

2.      Operating Frequency is 125KHz. 

 

3.      Range is 5-8 cm. 

 

There are two modes of coupling for communication used in RFID as, 

 

Inductive coupling, in which RFID reader emits magnetic field and whenever RFID tags 

enters the magnetic field which creates energy response from RFID tags and is detected 

by RFID reader. As the magnetic field drops sharply with distance, it is used for short 

distance applications. 

 

Capacitive coupling, where reader emits electromagnetic waves and whenever that waves 

encounters RFID tags, RFID tag reflects signal containing information of ID. 

 

       

Table 3.1:  RFID types. 
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RFID Applications: 

• Inventory management 

• Asset tracking 

• Personnel tracking 

• Controlling access to restricted areas 

• ID Badging 

• Supply chain management 

• Counterfeit prevention (e.g. in the pharmaceutical industry)  

Although RFID technology has been in use since World War II, the demand for 

RFID equipment is increasing rapidly, in part due to mandates issued by the 

U.S.Department of Defense (DOD) and Wal-Mart requiring their suppliers to enable 

products to be traceable by RFID.  

Whether or not RFID compliance is required, applications that currently use 

barcode technology are good candidates for upgrading to a system that uses RFID or 

some combination of the two. RFID offers many advantages over the barcode, 

particularly the fact that an RFID tag can hold much more data about an item than a 

barcode can. In addition, RFID tags are not susceptible to the damages that may be 

incurred by barcode labels, like ripping and smearing.  

 

The list below just a few of the myriad uses of RFID technology: 

• Product Tracking – RFID tags are increasingly used as a cost-effective way to 

track inventory and as a substitute for barcodes.  For instance, bookstores such as 

Barnes & Noble use RFID to identify books to be removed from shelves and 

returned to publishing houses. 

 

• Toll Road Payments – Highway toll payment systems, such as E-Z Pass in the 

eastern states, uses RFID technology to electronically collect tolls from passing 

cars.  Instead of stopping at the toll booth, cars pass directly through in the E-Z 

Pass lane and the toll is automatically deducted from a pre-paid card. 
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• Passports – A number of countries, including Japan, the United States, Norway, 

and Spain incorporate RFID tags into passports to store information (such as a 

photograph) about the passport holder and to track visitors entering and exiting the 

country. 

 

• Identification – RFID chips can be implanted into animals and people to track 

their movements, provide access to secure locations, or help find lost pets. 

 

• Libraries – Libraries use RFID tags in books and other materials to track 

circulation and inventory, store product information (such as titles and authors), 

and to provide security from theft.  Because RFID tags can be scanned without 

physically touching the item, checking books in and out, plus doing laborious 

tasks such as shelf inventory, can be accomplished quickly and efficiently using 

RFID technology. 

 

• Shipping – Large shipments of materials, such as retail goods, often utilize RFID 

tags to identify location, contents, and movement of goods.  Wal-mart is one of 

the largest consumers of this technology to assist in tracking shipments of 

merchandise. 

 

• Other uses – RFID tags are employed in numerous other ways, including 

implantation in Saguaro cacti to discourage black-market traders, placement in car 

tires to transmit road condition information to the onboard computer, and 

placement around cities (such as Tokyo) to transmit tourist information to visitor 

cell phones. 
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3.2.2 GSM MODULE: 

 A GSM module  is a chip or circuit that will be used to establish communication 

between a mobile device or a computing machine and a GSM  system.  The 

modem (modulator-demodulator) is a critical part here. 

These modules consist of a GSM module or GPRS modem powered by a power 

supply circuit and communication interfaces (like RS-232, USB 2.0, and others) for 

computer. A GSM modem can be a dedicated modem device with a serial, USB 

or Bluetooth connection, or it can be a mobile phone that provides GSM modem 

capabilities. 

 

 
 

 

 
GSM is a mobile communication modem; it is stands for global system for mobile 

communication (GSM). The idea of GSM was developed at Bell Laboratories in 1970.  It 

is widely used mobile communication system in the world. GSM is an open and digital 

cellular technology used for transmitting mobile voice and data services operates at the 

850MHz, 900MHz, 1800MHz and 1900MHz frequency bands. 

 

 

Figure 3.3: GSM Module. 
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GSM system was developed as a digital system using time division multiple access 

(TDMA) technique for communication purpose. A GSM digitizes and reduces the data, 

then sends it down through a channel with two different streams of client data, each in its 

own particular time slot. The digital system has an ability to carry 64 kbps to 120 Mbps of 

data rates. 

A GSM module or GPRS modules are similar to modems, but there’s one difference: A 

GSM/GPRS Modem is an external equipment, whereas the GSM/GPRS module is a 

module that can be integrated within an equipment. It is an embedded piece of hardware. 

A GSM mobile, on the other hand, is a complete system in itself with embedded 

processors that are dedicated to provide an interface between the user and the mobile 

network. 

Wireless modems generate, transmit or decode data from a cellular network, in order 

to establish communication. 

A GSM/GPRS modem is a class of wireless modem, designed for communication over 

the GSM and GPRS network. It requires a SIM (Subscriber Identity Module) card just 

like mobile phones to activate communication with the network. Also, they have IMEI 

(International Mobile Equipment Identity) number similar to mobile phones for their 

identification. 

It’s functions include: 

• Read, write and delete SMS messages. 

• Send SMS messages. 

• Monitor the signal strength. 

• Monitor the charging status and charge level of the battery. 

• Read, write and search phone book entries. 
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3.2.3. ARDUINO – UNO: 

Arduino is an open-source electronics platform based on easy-to-use hardware 

and software. Arduino boards are able to read inputs - light on a sensor, a finger on a 

button, or a Twitter message - and turn it into an output - activating a motor, turning on an 

LED, publishing something online. You can tell your board what to do by sending a set of 

instructions to the microcontroller on the board. To do so you use the Arduino 

programming language (based on Wiring), and the Arduino Software (IDE), based 

on Processing. 

Over the years Arduino has been the brain of thousands of projects, from everyday 

objects to complex scientific instruments. A worldwide community of makers - students, 

hobbyists, artists, programmers, and professionals - has gathered around this open-source 

platform, their contributions have added up to an incredible amount of accessible 

knowledge that can be of great help to novices and experts alike. 

Arduino was born at the Ivrea Interaction Design Institute as an easy tool for fast 

prototyping, aimed at students without a background in electronics and programming. As 

soon as it reached a wider community, the Arduino board started changing to adapt to 

new needs and challenges, differentiating its offer from simple 8-bit boards to products 

for IoT applications, wearable, 3D printing, and embedded environments. All Arduino 

boards are completely open-source, empowering users to build them independently and 

eventually adapt them to their particular needs. The software, too, is open-source, and it is 

growing through the contributions of users worldwide. 

Arduino is an open-source hardware and software company, project and user 

community that designs and manufactures single-board microcontrollers and 

microcontroller kits for building digital devices. Its products are licensed under the GNU 

Lesser General Public License (LGPL) or the GNU General Public License (GPL),[1] 

permitting the manufacture of Arduino boards and software distribution by anyone. 

Arduino boards are available commercially in preassembled form or as do-it-yourself 

(DIY) kits.  
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Arduino has been used in thousands of different projects and applications. The 

Arduino software is easy-to-use for beginners, yet flexible enough for advanced users. It 

runs on Mac, Windows, and Linux. Teachers and students use it to build low cost 

scientific instruments, to prove chemistry and physics principles, or to get started with 

programming and robotics. Designers and architects build interactive prototypes, 

musicians and artists use it for installations and to experiment with new musical 

instruments. Makers, of course, use it to build many of the projects exhibited at the Maker 

Faire, for example. Arduino is a key tool to learn new things. Anyone - children,  

 

Figure 3.4:  ARDUINO-UNO. 
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hobbyists, artists, programmers - can start tinkering just following the step by step 

instructions of a kit, or sharing ideas online with other members of the Arduino 

community. 

There are many other microcontrollers and microcontroller platforms available for 

physical computing. Parallax Basic Stamp, Netmedia's BX-24, Phidgets, MIT's 

Handyboard, and many others offer similar functionality. All of these tools take the 

messy details of microcontroller programming and wrap it up in an easy-to-use package. 

Arduino also simplifies the process of working with microcontrollers, but it offers some 

advantage for teachers, students, and interested amateurs over other systems: 

• Inexpensive : Arduino boards are relatively inexpensive compared to other 

microcontroller platforms. The least expensive version of the Arduino module can 

be assembled by hand, and even the pre-assembled Arduino modules cost less 

than $50. 

• Cross-platform : The Arduino Software (IDE) runs on Windows, Macintosh 

OSX, and Linux operating systems. Most microcontroller systems are limited to 

Windows. 

• Simple, clear programming environment : The Arduino Software (IDE) is 

easy-to-use for beginners, yet flexible enough for advanced users to take 

advantage of as well. For teachers, it's conveniently based on the Processing 

programming environment, so students learning to program in that environment 

will be familiar with how the Arduino IDE works. 

• Open source and extensible software : The Arduino software is published as 

open source tools, available for extension by experienced programmers. The 

language can be expanded through C++ libraries, and people wanting to 

understand the technical details can make the leap from Arduino to the AVR C 

programming language on which it's based. Similarly, you can add AVR-C code 

directly into your Arduino programs if you want to. 
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• Open source and extensible hardware : The plans of the Arduino boards are 

published under a Creative Commons license, so experienced circuit designers can 

make their own version of the module, extending it and improving it. Even 

relatively inexperienced users can build the breadboard version of the module in 

order to understand how it works and save money.arduino architecture 

Arduino Architecture:  

Arduino’s processor basically uses the Harvard architecture where the program code 

and program data have separate memory. It consists of two memories- Program memory 

and the data memory.The code is stored in the flash program memory, whereas the data is 

stored in the data memory. The Atmega328 has 32 KB of flash memory for storing code 

(of which 0.5 KB is used for the bootloader), 2 KB of SRAM and 1 KB of EEPROM and 

operates with a clock speed of 16MHz. 

 

 

Fig 3.5: Arduino architectre 
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Arduino pin diagram : 

A typical example of Arduino board is Arduino Uno. It consists of ATmega328- a 28 

pin microcontroller. Arduino Uno consists of 14 digital input/output pins (of which 6 can 

be used as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB 

connection, a power jack, an ICSP header, and a reset button. 

 

Fig 3.6: Arduino pin diagram 

 

Power Jack:  Arduino can be power either from the pc through a USB or through 

external source like adaptor or a battery. It can operate on a external supply of 7 to 12V. 

Power can be applied externally through the pin Vin or by giving voltage reference 

through the IORef pin. 

Digital Inputs: It consists of 14 digital inputs/output pins, each of which provide or 

take up 40mA current. Some of them have special functions like pins 0 and 1, which act 

as Rx and Tx respectively , for serial communication, pins 2 and 3-which are external 

interrupts, pins 3,5,6,9,11 which provides pwm output and pin 13 where LED is 

connected. 
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Analog inputs: It has 6 analog input/output pins, each providing a resolution of 10 

bits. 

ARef: It provides reference to the analog inputs 

Reset: It resets the microcontroller when low. 

The most important advantage with Arduino is the programs can be directly loaded to 

the device without requiring any hardware programmer to burn the program. This is done 

because of the presence of the 0.5KB of Bootloader which allows the program to be 

burned into the circuit. All we have to do is to download the Arduino software and 

writing the code. 

Arduino board designs use a variety of microprocessors and controllers. The boards 

are equipped with sets of digital and analog input/output (I/O) pins that may be interfaced 

to various expansion boards ('shields') or breadboards (For prototyping) and othercircuits. 

The boards feature serial communications interfaces, including Universal Serial Bus 

(USB) on some models, which are also used for loading programs from personal 

computers.   

It consists of following: 

1. AC/DC CONVERTER. 

2. ATMEGA 328P. 

3. VOLTAGE REGULATOR. 
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1. AC/DC CONVERTER: 

Electrical power supply became as a basic need in our day-to-day life, the power we 

are availing is 230V 50Hz AC supply. But, by using power electronics converter circuits 

this power can be converted into the required form and range. These converters are power 

electronics circuits which are further classified as step-down & step-up converters, 

voltage stabilizer circuit, AC to DC, DC to DC, DC to AC converter circuits and so on. 

Most of the microcontrollers which we frequently use in designing electronics projects 

require a 5V DC supply, this 5V DC can be obtained from available 230V AC supply by 

using AC to DC converter in the power supply circuit. 

In general, we can observe a circuitry from which the mains power supply is taken 

and this circuit is used to control the power delivering to the load. Hence, this circuit can 

be called as a power supply circuit and there are various types of power supply circuits 

such as switched mode power supply, variable power supply, DC regulated power supply, 

etc., which are classified based on various criteria. 

There are different types of power electronics converters such as rectifier, 

inverter, voltage regulator, F to V converter, cycloconverter, and so on. The power 

electronics converter which is used for converting AC to DC is called as rectifier circuit. 

The maximum number of electronic circuits are using DC power for their operation and 

let us consider the microcontrollers (8051 microcontrollers are typically used in 

maximum number of microcontroller based projects or circuits) which require 5V DC 

regulated power supply. 

There are different circuits that can be used for converting the available 230V AC 

power to 5V DC power using various techniques. Generally, the step-down converters 

can be defined as converters with output voltage less than the input voltage. 

 

There are four steps to convert AC to DC converter: 

• Stepping down the voltage levels 

• AC to DC power converter circuit 

• Obtaining Pure DC from Pulsating DC 

• Regulatimg DC voltage 
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Stepping down the voltage levels: 

The step-up transformers are used for stepping up the voltage levels and step-

down transformers are used for stepping down the voltage levels. Thus, by using a step-

down transformer the available 230V AC power supply is converted into 12V AC. The 

output of this step-down transformer is RMS value and its peak value can be given by the 

product of the square root of two and RMS value, and is approximately equal to 17V. 

There are two windings in the step-down transformers, primary and secondary 

windings in which primary winding consists of more number of turns compared to the 

secondary winding (less number of turns). We know that, transformer works based on the 

principle of Faraday’s laws of electromagnetic induction. 

AC to DC power converter circuit: 

Primarily, the 230V AC power is stepped-down to 12V AC (12V RMS value of 

which the peak value is 17V approximately), but 5V DC is the required power. So, this 

stepped-down output 17V AC power has to be converted into DC power and then it is to 

be stepped down to 5V DC. AC to DC converter namely rectifier is used for converting 

the 17V AC into DC and there are different types of rectifiers, such as half-wave, full-

wave, and bridge rectifiers. Bridge rectifier is mostly preferred compared to the half 

wave, full wave, and bridge rectifiers. 

The rectifier which consists of four diodes and are connected in the form of bridge 

is called as a bridge rectifier. We know that, the diode conducts only in one direction 

(during forward bias only), remains in off state in another direction (during reverse bias). 

Diode generally are uncontrolled i.e., whenever the anode voltage becomes greater than 

the cathode, then it starts conduction until anode voltage becomes less than the cathode. 

Hence, diodes are termed as  uncontrolled rectifiers. 

In the above circuit, during the positive half cycle of the power supply, diodes D2 

& D4 conducts and during the negative half cycle of the power supply, diodes D1 & D3 

conducts. Thus, the input AC power is rectified into output DC power; but DC output 

power consists of pulses,  hence, it is termed as pulsating DC and is not pure DC. But, 

due to the internal resistance of the diodes a voltage drop of (2*0.7V) 1.4V occurs and 

thus, the peak voltage of the rectifier circuit is around 15V. 
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Obtaining Pure DC from Pulsating DC: 

The 15V DC can be regulated into 5V DC using a step-down converter, but before 

this, it is required to obtain pure DC power. The pure DC power can be obtained from 

pulsating DC using filter circuit (L-filter or C-filter or RC-coupled filter can be used to 

remove the ripples). The C-filter is frequently used for smoothing purposes. 

In the circuit, a capacitor is used to store energy while the input voltage is 

increasing from zero to its peak value and, energy from capacitor can be discharged while 

the input voltage is decreasing from its peak value to zero. Thus, the pulsating DC can be 

converted into pure DC using this charging and discharging process of the capacitor. 

Regulatimg DC voltage: 

The 15V DC output voltage can be regulated using DC voltage regulators such as 

IC 78XX in which the last two digits XX-represents the output voltage value. Here, let us 

consider the IC 7805, which is used for maintaining constant 5V DC output even though 

the input is varying DC voltage (7.2 to 35V DC). 

 

In other words simply say that, Input A.C. supply is converted into dc by means of 

rectifier and filter is used to convert the pulsating dc into pure form of dc. 

                        

 

 

 

 

 

 

Fig 3.7: Ac to Dc converter 
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2. ATMEGA 328P: 

 The Atmel 8-bit AVR RISC-based microcontroller combines 32 KB ISP flash 

memory with read-while-write capabilities, 1 KB EEPROM, 2 KB SRAM, 23 general 

purpose I/O lines, 32 general purpose working registers, three flexible timer/counters with 

compare modes, internal and external interrupts, serial programmable USART, a byte-

oriented 2-wire serial interface, SPI serial port, 6-channel 10-bit A/D converter (8-

channels in TQFP and QFN/MLF packages), programmable watchdog timer with internal 

oscillator, and five software selectable power saving modes. The device operates between 

1.8-5.5 volts. The device achieves throughput approaching 1 MIPS per MHz.[ 

                                   

 

 

          

 

 

               

Fig 3.8:  ATMEGA 328P. 

 

Table 3.2:  ATMEGA 328P. 
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Serial data to the MCU is clocked on the rising edge and data from the MCU is clocked 

on the falling edge. Power is applied to VCC while RESET and SCK are set to zero. Wait 

for at least 20 ms and then the Programming Enable serial instruction 0xAC, 0x53, 0x00, 

0x00 is sent to the MOSI pin. The second byte (0x53) will be echoed back by the MCU. 

             

 

 

3. VOLTAGE REGULATOR: 

 A voltage regulator is a system designed to automatically maintain a constant 

voltage level. A voltage regulator may use a simple feed-forward design or may include 

negative feedback. It may use an electromechanical mechanism, or electronic 

components. Depending on the design, it may be used to regulate one or more AC or DC 

voltages. 

                                           

  

 

 

 

 

       

Fig 3.9:  Voltage regulator. 

Table 3.3:  Serial programming of ATMEGA 328P. 
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3.2.4 TRANSISTOR. {BC547}: 

                         

                               

 

 

BC547 is an NPN bi-polar junction transistor. A transistor, stands for transfer of 

resistance, is commonly used to amplify current. A small current at its base controls a 

larger current at collector & emitter terminals.  

 

BC547 is mainly used for amplification and switching purposes. It has a maximum 

current gain of 800. Its equivalent transistors are BC548 and BC549. 

 

The transistor terminals require a fixed DC voltage to operate in the desired region of its 

characteristic curves. This is known as the biasing. For amplification applications, the 

transistor is biased such that it is partly on for all input conditions. The input signal at 

base is amplified and taken at the emitter. BC547 is used in common emitter 

configuration for amplifiers. The voltage divider is the commonly used biasing mode. For 

switching applications, transistor is biased so that it remains fully on if there is a signal at 

its base. In the absence of base signal, it gets completely off. 

 

 

 

       

 

Fig 3.10:  BC 547. 
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 3.2.5. MAGNETIC SENSOR: 

 Magnetic sensor definition is a sensor which is used to notice disturbances as well 

as changes within a magnetic field such as strength, direction, and flux. There are 

different types of detection sensors which can work on some of the characteristics like 

light, pressure, temperature. These sensors are separated into two groups. The first one is 

used to calculate the total magnetic field, whereas the second one is used to calculate 

vector components of the field. 

 

Magnetic sensor working principle: 

The magnetic sensor comprises a chip with a magnetoresistive component which 

is used to detect a magnetic vector & a magnet intended for magnetic vector biasing 

which can be detected by the magnetoresistive component. 

The chip which is used in the sensor can be used for sensing the change within the 

magnetic vector. This vector notices the behavior of a magnetic body depending on a 

change of resistance value of the magnetoresistive component. 

Whenever the magnetic vector biasing is occurred due to the magnet in co-

operation by the magnetic body, then it will be the motion inside the sensing chip. This 

sensor can be used to compass functionality, which is accessible during Navigation menu. 

A MEMS magnetic field sensor is a small-scale microelectromechanical systems 

device for detecting and measuring magnetic fields. Many of these operate by detecting 

effects of the Lorentz force: a change in voltage or resonant frequency may be measured 

electronically, or a mechanical displacement may be measured optically. 

                                      

 

 

 

Fig 3.11:  MAGNETIC SENSOR. 
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Types of Magnetic Sensors: 

The classification of Magnetic sensors can be done based on detecting the 

dissimilarity of magnetic sensors like a low field, earth field, and bias magnetic field 

sensors. 

➢ Low Field Sensors: These sensors are used to detect extremely low values of the 

magnetic fields like 1uG (1 Gauss is equal to 10-4 Tesla. The best examples of 

this are Nuclear procession, Fiber optic, and SQUID. The applications of low field 

sensors mainly include in nuclear as well as medical fields. 

➢ Earth Field Sensors: The range of magnetic for this type of sensor ranges from 

1uG to 10 G. This sensor uses the magnetic field of the earth in several 

applications like the vehicle as well as navigation detection. 

➢ Bias Magnet Field Sensors: These sensors are used to sense the enormous 

magnetic fields above 10 Gauss. Most of the sensors used in industries use 

permanent magnets like a source of the noticed magnetic field. These magnets 

will bias otherwise magnetize the ferromagnetic objects which are close to the 

sensor. The sensors which are in this type mainly include hall devices, GMR 

sensors, and reed switches. 

 

Generally, the magnetic field can be surrounded by an electric current, and it is 

noticeable through its strength otherwise communication on magnets, electrical charges, 

as well as magnetic products. Here, the magnetic field direction, as well as strength, can 

be calculated. The variations within the field are detected as well as changes are made 

inside the response of machines. 

The best example of this is the magnetic field of the earth, which is measured & 

tracked with the help of magnetic sensors. These are elements of the navigational tools 

which are designed by different manufacturer companies like Honeywell. Most of these 

sensors are applicable for measurement within navigational tools, scientific measuring, 

and industrial processes. 
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3.2.6. LCD (16*2 DISPLAY): 

 An LCD is an electronic display module which uses liquid crystal to produce a 

visible image. The 16×2 LCD display is a very basic module commonly used in DIYs 

and circuits. The 16×2 translates o a display 16 characters per line in 2 such lines. In this 

LCD each character is displayed in a 5×7 pixel matrix. 

 

 

                    

 

 

A 16X2 LCD has two registers, namely, command and data. The register select is 

used to switch from one register to other. RS=0 for command register, whereas RS=1 for 

data register.      

 

 

 

 

Fig 3.12:  16*2 LCD Display. 

Fig 3.13:  16*2 LCD Display Pin Out. 
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 3.2.7. DIODE: 

 

                                

 

 

 

A diode is a device which allows current flow through only one direction. That is 

the current should always flow from the Anode to cathode. The cathode terminal can be 

identified by using a grey bar as shown in the picture above. 

For 1N4007 Diode, the maximum current carrying capacity is 1A it withstand 

peaks up to 30A. Hence we can use this in circuits that are designed for less than 1A.  The 

reverse current is 5uA which is negligible. The power dissipation of this diode is 3W. 

     

Features: 

• Average forward current is 1A. 

• Non-repetitive Peak  current is 30A. 

• Reverse current is 5uA. 

• Peak repetitive Reverse voltage is 1000V. 

• Power dissipation 3W. 

• Available in DO-41 Package. 

 

       

   

 

Fig 3.14:   DIODE (1N4007) 

Table-3.4: Features of Diode 
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Pin Configuration 

 

 

 

 

 

 

➢ A properly labeled pin diagram of any device results in better standing of the user. 

➢ I have made a completely labeled diagram of 1N-4007 diode along with its 

animation. 

➢ The complete pin out diagram along with animation, symbolic representation and 

the real image of 1N 4007 is shown in the figure above. 

 

 

 

   Fig 3.15: 2D representation of Diode 

Table-3.5: Pin configuration of Diode 
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3.2.8. RELAY: 

 

                            

 

Relays are most commonly used switching device in electronics. Let us learn how 

to use one in our circuits based on the requirement of our project. 

Before we proceed with the circuit to drive the relay we have to consider two 

important parameter of the relay. Once is the Trigger Voltage, this is the voltage required 

to turn on the relay that is to change the contact from Common->NC to Common->NO. 

Our relay here has 5V trigger voltage, but you can also find relays of values 3V, 6V and 

even 12V so select one based on the available voltage in your project. The other 

parameter is your Load Voltage & Current, this is the amount of voltage or current that 

the NC, NO or Common terminal of the relay could withstand, in our case for DC it is 

maximum of 30V and 10A. Make sure the load you are using falls into this range. 

 

 

 

 

Fig 3.16: 28V Relay 

Fig 3.17: 28V Relay Pin Diagram 

      29 



  
 

Since the relay has 5V trigger voltage we have used a +28V DC supply to one end of the 

coil and the other end to ground through a switch. This switch can be anything from a 

small transistor to a microcontroller or a microprocessor which can perform switching 

operating. You can also notice a diode connected across the coil of the relay, this diode is 

called the Fly back Diode. The purpose of the diode is to protect the switch from high 

voltage spike that can produced by the relay coil. As shown one end of the load can be 

connected to the Common pin and the other end is either connected to NO or NC. If 

connected to NO the load remains disconnected before trigger and if connected to NC the 

load remains connected before trigger. 

 

Relay Pin Configuration: 

Pin 

Number 
Pin Name Description 

1 Coil End 1 
Used to trigger(On/Off) the Relay, Normally one end 

is connected to 5V and the other end to ground 

2 Coil End 2 
Used to trigger(On/Off) the Relay, Normally one end 

is connected to 5V and the other end to ground 

3 Common (COM) 
Common is connected to one End of the Load that is to 

be controlled 

4 Normally Close (NC) 

The other end of the load is either connected to NO or 

NC. If connected to NC the load remains connected 

before trigger 

5 Normally Open (NO) 

The other end of the load is either connected to NO or 

NC. If connected to NO the load remains disconnected 

before trigger 

 

 

 

 

 

 

Table-3.6: Pin configuration of Relay 
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Some relays have more than one pin connected to a contact. For example - the 

pole of the G2E is connected to two pins. Some relays are simple one-way - on/off - 

switches. These have no normally-closed contacts at all. Some relays have two coils. 

These are designed to reverse the direction of DC motors. Some relays have built-in 

latches that keep the relay energized after power to the coil is cut. Some relays have the 

transistor switch built-in - and require an additional small base current to energize. Some 

relays have the suppressor diode built-in. So - to avoid a short-circuit - the power 

connections to the coil - MUST be made the right way round.     

 

3.2.9 BUZZER:  

 A buzzer or beeper is an audio signalling device, which may be mechanical, 

electromechanical, or piezoelectric. Typical uses of buzzers and beepers include alarm 

devices, timers, and confirmation of user input such as a mouse click or keystroke. 

                                                      

                                          

 

A buzzer is a small yet efficient component to add sound features to our 

project/system. It is very small and compact 2-pin structure hence can be easily used 

on breadboard, Perf Board and even on PCBs which makes this a widely used component 

in most electronic applications. 

There are two types are buzzers that are commonly available. The one shown here 

is a simple buzzer which when powered will make a Continuous Beeeeeeppp.... sound, 

the other type is called a readymade buzzer which will look bulkier than this and will 

produce a Beep. Beep. Beep. Sound due to the internal oscillating circuit present inside it. 

But, the one shown here is most widely used because it can be customised with help of 

other circuits to fit easily in our application. 

 

 

      Fig 3.18: Buzzer 
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This buzzer can be used by simply powering it using a DC power supply ranging 

from 4V to 9V. A simple 9V battery can also be used, but it is recommended to use a 

regulated +5V or +6V DC supply. The buzzer is normally associated with a switching 

circuit to turn ON or turn OFF the buzzer at required time and require interval. 

  

 3.2.10 LED: 

 

 

 

 

 

 A light-emitting diode (LED) is a semiconductor light source that emits light 

when current flows through it. Electrons in the semiconductor recombine with electron 

holes, releasing energy in the form of photons. The color of the light (corresponding to 

the energy of the photons) is determined by the energy required for electrons to cross the 

band gap of the semiconductor. White light is obtained by using multiple semiconductors 

or a layer of light-emitting phosphor on the semiconductor device. 

 

 

 

 

 

 

 

 

 

 

Fig 3.19:  LED lamp 
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                 CHAPTER – 4  

 

PRINCIPLE AND OPERATION 
  

  The RFID technology senses the actual card or duplicate card and operates 

according to command given to that particular switch. . Then it turns on the load to which 

it is connected. The load remains on until given the time delay. The load may be any form 

of device, i.e. lamp, fan, alarm, CC  etc 

. 

• When switch is at position 1, it acts as a security surveillance system and it turns the 

alarm ON. When the alarm is generated, a message is sent to the nearby station indicating 

that someone just entered. When the person leaves, the PIR sensor will activate the alarm 

again.  

 • When switch is at position 2, it acts as a power saving device and the lamp and fan 

turns ON. When the person leaves the place, the PIR sensor will activate again and the 

lamp and fan turns OFF. 

 

 

 4.1 Power supply: 

 The power supply section is the important for any electronics circuits. To derive 

the power supply, the 230V, 50Hz AC mains is stepped down by transformer X1 to 

deliver a secondary output of 12V, 500 mA. The transformer output is rectified by a full-

wave rectifier comprising diodes D1 through D4, filtered by capacitor C1 and regulated 

by ICs 7812 (IC2) and 7805 (IC3). Capacitor C2 bypasses the ripples present in the 

regulated supply. LED1 acts as the power indicator and R1 limits the current through 

LED1.      
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 The circuit of the Bank locker system based on RFID and GSM technology. The 

compact circuitry is built around Atmel AT89C52 microcontroller. The AT89C52 is a 

low-power; high performance CMOS 8-bit microcomputer with 8 kB of Flash 

programmable and erasable read only memory (PEROM). It has 256 bytes of RAM, 32 

input/output (I/O) lines, three 16-bit timers/ counters, a six-vector twolevel interrupt 

architecture, a full-duplex serial port, an onchip oscillator and clock circuitry. The system 

clock also plays a significant role in operation of the microcontroller. An 11.0592MHz 

quartz crystal connected to pins 18 and 19 provides basic clock to the microcontroller. 

Power-on reset is provided by the combination of electrolytic capacitor C3 and resistor 

R1. Port pins P2.0 through P2.7 of the microcontroller are connected to data port pins D0 

through D7 of the LCD, respectively. Port pins P3.7 and P3.6 of the microcontroller are 

connected to register-select (RS) and enable (E) pins of the LCD, respectively. Read/write 

R/W pin of the LCD is grounded to enable for write operation. All the data is sent to the 

LCD in ASCII format for display. Only the commands are sent in hex form. Register-

select (RS) signal is used to distinguish between data (RS=1) and command (RS=0). 

Preset RV1 is used to control the contrast of the LCD. Resistor 10k limits the current 

through the backlight of the LCD.    

 

 

 

Fig 4.1:  POWER SUPPLY 
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4.2 HARWARE ASSEMBLING AND  SOFTWARE TESTING: 

 First step, we need to make single side PCB layout of the Bank locker system 

based on RFID and GSM technology for testing the circuit, proceed as follow  

1.After assembling all the components on the PCB ,connect TX and RX pins of the GSM 

modem to pins 13 and 14 of MAX 232 and RFID Reader, respectively and insert a valid 

SIM in the card holder of the GSM modem.  

2. Connect ground pins of the GSM modem and RFID to the ground rail of the circuit.  

3. This projects are implemented and tested successfully .  

4. This system is very useful for bank locker, office, homes to keep the money safely.  

Port pins P3.0 (RXD) and P3.1 (TXD) of the microcontroller are used to interface 

with the RFID reader through Max232(1) and GSM Modem are used to interface through 

Max232(2). When an allowed person having the tag enters the RF field generated by the 

RFID reader, RF signal is generated by the RFID reader to transmit energy to the tag and 

retrieve data from the tag. Then the RFID reader communicates through RXD and TXD 

pins of the microcontroller for further processing. 

 

 SOFTWARE TESTING: 

 The software program is written in c or assembly language and compiled using 

keil software. After compiler operation the hex code is generated and stored in the 

computer.  The hex code of the program is burnt into the AT328P  by using Top win 

Universal programmer. 
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4.3 RFID TECHNOLOGY: 

 RFID system consists of an antenna or coil, a transceiver (with decoder) and a 

transponder (RF tag) electronically programmed with unique information. There are 

many different types of RFID systems in the market. These are categorized on the basis of 

their frequency ranges. Some of the most commonly used RFID kits are lowfrequency 

(30-500 kHz), mid-frequency (900 kHz-1500MHz) and high-frequency (2.4-

2.5GHz).Basically, an RFID system consists of three components: an antenna or coil, a 

transceiver (with decoder) and a transponder (RF tag) electronically programmed with 

unique information. An RFID reader is a device that is used to interrogate an RFID tag. 

The reader has an antenna that emits radio waves; the tag responds by sending back its 

data. An RFID tag is a microchip combined with an antenna in a compact package; the 

packaging is structured to allow the RFID tag to be attached to an object to be tracked. 

"RFID" stands for Radio Frequency Identification. The tag's antenna picks up signals 

from an RFID reader or scanner and then returns the signal, usually with some additional 

data (like a unique serial number or other customized information). A passive tag is an 

RFID tag that does not contain a battery; the power is supplied by the reader. When radio 

waves from the reader are encountered by a passive RFID tag, the coiled antenna within 

the tag forms a magnetic field. The tag draws power from it, energizing the circuits in the 

tag. The tag then sends the information encoded in the tag's memory. The RX and TX 

pins of RFID reader connected to Tx and Rx pins of AT89C51 Microcontroller 

respectively. Then the reader senses the data from the Tag and transmits the sensed data 

to microcontroller via serial port. 

 In this proposed work, the RFID reader reads the data from tag and send to the 

microcontroller, if the card is valid then microcontroller display the account holder name 

and number.  
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4.4 GSM TECHNOLOGY: 

 GSM modem SIM800 V7.03 The GSM modem is a specialized type of modem 

which accepts a SIM card operates on a subscriber’s mobile number over a network, just 

like a cellular phone. Basically, it is a cell phone without display. modem sim300 is a 

triband GSM/GPRS engine that works on EGSM900MHz,DCS1800MHz and 

PCS1900MHz frequencies.GSM Modem is RS232-logic level compatible, i.e., it takes-3v 

to -15v as logic high and +3v to +15 as logic low.MAX232 is used to convert TTL into 

RS232 logic level converter used between the microcontroller and the GSM board. The 

signal at pin 11 of the microcontroller is sent to the GSM modem through pin 11 of 

max232.this signal is received at pin2 (RX) of the GSM modem. 

 The GSM modem transmits the signal from pin3 (TX) to the microcontroller 

through MAX232, which is received at pin 10 of IC1. Features of GSM  Single supply 

voltage 3.2v-4.5v  Typical power consumption in SLEEP Mode: 2.5mA.  SIM300 tri-

band  MT,MO,CB, text and PDU mode, SMS  storage: SIM card  Supported SIM 

Card :1.8V,3V  
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     CHAPTER – 5 

ADVANTAGES: 

                                            

 

•  Protects Valuable things. 

• Improves Electricity Management. 

• Power consumption of the area is less. 

• Deters Crime. 

• Allows Remote Access to Your Home. 

• Constant protection and avoid security guard or man power. 

• Continuous protection of theft alarm systems. 

• Remote access on theft occurrence via GSM. 
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DISADVANTAGES: 

                                  
 

 

 

 

 

 

➢ If the original access card is robbed, the security system and power saving system 

in this project is not  possible. 

 

➢ If supply fails, it will not work. So, keep Backup  facility of supply failure issues 

to avoid inconvenience. 
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 CHAPTER – 6 

APPLICATIONS: 

Some of the key applications  include: 

• Bank Locker Security. 

• Automatic ticket gates 

•  Restricted Entry way.  

• Restricted Car Parking. 

• Near Private security places. 

• Museums.  

• Jewellery Shops. 

 

    

                    

                                   .  
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Bank Locker Security: 

 

                                      Fig 6.1:Bank locker security 

By using the system, we can protect and safe guard the bank locker and all 

account holders in that area. We made better system for security and power saving in one 

project. It will safe guard the private and public sector in all aspects of accounts. It will 

access through access card of their respective criteria. In this way, we provide the security 

in all areas required. 
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Restricted Car Parking: 

      

 

Our guards are the perfect security guards to protect your business affairs with 

appropriate security services. Car park is one of the most vulnerable places ideal for the 

intruders or burglars to attack your customers or clients. So providing security guards in 

car parking spaces is obligatory. Nowadays crime rate is increasing day by day as it is 

quite evident from the fact that thefts have become a matter of routine. The vehicle thefts 

particularly cars may incur huge loss on the part of the amount invested on these vehicles. 

Therefore, the need of the hour is a better anti-theft control system that can be 

implemented by using several technologies like RFID, GSM. 

 

 

 

 

 

Fig 6.2: Car Parking   
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ABSTRACT

Performanceanalysisofvoltagesourceconverter(VSC)with
SPWM andSVM Techniques

Nowaday’susageofpowerelectronicconvertersareincreasingintheareaof
generationofrenewableenergy,electricalpowertransmissionsystem,industrial
driveandhouseholdapplicationsetc.Thisisoneofthereasonsforfacingsomany
powerqualityissuesintheexistingpowersystem.Ingeneralalltheappliancesare
designedforthesinusoidalACvoltagebutaninverteroutputvoltageisquasisquare
wave.Thatmeansthiswavehavinglotofharmonics,becauseofthisreasonoutput
ofinvertercan’tgivetotheappliancesdirectly.Thisprojectconcentratesonhowto
reducethisharmonicsusingdifferentpulsetriggeringtechniques.

Objectiveofthisprojectistoanalyzetheperformanceofthreephasevoltage

sourceconverter(VSC)interimsofitsoutputRMSvoltageandtotalharmonic

distortion(THD).Twodifferentpulsegeneratingtechniques,viz,oneissinusoidal

pulsewidthmodulation(SPWM)andspacevectormodulation(SVM)aregoingto

implementinthisproject.Thesimulationpartofthecircuitwillbeimplemented

usingMATLAB/simulinksoftwaretool.Anditwillbeimplementedintherealtime

alsowiththehelpofrealtimeinterfacingdeviceknownasArduinoUno

iii
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CHAPTER1

INTRODUCTION

ACdrivesaremorepredominantthandcdrives.Acdrivesrequireshighpowervariable

voltagevariablefrequencysupply.TheresearchinPulsewidthmodulationschemeshas

beenintensiveinthelastcoupleofdecades.PWM techniqueshavebeenusedto

achievevariablevoltageandvariablefrequencyinac-dcanddc-acconverters.PWM

techniquesarewidelyusedindifferentapplicationssuchasvariablespeeddrives(VSD),

staticfrequencychangers(SFC),un-interruptiblepowersupplies(UPS)etc.Themain

problemsfacedbythepowerelectronicdesignengineersareaboutthereductionof

harmoniccontentininvertercircuits.Theclassicalsquarewaveinverterusedinlowor

medium powerapplicationssuffersfrom aseriousdisadvantagesuchaslowerorder

harmonicsintheoutputvoltage.Oneofthesolutionstoenhancetheharmonicfree

environmentinhighpowerconvertersistousePWM controltechniques.

TheobjectiveofPWM techniqueswastofabricateasinusoidalAC outputwhose

magnitudeandfrequencycouldbothberestricted.PWM switchingstrategiesnotonly

addressestheprimaryissuesviz,lessTHD,effectivedcbusutilizationetcbutalsotake

careofsecondaryissueslikeEMIreduction ,switching loss,betterspreading of

Harmonicsoverthespectrum.Real-timemethodofPWM generationcanbebroadly

classifiedintoTrianglecomparisonbasedPWM (TCPWM)andSpaceVectorbased

PWM (SVPWM).

InTCPWM methodssuchassine-trianglePWM,threephasereferencemodulating

signalsarecomparedagainstacommontriangularcarriertogeneratePWM pulsesfor

thethreephases.Thefrequencyofthecarriersignalisveryhighcomparedtothe

modulatingsignal.Themagnitudeandfrequenciesofthefundamentalcomponentin

thelinesidearecontrolledbychangingthemagnitudeandfrequencyofthemodulating

signal.Itissimpleandlinearbetween0%and 78.5%ofsixstepvoltagevalues,which

resultsinpoorvoltageutilization.Voltagerangehastobeextendedandharmonicshas

tobereduced.InSVPWM methods,thevoltagereferenceisprovidedusingarevolving

referencevector.Inthiscasemagnitudeandfrequencyofthefundamentalcomponent
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inthelinesidearecontrolledbythemagnitudeandfrequency,respectively,ofthe

reference voltage vector.Space vectormodulation utilizes dc bus voltage more

efficiently and generates less harmonic distortion in a three phase voltage

sourceinverter.

1.1:PulseWidthModulation(PWM):

Definition:Amodulationtechniquewherethewidthofthepulsesofthepulsedcarrier

wave is changed according to the modulating signalis known as Pulse Width

Modulation(PWM).ItisalsoknownasPulsedurationmodulation(PDM).

BasicsofPulseWidthModulation:ItisatypeofPulseTimeModulation(PTM)

techniquewherethetimingofthecarrierpulseisvariedaccordingtothemodulating

signal.Inpulsedurationmodulation(PDM),theamplitudeofthepulseiskeptconstant

andonlythe

variationinwidthisnoticed.Astheinformationcomponentispresentinwidthofthe

pulses.Thus,duringsignaltransmission,thesignalundergoespulsewidthmodulation.

Duetoconstantamplitudeproperty,itgetslessaffectedbynoise.However,during

transmissionchannelnoiseintroducessomevariationinamplitudeasitisadditivein

nature.Butthatistotallyeasyremovableatthereceiverbymakinguseoflimitercircuit.

Asthewidthofthepulsescontainsinformation.Thusthenoisefactordoesnotcause

muchsignaldistortion.Hence the immunity to the noise ofa PWM system is

betterthan thePAMsystem.

GenerationofPWM signalWaveform representation:

Thefigurebelowshowstheprocessofpulsewidthmodulation.Itiscommonlyknown

as an indirect method of PWM generation.
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Themessagesignalandthecarrierwaveform isfedtoamodulatorwhichgenerates

PAM signal.Thispulseamplitudemodulatedsignalisfedtothenon-invertingterminal

ofthecomparator.

Arampsignalgeneratedbythesawtoothgeneratorisfedtotheinvertingterminalof

thecomparator.Thesetwosignalsareaddedandcomparedwiththereferencevoltage

ofthecomparatorcircuit.Thelevelofthecomparatorissoadjustedtohavethe

intersectionofthereferencewiththeslopeofthewaveform.ThePWM pulsebegins

withtheleadingedgeoftherampsignalandthewidthofthepulseisdeterminedbythe

comparatorcircuit.

ThewidthofthePWM signalisproportionaltotheomittedportionoftherampsignalby

thecomparatorlevel.

Thefigurebelow willhelpyoutounderstandinabetterwayhow PWM signalis

generatedbythecomparator:
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Thefollowingtechniquesareusedbyusinourprojectinordertoproduceaharmonic

freeoutput.
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CHAPTER2

LITERATUREREVIEW AND PROPOSEDTOPOLOGY

2.1:180degreesmode:-

Inthismodeofconduction,everydeviceisinconductionstatefor180°wheretheyare

switchedONat60°intervals.TheterminalsA,BandCaretheoutputterminalsofthe

bridgethatareconnectedtothethree-phasedeltaorstarconnectionoftheload.

Theoperationofabalancedstarconnectedloadisexplainedinthediagram below.For

theperiod0°−60°thepointsS1,S5andS6areinconductionmode.TheterminalsA

andCoftheloadareconnectedtothesourceatitspositivepoint.TheterminalBis

connectedtothesourceatitsnegativepoint.Inaddition,resistancesR/2isbetween

theneutralandthepositiveendwhileresistanceRisbetweentheneutralandthe

negativeterminal.

Fig.2.1:Implementationof180degreemodeofoperation.
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Theabovecircuitwasexcitedwithinputvoltageof25vandstarconnectedresistive

loadwasconnectedacrosstheoutputterminals.ByusingIGBT'swedesigna3phase

inverter,thegatepulsetorespectiveIGBT'swasgivenbypulsegeneratorwithaphase

shiftof180 degrees.Thefollowing aretheoutputwaveformsand Totalharmonic

distruction(THD)ofthismodeofoperation.

Fig.2.2:Outputvoltagewaveform of180degreemodeofoperation.

Generallytheinverteroutputisnotapuresinusoidal.Theaboveoutputisintheform of

quasisquare form .By using FFT window the amountoffundamentalfrequency
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component(50HZ)isalmost100percent.Theotherharmonicswhicharepresentinthe

outputwaveform iseliminatedwhilewhenweconnecttheload.

Fig:-2.3:THDfor180degreemodeofoperation

Intheabovefigweobservethattheoddharmonicspresentinitarequite

less.The3,5,7 harmonicsarealmostaboutintherangeof10to30percentage.Thehigher

orderharmonicsareeliminatedwhilewhenweconnecttheload.Ourintentionistoreduce

thoselowerorder harmonicswithbelowproposedtopologies.
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2.2:SinusoidalPWM:-

Sinusoidalpulsewidthmodulationisamethodofpulsewidthmodulationusedin

inverters.AninverterproducesanACoutputvoltagefrom aDCinputbyusingswitching

circuitstosimulateasinewavebyproducingoneormoresquarepulsesofvoltageper

halfcycle.Ifthewidthsofthepulsesareadjustedasameansofregulatingtheoutput

voltage,theoutputissaidtobepulsewidthmodulation.

Withsinusoidalorsineweightedpulsewidthmodulation,severalpulsesareproduced

perhalfcycle.Thepulsesneartheedgesofthehalfcyclearealwaysnarrowerthanthe

pulsesnearthecenterofthehalfcyclesuchthatthepulsewidthsareproportionalto

thecorrespondingamplitudeofasinewaveatthatportionofthecycle.Tochangethe

effectiveoutputvoltage,thewidthsofallpulsesareincreasedordecreasedwhile

maintainingthesinusoidalproportionality.

Thebelowdiagram showstheoverviewoftheproposedtopology.Thetriangularwave

and the sinewave are overlap in the same region and resultantgate pulses are

produced.Heretheterm modulationindexcameintoexistence.Itisdefinedastheratio

ofmagnitudeofsinusoidalsignaltothecarrierwavesignal(triangularwave).
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Fig.2.4:Overviewofspwm technique.

The below diagram shows the generation of gate pulses to the respective

IGBT'S.Whenthesinusoidalsignalisgreaterthanthecarrierwavesignalgatepulsesare

generated and those gate pulses are given to switches name as

T1,T2,T3,T4,T5,T6.Based on the given gate pulses the response ofcircuitis as

follows.Herethesameinputvoltageof25vD.Csupplyisgiventothecircuitandload

isstarconnectedresistiveloadThegenerationofoutputvoltageandtotalTHDareas

follows.
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Fig.2.5:Generationofgatepulsesandinvertercircuit.

Theoutputvoltageisabout22vwhichisintheform ofstaircasesignal.Thistypeof

signalisnotdirectlygiventoappliancesbecausetheperformanceisnotfair.Forthatwe

usesometypeoffilterssuchinductor,capacitor,LCfilterareusedinordertoobtaina

puresinusoidalsignal.AccordingtoFourieranalysisthefundamentalsignalsuchas
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sinusoidalfrequencycontentspresentishigh.

Thebelowoutputwaveform showstheresponseofinverterwhenweapplyasinusoidal

pulsewidthmodulationtechnique.

Fig.2.6:Outputwaveform forspwm technique.
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Thebelow FFTanalysisofthisoutputwaveform inthesimulationshowstheTotal

HarmonicDistortionas .Thereductioninswitchinglosseswillincreasetheefficiency

oftheequipmentinpowersystem.

Fig.2.7:Simulinkresultsforproposedtopology.

Intheabovefigwecanobservethattheoddharmonicssuchas3,5,7harmonicsarelesswhen

comparedto180degreemodeofoperationandtheyarealmost10percentonly.Thehigherorder

harmonicswhicharelessthanthe5percentareeliminatedwhilewhenweconnecttheload

.Thoseharmonicsarealsobereducedbyusingthebelowproposedtopology.
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Spacevectormodulation:-

Space vectormodulation (SVM)is an algorithm forthe controlofpulse width

modulation(PWM).[1]Itisusedforthecreationofalternatingcurrent(AC)waveforms;

mostcommonlytodrive3phaseACpoweredmotorsatvaryingspeedsfrom DCusing

multipleclass-Damplifiers.TherearevariationsofSVM thatresultindifferentquality

andcomputationalrequirements.Oneactiveareaofdevelopmentisinthereductionof

totalharmonic distortion (THD)created bythe rapid switching inherentto these

algorithms.
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Fig.2.8:Basicinvertercircuit.

A three-phaseinverterasshowntotherightconvertsaDC supply,viaaseriesof

switches,tothreeoutputlegswhichcouldbeconnectedtoathree-phasemotor.

Theswitchesmustbecontrolledsothatatnotimearebothswitchesinthesameleg

turnedonorelsetheDCsupplywouldbeshorted.Thisrequirementmaybemetbythe

complementaryoperationoftheswitcheswithinaleg.i.e.ifA+isonthenA−isoffand

viceversa.Thisleadsto
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eightpossibleswitchingvectorsfortheinverter,V0throughV7withsixactiveswitching

vectorsandtwozerovectors.

VectorA+ B+ C+ A− B− C− VAB VBC VCA

V0={000} OFF OFF OFF ON ON ON 0 0 0 zerovector

V1={100} ON OFF OFF OFF ON ON +Vdc 0 −Vdc active

vector

V2={110} ON ON OFF OFF OFF ON 0 +Vdc−Vdc active

vector

V3={010} OFF ON OFF ON OFF ON −Vdc +Vdc0 active

vector

V4={011} OFF ON ON ON OFF OFF −Vdc 0 +Vdc active

vector

V5={001} OFF OFF ON ON ON OFF 0 −Vdc+Vdc active

vector

V6={101} ON OFF ON OFF ON OFF +Vdc −Vdc0 active

vector

V7={111} ON ON ON OFF OFF OFF 0 0 0 zerovector

NotethatlookingdownthecolumnsfortheactiveswitchingvectorsV1-6,theoutput

voltagesvaryasapulsedsinusoid,witheachlegoffsetby120degreesofphaseangle.

Toimplementspacevectormodulation,areferencesignalVrefissampledwitha

frequencyfs(Ts=1/fs).Thereferencesignalmaybegeneratedfrom threeseparate

phasereferencesusingthe

{\displaystyle\alpha\beta\gamma}\alpha\beta\gammatransform.Thereference

vectoristhensynthesizedusingacombinationofthetwoadjacentactiveswitching

vectorsandoneorbothofthezerovectors.Variousstrategiesofselectingtheorderof

thevectorsandwhichzerovector(s)touseexist.Strategyselectionwillaffectthe
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harmoniccontentandtheswitchinglosses.

Fig.2.9:Implementationofspacevectors.

Alleightpossibleswitchingvectorsforathree-leginverterusingspacevectormodulation.Anexample

Vrefisshowninthefirstsector.Vref_MAXisthemaximum amplitudeofVrefbeforenon-linear

overmodulationisreached.

MorecomplicatedSVM strategiesfortheunbalancedoperationoffour-legthree-phase

invertersdoexist.Inthesestrategiestheswitchingvectorsdefinea3D shape(a

hexagonalprismin
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{\displaystyle \alpha \beta \gamma }\alpha \beta \gamma coordinates[2]ora

dodecahedron in abc coordinates[3]) ratherthan a 2D hexagon.GeneralSVM

techniquesarealsoavailableforconverterswithanynumberoflegsandlevels[4].

Fig.2.10:Implementationofsectors.
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Fig.2.11:Implementationofsvpwm forinvertercircuit.

Intheabovefigure2.9theswitchingsequenceforallthesectorsisdivided.Herewe

use6switchessothattheeachswitchactivefor60degreesinallthesectors.These

sectorsegmentation gives as inputto fundamentalsinusoidalsignaland active

time.Afterdoingsomemathematicalcalculationsthegatepulsetoupperswitches

aregenerated.

Intheabovefigure2.10thegatepulsestorespectiveIGBT'saregivenandtheoutput

voltagewasobserved.Theoutputwaveform andtotalTHDisshownbelow.
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Fig.2.12:Outputvoltagewaveform forinverterwithsvpwm technique.
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Fig.2.13:THDforsvpwm technique.

Wecanobservethatthelowerorderharmonicssuchas3,5,7harmonicsarecompletelylessthan2

percent.From alltheaboveconclusionswecometoknowthatthelowerorderharmonicsareless

insvpwm techniquewhencomparedtoothertwotopologies.Nowtheresultswhichareobtainedin

thesimulinkarecomparedwiththehardwareresults.
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CHAPTER3

EXPERIMENTALRESULTS

3.1Entiredescriptionoftheproject:-

A230VA.Csupplyisstepdowntothe15Vbyusingthecentertappedstep-down

transformer.This15VA.Csupplyisgiventothebridgerectifierinordertoconvertfrom

A.CtoD.C.Theoutputfrom thebridgerectifierisgiventotheLM7812andthiswill

regulatethevoltageto12Vsinceitwillactlikeanvoltageregulator.Thisregulated12V

D.Cisusedtodrivethedrivercircuit.ThedrivercircuitusedhereisTLP250,thereare

manydriving circuits like TC427 and IR2110 etc butallthis drivers are notso

popular.LikeanydriverTLP250hasalsoainputstage,outputstageandpowersupply

connection.Theisolationisoptical-theinputstageisanLEDandthereceivingoutput

stageislightsensitive(photodetector).

Fig.3.1:Blockdiagram ofentireproject.
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3.2Experimentalsetupforcompleteproject

3.3Hardwareresultsfor180degree

.3.2:Inputvoltageandgatepulsestoinverter.
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Fig3.3outputvoltageandTHDforproposedtopology

Intheabovefigweobservethattheoddharmonicspresentinitarequiteless.The3,5,7 harmonics

rmonicsarealmostaboutintherangeof10to30percentage.Thehigherorderharmonicsareeliminated

whilewhenweconnecttheload.Ourintentionistoreducethoselowerorder harmonicswithbelow

proposedtopologies.
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3.4HardwareresultsforsinusoidalPWM technique

Fig.3.4:Inputvoltageandgatepulsesforproposedtopology.
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Fig.3.5:ExperimentalresultsandTHDforproposedtopology

Intheabovefigwecanobservethattheoddharmonicssuchas3,5,7harmonics

arelesswhencomparedto180degreemodeofoperationandtheyarealmost10percent

only.Thehigherorderharmonicswhicharelessthanthe5percentareeliminatedwhilewhenwe

connecttheload.Thoseharmonicsarealsobereducedbythebelowproposedtopology.
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CHAPTER4

COMPONENTS

ARDUINO:

ArduinowasbornattheIvreaInteractionDesignInstituteasaneasytool

forfastprototyping,aimed atstudents withouta background in electronics and

programming.Assoonasitreachedawidercommunity,theArduinoboardstarted

changingtoadapttonewneedsandchallenges,differentiatingitsofferfrom simple8-

bitboardsto productsforIoT applications,wearable,3D printing,and embedded

environments.AllArduinoboardsarecompletelyopen-source,empoweringusersto

buildthem independentlyandeventuallyadaptthem totheirparticularneeds.The

software,too,is open-source,and it is growing through the contributions of

usersworldwide.

An Arduino board consists of an 8-bit AtmelAVR microcontroller with

complementarycomponentstofacilitateprogrammingandincorporationintoother

circuits.AnimportantaspectoftheArduinoisthestandardwaythatconnectorsare

exposed,allowingtheCPUboardtobeconnectedtoavarietyofinterchangeableadd-on

modulesknownasshields.
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Fig.4.1:ArduinoUNO.

Features:

 •ATmega328microcontroller

 •Inputvoltage-5-12V

 •14DigitalI/OPins(6PWMoutputs)

 •6AnalogInputs

 •32kFlashMemory

 •16MhzClockSpeedThemaximum valuesthatArduinocanhandle.

IGBT(FGA25N120ANTD):

Aninsulated-gate bipolar transistor(IGBT) is a three-terminal power

semiconductordeviceprimarilyusedasanelectronicswitchwhich,asitwasdeveloped,

cametocombinehighefficiencyandfastswitching.Itswitcheselectricpowerinmany

modernappliances:variable-frequencydrives(VFDs),electriccars,trains,variablespeed

refrigerators,lampballasts,air-conditionersandevenstereosystemswithswitching

amplifiers.TheIGBTisasemiconductordevicewithfouralternatinglayers(P-N-P-N)

thatare controlled bya metal-oxide-semiconductor(MOS)gate structure without

regenerativeaction.

WeuseFGA25N120ANTDIGBTitoperatesat1200V,25A.NPTTrenchIGBTinthrough

holeTO-3Ppackage.IGBTofferssuperiorconduction,switchingperformances,high
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avalancheruggednessandeasyparalleloperation.Thisdeviceiswellsuitedforthe

resonantorsoftswitchingapplication.

Collector emitter voltage VCES is

1.2KV Collectorcurrentat25°C is

50A

Diode continuous forward currentat25°C is 50A

Operating junction temperature range from -55°C

to150°CMaximum powerdissipationat25°Cis312W

Collectortoemittersaturationvoltageis2.65VatIC=50A

Maximum diodeforwardvoltageis3VatIF=25A

Diodepeakreverserecoverycurrentis4.

OPTOCOUPLER(TLP250):

In electronics,an opto-isolator,also called an optocoupler,photocoupler,oroptical

isolator,isacomponentthattransferselectricalsignalsbetweentwoisolatedcircuitsby

usinglight.Opto-isolatorspreventhighvoltagesfrom affectingthesystem receivingthe

signal.Anoptocoupleroropto-isolatorconsistsofalightemitter,theLED andalight

sensitivereceiverwhichcanbeasinglephoto-diode,photo-transistor,photo-resistor,

photo-SCR,oraphoto-TRIACwiththebasicoperationofanoptocouplerbeingverysimple

tounderstand.
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Fig.4.2:Optocoupler.
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CHAPTER5

CONCLUSION

Anoveltopologyforinverterisproposedinthisproject.Itisahybridtopologyasvarious

switcheshavedifferentblockingvoltage.Thetopologyusessixactiveswitchesto

generatearesponseforallthetechniques.Thetechniquesuchaspwm techniqueslike

spwm andsvpwm areusedinordertoobtainasatisfactoryresults.Theproposed

concepts are validated through simulations and experimentalstudies satisfactory

resultsareobtained.Uptointroducedlevelswecametoconcludethatsvpwm technique

isbetterandgivesatisfactoryresultswhencomparedtoproposedtopologies.
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ABSTRACT 

A novel direct control of high performance bidirectional quasi-Z-source inverter (BQZSI), with 

optimized controllable shoot-through insertion, to improve the voltage gain, efficiency and to 

reduce total harmonic distortion is investigated. The most traditional power converters used for 

adjustable speed drives (ASD) is the voltage source inverter. The VSI usually requires an 

additional boost converter. This additional converter stage increases cost and complexity and 

lowers overall efficiency of the power conversion system. Also, the voltage sags can interrupt 

traditional ASD systems, thus shutting down critical loads and processes. Theoretically, the 

original Z-source, Quasi-Z- source, and embedded Z-source all have unlimited voltage gain. 

Practically, however, a high voltage gain (>2 or 3), will result in a high voltage stress imposed 

on the switches. Every additional shoot-through state increases the commutation time of the 

semiconductor switches, thereby increasing the switching losses in the system. 

Hence, minimization of the commutation time by optimal placing of the shoot- through 

state in the switching time period is necessary to reduce the switching loss. To overcome this 

problem, a combination of bidirectional quasi-Z-source inverter with a maximum constant boost 

control with third harmonic injection is proposed. This is achieved by voltage- fed quasi-Z source 

inverter with continuous input current, implemented at the converter input side which can boost 

the input voltage by utilizing the extra switching state with the help of shoot-through state 

insertion technique.  

The power flow can be bidirectional by connecting an active switch anti-parallel with the 

diode in BQ-ZSI. So it can also be used for electrical vehicle applications, since it requires both 

bidirectional power flow. By using a BQ-ZSI, it is possible to handle the energy in both sides. 

This bidirectional converter can improve the efficiency of the induction motor. So that the 

proposed converter have a great future in Electric Vehicle systems. 
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                                             CHAPTER 1 

1.1 INTRODUCTION:  

The past decade has witnessed significant development in power conversion 

technology, thanks to the continuous penetration of power electronics into power 

generation, transmission and consumption. Power generated from renewable resources is 

either connected to the grid or to the local loads through inverters. With the performance 

improvement and cost reduction of the power electronics devices, new topologies of the 

power converters have become available, reducing the size, saving the energy, and 

improving the efficiency of the system. The successful operation of the direct control of high 

performance bidirectional quasi-Z-source inverter (HPB-QZSI) with controllable shoot through 

insertion requires the knowledge of power electronics, converter operation, switching scheme 

and most important of all control loop design. The focus of this project is on reducing total 

harmonic distortion and improving voltage gain. The simplification of the available 

switching scheme and proposed shoot through insertion technique are also considered. A 

control loop is designed based on a real-time system so that the whole system can meet the 

design specifications. 

1.2 CONVERTERS CLASSIFICATION:  

Power converters control the flow of power between two systems by changing the 

character of electrical energy, from direct current to alternating current, from one voltage level 

to another voltage, or in some other way. 

The most common classification of power conversion systems is based on the 

waveform of the input and output signals, in this case whether they are alternating current 

(AC) or direct current (DC), thus: 

• DC to DC converter (Chopper). 

• DC to AC converter (Inverter) 

• AC to DC converter (Rectifier) 

• AC to AC converter (Transformer) 
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1.3 CONTROL METHODS: 

 To have a desirable output voltage and output current along with amplitude, frequency 

and phase, various control methods and modulation techniques are indispensable to control and 

modulate the converters. Moreover, all control techniques and pulse width modulation by 

modifying the shoot-through zero state to control the high performance bidirectional quasi-Z-

Source converter are still valid. However, in addition to all states in the traditional modulation 

techniques, a new state called a “shoot-through state” is introduced and embedded into the 

modulation strategy without violating the volt-sec balance in the operating principle. New pulse 

width modulation technique is inspired from sinusoidal PWM; utilizing the distinctive 

properties of shoot-through state is advanced to obtain the maximum DC-link voltage. 

In this control strategies by modifying the shoot-through state (Dst) can control the 

voltage of the capacitor, also with modifying modulation index can control the output voltage, 

utilizing distinct P/PI controller. Different closed loop control techniques can be seen in 

literature to control the DC-link voltage and improve the transient response of quasi-Z-source 

inverter which Inspired from the effect of varying parameter, poles and right half plane zeroes. 

All control techniques have two control degrees of freedom i.e. shoot-through time period (Dst) 

to control the DC-link directly/indirectly; and modulation index (M) to control the output 

voltage. The best modulation techniques to maximize the boost, minimize the harmonic 

distortion, reduce the switches stress and reduce the number of device commutations in each 

switching period can be achieved  by amalgamation of conventional switching concept along 

with selective shoot-through zero state. 

1.3.1 MODULATION TECHNIQUES: 

Different pulse width modulation methods with the purpose of reducing the commutation 

times, less voltage stress and easy implementation are discussed in the literature. Various 

modification including simple boost, maximum boost and maximum constant boost as well as 

constant boost with 3rd harmonic injection are presented. The simple boost inspired from the 

conventional SPWM. Comparing the triangular signal with reference signal provides the 

sinusoidal signal and two straight lines to generate the shoot through time period for boosting 

the output voltage. In the simple maximum-boost control, the modulation index is limited to 

M= 0.5 which means that the maximum voltage gain can only go up to 0.944. Maximum boost 

control utilizes all the zero states as shoot-through states. The range of modulation index is 

extended to 0.866 by injecting the third harmonic signal in the reference signal. In  terms of the 
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total harmonic distortion (THD) at the output, the maximum constant boost control method is 

effective in eliminating low order harmonics compared to the simple boost  and maximum 

boost controls.  

1.3.2 SIMPLE BOOST CONTROL: 

In  this  method  three  modulating  signals  ( mR for R-phase, mY for Y-phase, mB for 

B-phase) With 120 degree phase shift  when compared with high frequency carrier triangular 

signal it  Generates switching pulse. The shoot-through for Z-source inverter is generated by 

comparing Two Straight dc lines with the carrier signal. The magnitudes of these dc lines are 

+Vsh and –Vsh are When the carrier signal is greater than +Vsh and less than –Vsh it will 

generate shoot-through Pulses.  

If the time duration for shoot-through is T0 and the carrier period T then shoot-through 

Duty ratio Dsh=T0/T. Now actual switching pulses for Z-source inverter are then OR between 

Conventional switching pulses to produce the modified pulses (S1,S3,S5)  and the inverter 

pulses (S2,S4,S6). 

 During the shoot-through all the switches are ON, so here shoot-through state is 

Vsh15. The advantage of this PWM technique is that it is simple to implement but the 

disadvantage is that total zero switching state is not utilized during shoot-through so the 

voltage stress across switch is more compared to other techniques. As all the switches turn ON 

during the shoot-through switching loss is more. 

Shoot- through pulses are inserted into the switching waveforms by logical OR gate. 

For this control method the obtained shoot-through duty ratio decreases with the increase of M 
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Figure 1.1 PWM Signals from Simple Boost control 

1.3.2 MAXIMUM BOOST CONTROL: 

The disadvantage of Simple Boost Control (SBC) is overcome by introducing the 

Maximum Boost Control (MBC) method. In case of MBC the traditional zero state is totally 

converted into shoot-through state as a result the voltage stress across the switch is reduced 

compared to SBC. 

The shoot-through states for MBC are generated by comparing the carrier Signal with 

the maximum value and minimum value of modulating signals. So at any    instant when the 

carrier signal is greater than the maximum value of modulating  signal, shoot-through will 

generate. Similarly when the carrier signal is less than the minimum value of modulating signal, 

shoot-through will generate. 

The advantages of this MBC PWM technique are that the output voltage is maximum as 

the boost factor is maximum. The disadvantage of this method is that during shoot-through 

states all switches will turns on so the switching loss is more. 

 

                  Figure 1.2 PWM Signals for Maximum Boost Control 

1.4 TOTAL HORMONIC DISTORTION REDUCTION: 
The output voltage of PWM power inverters shows harmonic distortion due to 

several causes; the main ones are modulation algorithm, nonlinearities in the output 

filter, dead times, voltage drops across the switches and modulation of  the  DC bus 

voltage  (A. Oliva, 2005). With the use of non-linear loads on the rise globally, isolation for 

poor quality distribution system and mitigation of harmonics will become increasingly 
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important. The limit per IEEE Std 519 are not enforced limits but suggestion on 

acceptable levels. As a result, THD on certain power system could be much higher, 

especially considering the difficulty in attaining harmonic measurements 

1.5 MAIN OBJECTIVE: 

Power converters provide a crucial function in renewable energy by converting power 

from renewable sources to match the voltage, frequency and other requirements of the system. 

The aim of the project is to improve the voltage gain and reduce the total harmonic distortion of 

the power converter.  

1. Development of accurate models for various topologies and  perform comparison   

analysis. 

2. Investigate various techniques for good estimation of the converter topology 

characteristics, such as efficiency, reliability, transmission, distribution and delivery 
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CHAPTER 2 

2.1 ELECTRIC POWER CONVERSION SYSTEM: 

  In electric power conversion applications such as (DC–DC Converter, DC–AC Inverter, 

AC–DC  Rectifier, AC– AC Converter),  impedance  network  deliver  an  effective  meaning 

of power conversion among source  and  load . The literature presents different topologies and 

control techniques with different type of impedance network, e.g., Z-source inverter system 

and control for adjustable speed drives 

 

 Figure 2.1 General circuit configuration of impedance-source network for power 

 conversion with different switching cells 

            Two-port network that consists of a split-inductor   and   and capacitors   and  

c2 connected in X shape is employed to provide an impedance source (Z-source) coupling the 

converter (or inverter) to the dc source, load, or another converter. The dc source/or load can  be 

either a voltage or a current source/or load.  
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  Figure 2.2 Basic Z-Source impedance networks 

 

Figure 2.3 Z-source converter using the antiparallel combination of switching 

device and diode. 

 

 

 

Figure 2.4 Z-source converter structure using the series combination of switching device 

and diode. 

 

 

Therefore, the dc source can be a battery, diode rectifier, thyristor converter, fuel cell, an  

inductor, a capacitor, or a combination of those. Switches used in the converter can be 

combination of switching devices and diodes such as the anti parallel combination a. The 

inductance  and  can be provided through a split inductor or two separate inductors. 
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2.2 OPERATING PRINCIPLE OF THE IMPENDANCE SOURCE 

CONVERTER: 

The impedance source can be used for any (AC-AC), (AC-DC), (DC-DC) and (DC-AC) 

conversion system. The Z-source is an example of demonstration of the principal operation and 

control of the impedance-source-network. Output terminals are short circuited in the period of 

shoot-through state with conduction of switches, which causes reversing the bias in the circuit 

with diode D. 

The unique feature of the Z-source inverter is that the output ac voltage can be any value 

between zero and infinity regard- less of the fuel-cell voltage. That is, the Z-source inverter is a 

buck–boost inverter that has a wide range of obtainable voltage. The traditional V- and I-source 

inverters cannot provide such feature. 

Let us briefly examine the Z-source inverter structure. The three-phase Z-source inverter 

bridge has nine permissible switching states (vectors) unlike the traditional three-phase V-

source inverter that has eight. The traditional three-phase V-source inverter has six active 

vectors when the dc voltage is impressed across the load and two zero vectors when the load 

terminals are shorted through either   the lower or upper three devices, respectively. However, 

the three-phase Z-source inverter bridge has one extra zero state (or vector) when the load 

terminals are shorted through both the upper and lower devices of any one phase leg (i.e., both 

devices are gated on), any two phase legs, or all three phase legs. This shoot-through zero state 

(or vector) is forbidden in the traditional V-source inverter, because it would cause ashoot-

through. We call this third zero state (vector) the shoot-through zero state (or vector), which can 

be generated by seven different ways: shoot-through via any one phase leg, combinations of 

any two phase legs, and all three phase legs. The Z-source network makes the shoot-through 

zero state possible. This shoot-through zero state provides the unique buck-boost feature to the 

inverter. 

All the traditional pulse width-modulation (PWM) schemes can be used to control the Z-

source inverter and their theoretical input–output relationships still hold. The traditional PWM 

switching sequence based on the triangular carrier method. In every switching cycle, the two 

non shoot through zero states are used along with two adjacent active states to synthesize the 

desired voltage. When the dc voltage is high enough to generate the desired ac voltage, the 

traditional PWM is used. While the dc voltage is not enough to directly generate a desired 
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output voltage, a modified PWM with shoot-through zero states will be used to boost voltage. It 

should be noted that each phase leg still switches on and off once per switching cycle. Without 

change the total zero-state time interval, shoot-through zero states are evenly allocated into 

each phase. That is, the active states are unchanged. However, the equivalent dc-link voltage to 

the inverter is boosted because of the shoot-through states. The detailed relationship will be 

analyzed in the next section. It is noticeable here that the equivalent switching frequency 

viewed from the Z-source network is six times the switching frequency of the main inverter, 

which greatly reduces the required inductance of the Z-source network. 

 

Figure 2.5 Z-source inverter viewed from the dc link when the inverter bridge is in 

the Non shoot-through zero state. 

 

 

 

 

 

Figure 2.6 Z-source inverter viewed from the dc link when the inverter bridge is in 

the shoot-through zero state. 

 

The basic voltage source inverter has no shoot-through state as would destroy the 

circuit by short circuiting across the DC-link. The Z-source network and the shoot-through 
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zero state provide a unique buck–boost capability for the inverter by varying the shoot-

through time period and modulation index (MI) of the inverter. To prevent surpassing 

device limitation, some practical features and converter’s performances are essential to be 

considered for high voltage buck/boost converters. The impedance source network converters 

can be controlled by all traditional pulse width modulation techniques. As discussed earlier 

“shoot-through state” is the new state in electric power conversion which introduce to 

modulating techniques with reverent to the volt-sec balance in any operation principles.  Shoot-

through state has an inimitable trait that many new pulse width modulation methods from 

sinusoidal and SVPWMs are produced to regulate the output voltage. In addition, there are 

various control methods applied for various applications which will be discussed in detail. 

2.3 CATEGPRIES OF IMPEDANCE SOURCE CONVERTER BASED ON 

CONVERSION FUNCTIONALITY: 

2.4 ELECTRIC POWER CONVERSION TOPOLOGIES:  

All electric power conversion topologies inspired from impedance-source network with 

reorganizing LC components. 
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Figure 2.8 Impedance-source network topologies 

 

2.4.1 Non-transformer based 

2.4.1.1Z-source / QZ- source 

Generally Z-source/QZ-source inverters categorized into voltage fed and current 

fed; -however, unlike the traditional voltage-fed/current-fed inverter, the impedance-sourc 

network provides a buffer between the source and the  inverter bridge; and facilitates    a short 

and an open-circuit at any time depending on the mode of operation 
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Figure 2.9: various voltage-fed ZSI topologies: (a) ZSI with discontinuous input current, 

(b) QZSI with continuous input current, and (c) QZSI with discontinuous input current 

2.4.1.2 Enhanced/ improved z-source 

There are different topologies and modulation techniques to enhance the boost 

capability contained by Z-source and QZ-source networks. In the same framework, an 

enhanced-boost ZSI is proposed in (Ding et al., 2013; Weihai, 2013) with alternate- 

cascaded switched and tapped-inductor cells using some lower rated components. 

Similarly, an improved Z-source (Yu et al., 2011a; Yu et al., 2009b) and an improved 

trans-Z-source (Minh-Khai et al., 2013a) are proposed, respectively, to reduce the 

capacitor voltage stress. Basic Z-source and quasi -Z-source inverters have some problems 

which can be solved and overcome with these topologies; on the other hand, the cost of the 

converter system will increase as well as decreasing the power density. 

2.4.1.3 Semi-Z- source /semi quasi-Z-source 

Figure 2.10Semi-Z-source topologies: (a) Semi-ZSI and (b) semi-QZS 

To achieve low cost and high efficiency in applications such as single-phase grid-tie PV 

power systems, new topology called semi-Z-source inverters. 
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2.4.1.4 Embedded z source 
 

 

 

Figure 2.11 Two-level-embedded ZSI 

 

The embedded-Z-source topology without employing any extra passive filter as an 

advantage can provide the same gain as traditional Z-source inverter. The unique 

properties    of    this    topology    are    appropriate    for    photovoltaic    system    (Poh 

Chiang et al., 2010; GAO Et Al., 2008). 

Some other embedded Z-source topologies can be usable for battery storage systems 

with one/two DC sources. 

 

 

 

 

2.4.1.5  Z-Source B4 Converter 
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A new Z-source B4 inverter topology has inspired from basic B4-Voltage-source 

inverter.(Poh Chiang et al., 2007c) This inverter with less active elements can be operated 

with no dead-time protections, which lead to enhance the reliability and reduction of cost.  

 

 

Figure 2.12 B4 ZSI topology 

 

2.4.1.6 Switched Inductor/Capacitor 

Extra inductors and capacitors have been added in the Z-source and quasi-Z-source 

impedance network, aim of improving the boost capability of the circuit. Many topologies are 

presented in the literature to reduce the stress on the passive components and also to eliminate 

the start-up inrush current. A switched inductor/capacitor ZSI/QZSI provides continuous input 

current and reduced voltage stress on the capacitor (Miao et al., 2010; Nguyen et al., 2012). 

Small shoot-through time period is needed to generate large output voltage. 

An embedded-Z-source with a switched inductor combines the advantages of both 

topologies, e.g., high boost ratio, reduced capacitor voltage stress, and low input ripplecurrent 

(Itozakura and Koizumi, 2011). However, this switched inductor/capacitor topology needs 

large number of passive devices, which increases the cost and volume   of the converter. 
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2.4.1.7 Capacitor/Diode Assisted 

According to different applications requirements, voltage boost can be increased by 

adding  additional  capacitor  and  diodes  to  the  conventional  QZ/Z-source  inverters  to 

achieve the highest voltage boost (Gajanayake et al., 2010; Gajanayake et al., 2009).  

Figure 2.13 Assisted QZSI topologies: (a) diode assisted and (b) capacitor 

assisted 
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CHAPTER 3 

3.1 MODULATION TECHNIQUES, CONTROL METHODS AND THD: 

3.1.1 MODELING AND CONTROL: 

The non-minimum phase behavior of Z-source network because of zero in the right half 

plane could impose a limitation on the controller design. With the aim of implementing a great 

control technique, having a good dynamic-model  is  indispensable .This chapter presents 

different dynamic models which can be  applied  for different application with different control 

techniques and complexity limits, and provides guidelines for system controller design. In 

general, M and Dst are considered as control variables and the capacitor voltage  or  the  DC-

link  voltage   and  the  load  voltage    as  variables  to  be   controlled. The simplified Z-source 

converter model for small-signal analysis, where is controlled using as a control variable 

(control switch). 

Different close loop control techniques studied to control the DC-link voltage and 

improve the transient response of Z-source inverter  

Figure 3.1 Control of DC-link voltage by Capacitor voltage control 

Figure 3.1 Control of DC-link voltage by Capacitor voltage control 
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Figure 3.2 Control of DC-link voltage by Voltage mode control (VM) 

The DC-link voltage with specific direct senses and scaling methods and 

modulation techniques to enhance the transient response, simplifying the controller and 

reducing the voltage stress. The voltage of capacitor in indirect strategy that usually captured 

and compared with desired voltage for measuring the capacitor voltage (𝑉𝑐) of Z-source 

inverter, also predicting the DC-link voltage by measuring the voltage of capacitor and 

input voltage. 

Changing the input voltage in indirect strategy by modifying the shoot-through time 

period to control the  DC-link is not easy; also, it has an impact on the output voltage as well as 

changing the modulation index, besides, increasing the switches stress and increasing the 

harmonic distortion. In the direct strategy by keeping the DC-link voltage constant still 

complexity of the  control method and extra circuit can be seen in the system  which  this  

drawback  can be solved by predicting the DC-link voltage, calculating the voltage of capacitor 

and input voltage (VM control method) Current Programmed Mode (CPM), though extra 

voltage or  current sensor  is  needed.  
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3.2 GENERAL CLASSIFICATION OF MODULATION TECHNIQUIES: 

 

Figure 3.3 Categorization of modulation techniques for impedance-source network-    

based power converter 

 

3.2.1 Modulation techniques for single phase topologies 

Various modulation techniques are presented in the literature to modulate and control 

the output voltage of single-phase impedance  source  inverters having  two switches  for semi 

Z-source and quasi-Z-source, 4switches intermediate H-bridge topologies (Dong et al., 2011a; 

Poh Chiang  et  al.,  2005;  Zare and Firouzjaee, 2007), or embedded Z-source (Dong et al., 

2011a; Oh et al., 2013) for and Firouzjaee, 2007), or embedded Z-source 

(Dong et al., 2011a; Oh et al., 2013) for various application. A two-switch topology 

offers a simple and cost-effective solution for a single-phase grid-connected photovoltaic 

system. Two modulation techniques are prevalent in the literature to control and modulate 

the two switches of a single- phase Z-source/quasi-Z-source to get the required output 

voltage, namely one-cycle control (Yu et al., 2011b) and non-linear Sinusoidal Pulse-Width 

Modulation (SPWM) (Dong et al., 2011a). 
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Figure 3.4 Generation of switching signal for 1-ph Z-source inverter using nonlinear  

sinusoidal pulse width modulation (SPWM) 

 

3.2.2 Modulation Techniques for Three-Phase Topologies (2-level) 

 Different pulse width modulation methods with the purpose of reducing the 

commutation times, less voltage stress and easy implementation are discussed in this chapter. 

Two level modulation techniques are largely classified  as sinusoidal  SPWM and Space Vector 

Pulse Width Modulation (SVPWM). different modification including simple boost, maximum 

boost and maximum constant boost as well as constant boost with 3rd harmonic injection are 

presented. 
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Figure 3.5 Sine wave PWM (a) simple boost control, (b) maximum-boost control, (c) 

maximum-constant-boost control, and (d) constant-boost control with 1/6th of third 

harmonic injection ( →Shoot-through period)  

3.3 LOSES, HARMONICS AND EMI: 

For designing the electric power system, three major issues come to matter, such as 

Losses, Harmonic and Electromagnetic Interference (EMI). The  mentioned  issues  affect the 

system in terms of quality, efficiency, size and cost. Therefore, there is a trade-off between 

these factors. The key factor in power converter is power switches; they have been categorized 

based on capability on handling of the power and their switching speed to maximize the 

voltage blocking and carrying current. 

Achieving high efficiency, this is a key factor in the modern-day power convertors and 

defined for saving energy and reducing losses. It is a challenging task to achieve a desirable 

efficiency in convertors; for obtaining a great efficiency compromising between power density 

and quality is necessary. 
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Reducing the total loss is achievable by reducing the switching frequency  and 

increasing the time of the switching which lead to increasing the EMI and decreasing  the 

converter quality as the output current/voltage ripple is increasing. 

3.4 Total Harmonic Distortion: 

Complexity of THD makes the concept very confusing and tough  to  grasp.  

Nevertheless, the concept will become easier to understand if broken down into different parts, 

such as the basic definitions of harmonics and distortion.  

According to the type of the loads (Non-linear, Linear), the quality of the power will get 

affected. This is due to the current drawn by the mentioned type of loads. 

• In such non-linear devices, the current is not proportional to applied voltage. 

• Mostly, odd harmonics are present in the system. 

• Majority of nonlinearities in the system can be found in shunt elements loads. 

Figure 3.6 Power System with AC source and electrical load 

Linear loads in general do not distort the waveforms; they draw current which is 

sinusoidal in nature. Linear loads mostly used in households appliances. On the other hand, 

none-linear loads draw current wave which is not perfectly sinusoidal. Voltage wave-distortion 

are generated, since the current-wave deviated from sin-wave. 

Figure 3.23 Ideal sine wave 
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Figure 3.7 Distorted waveform 

However, no matter the level of complexity of the fundamental wave, it is actually just 

a composite of multiple waveforms called harmonics. Harmonics have frequencies that are 

integer multiples of the waveform’s fundamental frequency. For instance for the fundamental 

waveforms of 50Hz, the second, third, fourth and fifth harmonic component would be 100 Hz, 

150 Hz, 200Hz and 250Hz respectively. 

3.5  Voltage vs. Current Distortion: 

• The source of the shunt’s current harmonics along with injected current harmonic to 

the system appears to be the nonlinear loads. 

• The outcome of passing distorted currents through the linear will be in voltage 

distortion, series impedance of the power delivery system. 

• Harmonic currents passing through the impedance cause a voltage drop for each 

harmonic. This results in voltage harmonic appearing at the load bus. 

• Voltage distortion is the outcome of load current  harmonic and the  load has  no control 

over voltage distortion. 

• Current harmonic control is at the end-user applications. 

• Control over the voltage distortion, assuming the harmonic current injection is within 

reasonable limit, is exercised by the entity having control over the system impedance, 

which is often the utility. 
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CHAPTER 4 

CIRCUIT DESIGN AND ANALYSIS: 

4.1 Quasi-Z-Source Inverter(qZSI) 

The Quasi-Z-source/quasi impedance source inverter(qZSI) is an upgrade of impedance source 

inverter(ZSI). It offers various advantages compared to the ZSI itself and hence has been used 

in the Simulink model later. Upon doing the circuit analysis of the qZSI, we realize that almost 

all the equations for ZSI hold true for qZSI as well. 

The main differences between the ZSI and qZSI are: 

(1) The current drawn by qZSI is constant DC current while the ZSI draws discontinuous 

current from the source leading to less harmonics. 

(2) the applied voltage and consequently the size of capacitor C2 is greatly reduced than the 

regular ZSI. 

Because the source current drawn is constant and continuous for the qZSI, it is more suitable 

for application in PV and fuel cells. 

4.1.1 Circuit analysis of the Quasi-Z-Source Inverter(qZSI) 

The Figure 4.1 shows the traditional voltage fed ZSI and also the voltage fed qZSI respectively. 

 

Figure 4.1: (a)Voltage fed ZSI and (b) Voltage fed qZSI. 

As is the case with a regular ZSI, the qZSI also has two modes of operation i.e. the non shoot-

through and the shoot-through mode. The effective equivalent circuit of a qZSI under the non 

shoot-through and shoot-through mode can be seen in the Figure 4.1. In the non shoot-through 
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state of Figure 4.1(a), the inverter bridge/switches resemble a current source while the switches 

are shorted with VPN equal to zero in the case of shoot-through state in Figure 4.1(b). 

 

Figure 4.2: The qZSI equivalent circuit under (a) non-shoot-through and (b) shoot-through 

state. 

 The Figure 4.2 shows the voltage polarity and current flow directions. If the shoot 

through interval is Tsh during a switching cycle of time period T then the shoot through duty 

ratio is    D = Tsh/T . Similarly the non shoot-through interval is Tnsh  = T − Tsh. The Figure 

4.2(a) shows a regular non shoot-through state for Tnsh time period, thus the inductor voltage 

for L1 and L2 shall be 

𝑉𝐿1=Vin - 𝑉𝐶1 

𝑉𝐿2= - 𝑉𝐶2   

Similarly for Tnsh the DC link and diode voltage VPN and vdiode respectively are 

VPN = VC1 − vL2 = VC1 + VC2     &  Vdiode = 0 

The Figure 2.11(b) reflects the current directions and voltage of the system for the shoot-

through states Tsh, giving voltages  

VL1 = Vin + VC2, & VL2 = VC1,  -----(4.1) 

Similarly for Tsh the DC link and diode voltage VPN and vdiode respectively are 

VPN = 0 &  Vdiode = VC1 + VC2       ------(4.2) 
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Since the average of inductor voltage for a switching cycle is zero under steady state, from 

equation 4.1 and 4.2 we obtain 

𝑉𝐿1 =
𝑇𝑆𝐻(𝑉𝑖𝑛  +  𝑉𝐶2) + 𝑇𝑁𝑆𝐻(𝑉𝑖𝑛 −  𝑉𝐶1)

𝑇
= 0 

𝑉𝐿2 =
𝑇𝑆𝐻(𝑉𝐶1) + 𝑇𝑁𝑆𝐻(− 𝑉𝐶2)

𝑇
= 0 

consequently 

𝑉𝐶1 =
𝑇𝑁𝑆𝐻

𝑇𝑁𝑆𝐻 − 𝑆𝐻
∗ 𝑉𝑑𝑐 =

1 − 𝐷

1 − 2𝐷
𝑉𝑑𝑐 ;      𝑉𝐶2 =

𝑇𝑆𝐻

𝑇𝑁𝑆𝐻 − 𝑇𝑆𝐻
∗ 𝑉𝑑𝑐 =

𝐷

1 − 2𝐷
𝑉𝑑𝑐 

VPN = VC1 + VC2 = B Vin 

where B is the boost factor of the qZSI. If the system power rating is assumed P then we can 

calculate the average current across inductors L1, L2 as 

IL1 = IL2 = Iin = P/Vin     

Using Kirchhoff’s current law and the equation for capacitor and diode current, 

we get 

IC1 = IC2 = IPN − IL1 & ID = 2IL1 = IPN 

4.2 Designing qZSI impedance network 

The impedance network of the qZSI is comprised of the capacitors C1, C2 and the inductors 

L1, L2. The carrier wave frequency is 10 kHz, so the shoot through frequency fs for simple 

boost control method is twice of the carrier wave frequency, hence 20 kHz. Since the system 

operates in boost control mode in our project, we can calculate the maximum shoot through 

interval T0−max 

𝑇𝑜−𝑚𝑎𝑥 =
2 − 𝑠𝑞𝑟𝑡(3) ∗ 𝑀𝑚𝑖𝑛

𝑓𝑠
 

Capacitor Design 

ΔV𝐶1 =
𝑖𝐶1∗Δt

𝐶1
 ------(1)  
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If carrier frequency is 𝑓𝑠 then the switching frequency for capacitor=2𝑓𝑠 for Simple Boost 

Control method. 

 

Δt =
𝐷

2∗𝑓𝑆
 ------(2)  

 

In the shoot through state for the quasi Z-Source inverter  

 

𝑖𝐶1=𝑖𝐿2 ------(3) 

 

From equation (1),(2) and (3) we have  

 

C1 =
i𝐿2∗𝐷

2∗𝑓𝑠∗ΔV𝐶1
   -------(4) 

 

If change in the capacitor voltage is limited by 

Δ𝑉𝐶1,𝐶2≤𝑎𝑉𝐶1,𝐶2 where a is a constant  -----(5) 

 

From (4) and (5) we have C1 ≥
i𝐿2∗𝐷

2∗𝑓𝑠∗a V𝐶1
    -----(6) 

 

For QZSI we have 

 

𝑉𝐶1 =
𝑇1

𝑇1−𝑇0
∗ 𝑉𝑑𝑐 =

1−𝐷

1−2𝐷
𝑉𝑑𝑐 ;      𝑉𝐶2 =

𝑇0

𝑇1−𝑇0
∗ 𝑉𝑑𝑐 =

𝐷

1−2𝐷
𝑉𝑑𝑐   -------(7) 

 

In the same way the capacitance 𝐶2 will be  

C1 ≥
i𝐿1 ∗ 𝐷

2 ∗ 𝑓𝑠 ∗ a V𝐶2
 

 

Inductor Design 

The generalized formula we have 

Δi𝐿1 =
𝑉𝐿1∗Δt

𝐿1
   -----(8) 

 

In the shoot through state for the quasi Z-Source inverter 

𝑉𝐿1=𝑉𝐶1+𝑉𝐶2 -----(9) 

 

𝑉𝐿2=𝑉𝐶1  -----(10) 

 

From (8),(9)and (10) we have 

 

L1 =
(V𝐶1+V𝐶2)𝐷

2∗𝑓𝑠∗Δi𝐿1
   -----(11) 

 

If the change in inductor current is limited by the value 

 

Δ𝑖𝐿1,𝐿2≤𝑏𝑖𝐿1,𝐿2 where b is a constant  ------(12) 
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From (11) and (12) we have  

  

L1 ≥
(V𝐶1+V𝐶2)𝐷

2∗𝑓𝑠∗b∗Δi𝐿1
    

 

In the same way the inductance 𝐿2 is calculated by  

 

L2 ≥
(V𝐶1)𝐷

2∗𝑓𝑠∗b∗Δi𝐿2
    

 The value of T0−max is obtained as 26 μsec for Mmin=0.85. The function of the 

inductors in the impedance network of qZSI is to limit the ripple in the current during boosting. 

For convenience sake the inductance of L1= L2=L. 

𝐿 =
𝑉𝐿 ∗ Δt

ΔI
 

 The value of inductance is calculated as 300 μH. Upon simulation the value of 

inductance was varied and optimal value was found to be 100 μH. 

 Similarly the calculation of the capacitance value is also done. During the non shoot-

through state the capacitors are in series. The function is to reduce the ripple content of voltage 

on the inverter bridge and consequently the harmonic distortion of the inverter output as well. 

The value of capacitors are not same but again for the sake of convenience the values of C1 and 

C2 are taken equal as C1=C2=C. It is to be noted that in case of ZSI the values of the 

capacitance C1=C2 and for inductance L1= L2. This is not the case in qZSI during practical 

conditions where the capacitance value C2 is quite small compared to C1. But in order to make 

the calculation and simulation easier, such an assumption has been taken here. 

𝐶 = 2 ∗
I𝐶ΔT

Δ(V𝐶1+V𝐶2)
 =300 μF. 

Optimised value of the inductance L and capacitance C were found to be 100 μ H 300 μ F 

respectively. The others values for filter and R and r have been optimised by simulations. 

4.3 Control strategy of qZSI 

The main control strategies of qZSI are the following three: 

• Simple boost control, 

• Maximum boost control, 

• Maximum constant boost control 
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Figure 4.3 : Implementation of a qZSI to grid connected PV arrays. 

In the Simulink model of qZSI, the implementation of control strategy is similar to simple 

boost control since it is the simplest of all control strategies. 

Method 1: Simple Boost Control 

 
Fig 4.4 Simple boost Control Method 
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Method 2a: Maximum Boost Control 

 
Fig 4.5 Maximum boost Control Method 

 

Method 2b: Maximum Boost Control with third harmonic for improved M.I 

 
Fig 4.6 Maximum boost Control Method with Third Harmonic 
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Method3: Maximum Constant Boost Control 

 

 
Fig4.7: Maximum boost Control Method with Third Harmonic (OR) 
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4.4 Performance Analysis of the Modulation schemes 

4.4.1 Three-phase PWM Voltage Source Inverter 

 With the same topology as that of a conventional VSI, a voltage-type-source inverter 

can  assume all active (finite output voltage) and null (0 V output voltage) switching states of 

VSI. But unlike the conventional VSI where dead-time delays are inserted to the 

complementary switching of the two switches of a phase-leg to prevent short-circuiting of  the 

phase  leg. A voltage-type-source inverter has the unique feature of allowing both power 

switches of a phase-leg to be turned ON simultaneously (shoot-through state) without 

damaging the inverter.  

Figure 4.8  inverter switching 

4.4.2 Continuous PWM—State Sequence, and Sawtooth Carrier 

Table (4.1) lists the fifteen switching states of a three-phase leg source inverter. 

Switches S1 S2 S3 S4 S5 S6 

Active state(finite) ON OFF OFF OFF ON ON 

Active state(finite) ON ON ON OFF OFF OFF 

Active state(finite) OFF OFF OFF ON ON ON 

Active state(finite) OFF OFF ON ON ON OFF 

Active state(finite) OFF ON ON ON OFF OFF 
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Active state(finite) ON ON OFF OFF OFF ON 

Zero state (0V) ON OFF ON OFF ON OFF 

Zero state(0V) OFF ON OFF ON OFF ON 

Shoot-Through-SH1(0V) ON OFF OFF ON OFF OFF 

Shoot-Through-SH2(0V) OFF OFF ON OFF OFF ON 

Shoot-Through-SH3(0V) OFF ON OFF OFF ON OFF 

Shoot-Through-SH4(0V) ON OFF ON ON OFF ON 

Shoot-Through-SH5(0V) ON ON OFF ON ON OFF 

Shoot-Through-SH6(0V) OFF ON ON OFF ON ON 

Shoot-Through-SH7(0V) ON ON ON ON ON ON 

Table 4.1 switching states of a three-phase-leg -source inverter 

In addition to the six active and two null states associated with a conventional VSI, the 

HPB-QZS inverter has seven shoot-through states representing the short-circuiting of a 

phase-leg (shoot-through states SH1 to SH3), two phase-legs (shoot-through states SH4 to SH6) 

or all three-phase legs (shoot-through state SH7). These shoot-through states again boost 

the DC-link capacitor voltages and can partially supplement the null states within a fixed 

switching cycle without altering the normalized volt–sec average, since both states similarly 

short-circuit the inverter three-phase output terminals, producing 0 V producing 0 V across 

the AC load. Shoot-through states can therefore be inserted to existing PWM state patterns 

of a conventional VSI to derive different modulation strategies for controlling a three-

phase-leg -source inverter.  

 

Figure 4.9 shoot-through time period 
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The active states {1 0 0} and {1 1 0} are left/right shifted accordingly by 𝑇0/6 with their 

time interval kept constant, and the remaining two shoot-through states are lastly inserted 

within the null interval, immediately adjacent to the left of the first state transition and to the 

right of the second transition. This way of sequencing inverter states also ensures a single 

device switching at all transitions, and allows the use of only shoot-through states 𝑆1, 𝑆2, and 

𝑆3. The other shoot-through states cannot be used since they require the switching of the least 

two phase-legs at every transition.  

 4.4.3 Three Phase SPWM Inverter Pulses 

This section elaborates on some basic inverter circuit  topologies.  The  square  wave 

and PWM operation are described along with the harmonic spectrum of the output voltages. 

Sinusoidal pulse width modulation is composed of three sinusoidal waveform with the same 

amplitude and same frequency where phase shifted by 1200.The three phase load can be 

shorted either by having all three top devices or all three bottom devices ON, which they 

corresponded to zero state because there is no power flow between the DC side and AC side 

during this state and the load is fully shorted. 

 

Figure 4.10 Reference signal (three phase sinusoidal waveform) 
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CHAPTER 5 

RESULTS AND CONCLUSION 

The Bidirectional Qusi Impedance Source Inverter (BQZSI) simulation was done with different 

control techniques as discussed in chapter 4. The DC link voltage, Capacitor voltages and 

source current plots are as shown in the Figure 5.2 below. The voltage VPN, Load voltage and 

currents along with VSC output voltage waveform is as shown in fig 5.3. The load torque 

applied to Induction Motor is varied as: During 0 to 0.4 & 0.8 to 1.2 positive torque is applied 

resulting in Motoring mode, During 0.4 to 0.8 negative torque is applied resulting in 

Regenerative mode. In regenerative mode of operation flow of current gets reversed with the 

control of switch S7 in complement with the Shoot through state. Shoot through pulses 

obtained are as shown in fig 5.4. 

 
 

  
Fig5.1: Simulink Model of BQZSI and its Controller 

 



 
 

 Page 35 
 

 
Fig 5.2: (a) Dc link voltage, (b) C1 voltage, (c) C2 Voltages and (d) Source Current Waveforms 

 

 
Fig 5.3: (a) VSC output voltage, (b) Load voltage (c) current and (d)VPN Voltage Waveforms 

 

 
Fig 5.4 Shoot Through Pulses 
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Fig 5.5: Induction Motor current, Speed and Torque 

 

 
Fig 5.6: FFT Analysis of phase current using Simple Boost Control (THD=0.87%) 

 
Fig 5.7: FFT Analysis of phase voltage using Simple Boost Control (THD=3.41%) 



 
 

 Page 37 
 

 
Fig 5.8: FFT Analysis of phase current using Maximum Boost Control (THD=4.33%) 

 

 
Fig 5.9: FFT Analysis of phase voltage using Maximum Boost Control (THD=2.87%) 
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Fig 5.10: FFT Analysis of phase current using Maximum Constant Boost Control 

(THD=0.75%) 

 
Fig5.11: FFT Analysis of phase voltage using Maximum Constant Boost Control(THD=2.99%) 

 

The THD analysis of QSI using different control methods are compared and it was observed 

that BQZSI with Maximum Constant Boost Control method results in less total harmonic 

distortion. The quasi Z Source inverter has several advantages ; First of all, the source stress is 

highly  reduced using the Quasi Z-source inverter when compared to the conventional Z-source 

inverter topolology .Second, the Size and the ratings of the passive components are also 

reduced ,thus it is more economical. Third, the control strategies are greatly simplified when 

compared to other topologies of Z source inverters. Fourth, the input current is continuous 

which is not at all possible in the traditional Z source inverter and at last, because of the reverse 

blocking effect of the diode the inrush current during starting is also reduced. So that the 

reliability and the stability of the system are highly improved. The THD value of the output 

waveform of Quasi Z source inverter is very much lower than that of the THD values of output 

waveforms of Embedded Z source inverter and single stage Inverter . The voltage during fault 

condition is also higher in the case of Quasi Z source inverter, hence it can be concluded that 

Quasi Z source inverters have the best ride through capability among all three topologies 

analyzed.  
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ABSTRACT

           This project deals with design of  a single-phase to three-phase drive

system composes of two parallel  single-phase rectifiers,  a three-phase inverter,

and an induction motor. The  Simlink model of single phase to three phase drive

system is analyze by using MATLAB/SIMLINK.
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CHAPTER-1

INTRODUCTION

Several solutions have been proposed when the objective is to supply three-phase

motors from a single-phase ac main [1]-[9]. It is quite common to have only a single

phase power grid in residential,  commercial,  manufacturing, and mainly in rural areas,

while the adjustable speed drives may request a three-phase power grid. Single-phase to

three-phase ac–dc–ac conversion usually employs a full-bridge topology, which implies

in ten power switches. This converter is denoted here as conventional topology. 

Harmonic problems are almost always introduced by the consumer equipment and

installation practices. Harmonic distortion is caused by the high use of non-linear load

equipment  such  as  computer  power  supplies,  electronic  ballasts,  compact  fluorescent

lamps  and  variable  speed  drives  etc,  which  create  high  current  flow  with  harmonic

frequency  components.  The  limiting  rating  for  most  electrical  circuit  elements  is

determined by the amount of heat that can be dissipated to avoid overheating of bus bars,

circuit breakers, neutral conductors, transformer windings or generator alternators.  THD

is  defined  as  the  RMS  value  of  the  waveform  remaining  when  the  fundamental  is

removed. A perfect sine wave is 100%, the fundamental is the system frequency of 50 or

60Hz. Harmonic distortion is caused by the introduction of waveforms at frequencies in

multiplies of the fundamental

A more efficient technique employs  pulse width modulation (PWM) to produce

the constant current through the coil. A PWM signal is not constant. Rather, the signal is

on for part of its period, and off for the rest. The duty cycle(D), refers to the percentage of

the period for which the signal is on. 

Parallel  converters have been used to improve the power capability,  reliability,

efficiency, and redundancy. Parallel converter techniques can be employed to improve the

performance of active power filters [10]-[13], uninterruptible power supplies (UPS) [14]-

[16], fault tolerance of doubly fed induction generators [17], and three-phase drives [18],

[19].

 Usually the operation of converters in parallel requires a transformer for isolation.

However, weight, size, and cost associated with the transformer may make such a solution

undesirable [20]. When an isolation transformer is not used, the reduction of circulating

1



currents among different converter stages is an important objective in the system design . 

   In  this  paper,  a  single-phase  to  three-phase drive  system composed of  two

parallel  single-phase  rectifiers  and  a  three-phase  inverter  is  proposed.  The  proposed

system is conceived to operate where the single-phase utility grid is the unique option

available.

 Compared to the conventional topology, the proposed system permits:

 To reduce the rectifier switch currents,

 The total harmonic distortion (THD) of the grid current with same switching frequency or

the switching frequency with same THD of the grid current, and

 To increase the fault tolerance characteristics.

 In addition,  the losses of the proposed system may be lower than that of the

conventional counterpart. The aforementioned benefits justify the initial investment of the

proposed system, due to the increase of number of switches.

Organization of the Thesis:-

The organization of the thesis is in the following order. 

Chapter 1 - In this chapter introduction of the project have been discussed. 

Chapter 2 - Various Pulse Width Modulation techniques and harmonic distortion are 

presented in this chapter. 

Chapter 3 - This chapter explains the operation and types of Inverters and Rectifiers.

Chapter 4 - This chapter presents about the Induction Motor and Induction Motor Drive 

in detail.

Chapter 5 - In this chapter explains about single-phase to three-phase Drive system using

two single phase Parallel Rectifiers and the  simulation results are presented and the 

simulation studies have been carried out using Matlab-Simulink. 
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CHAPTER-2

PULSE WIDTH MODULATION

Pulse Width Modulation (PWM) is the most effective means to achieve constant

voltage battery charging by switching the solar system controller’s power devices. When

in PWM regulation,  the current  from the solar array tapers according to  the battery’s

condition  and  recharging  needs  Consider  a  waveform  such  as  this:  it  is  a  voltage

switching between 0v and 12v. It is fairly obvious that, since the voltage is at 12v for

exactly as long as it is at 0v, then a 'suitable device' connected to its output will see the

average voltage and think it is being fed 6v - exactly half of 12v. So by varying the width

of the positive pulse - we can vary the 'average' voltage shown in Fig 2.1.

Fig 2.1: average voltage when switching between 0v and 12v.

Similarly, if the switches keep the voltage at 12 for 3 times as long as at 0v, the average

will be 3/4 of 12v - or 9v, as shown in Fig 2.2.

Fig 2.2: average voltage 3/4 of 12v or 9v.

& if the output pulse of 12v lasts only 25% of the overall time, then the average is shown

in Fig 2.3.

Fig 2.3: average voltage at 25% of overall time.

            By varying - or 'modulating' - the time that the output is at 12v (i.e. the width of

the  positive  pulse)  we  can  alter  the  average  voltage.  So  we  are  doing  'pulse  width

3



modulation'. I said earlier that the output had to feed 'a suitable device'. A radio would not

work from this: the radio would see 12v then 0v, and would probably not work properly.

However a device such as a motor will respond to the average, so PWM is a natural for

motor control.

2.1 PULSE WIDTH MODULATOR:

So,  how do we generate  a  PWM waveform? It's  actually  very easy,  there  are

circuits available in the TEC site. First you generate a triangle waveform as shown in the

diagram below. You compare this with a d.c voltage, which you adjust to control the ratio

of on to off time that you require. When the triangle is above the 'demand' voltage, the

output goes high. When the triangle is below the demand voltage.

Fig 2.4: Output voltage high when triangular input is above demand voltage.

                  When the demand speed it in the middle (A) you get a 50:50 output, as in

black. Half the time the output is high and half the time it is low. Fortunately, there is an

IC (Integrated  circuit)  called  a comparator:  these come usually 4 sections  in a  single

package. 

2.2 PWM CONTROLLER FEATURES:

               This controller offers a basic “Hi Speed” and “Low Speed” setting and has the

option to use a “Progressive” increase between Low and Hi speed. Low Speed is set with

a trim pot inside the controller box. Normally when installing the controller, this speed

will be set depending on the minimum speed/load needed for the motor. Normally the

controller keeps the motor at this Lo Speed except when Progressive is used and when Hi

Speed is  commanded (see below).  Low Speed can vary anywhere from 0% PWM to

100%. 

              Progressive control is commanded by a 0-5 volt input signal. This starts to

increase PWM% from the low speed setting as the 0-5 volt signal climbs. This signal can
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be generated from a throttle position sensor, a Mass Air Flow sensor, a Manifold Absolute

Pressure sensor or any other way the user wants to create a 0-5 volt signal. This function

could be set to increase fuel pump power as turbo boost starts to climb (MAP sensor). 

2.3 APPLICATION OF PWM TECHONOLGY:

      The benefits noted above are technology driven. The more important question is how

the PWM technology Jumping from a 1970’s technology into the new millennium offers:

• Longer battery life:

– reducing the costs of the solar system

– reducing battery disposal problems

• More battery reserve capacity:

– increasing the reliability of the solar system

– reducing load disconnects

– opportunity to reduce battery size to lower the system cost

• Greater user satisfaction:

– get more power when you need it for less money.

2.4  SINUSOIDAL PULSE WIDTH MODULATION:

In  many  industrial  applications,  Sinusoidal  Pulse  Width  Modulation  (SPWM),

also called Sine coded Pulse Width Modulation,  is used to control the inverter  output

voltage. SPWM maintains good performance of the drive in the entire range of operation

between  zero  and  78  percent  of  the  value  that  would  be  reached  by  square-wave

operation.  If  the  modulation  index  exceeds  this  value,  linear  relationship  between

modulation index and output voltage is not maintained and the over-modulation methods

are required

2.5 SPACE VECTOR MODULATION:

  The amplitude of u0 and u7 equals 0. The other vectors u1…u6 have the same

amplitude and are 60 degrees shifted.

By varying the relative on-switching time Tc of the different vectors, the space

vector u* and also the output voltages ua, ub and uc can be varied and is defined as:
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Fig 2.5:Inverter output voltage space vector

ua = Re ( u* )

ub = Re ( u* . a-1)

 uc = Re ( u* . a-2) 

During a switching period Tc and considering for example the first  sector, the

vectors u0, u1 and u2 will be switched on alternatively

. 

Fig 2.6:Representation of space vector

Definition of the Space vector

Depending on the switching times t0, t1 and t2 the space vector u* is defined as:

u* = 1/Tc . ( t0 . u0 + t1 . u1 + t2 . u2 )

u* = t0 . u0 + t1 . u1 + t2 . u2

u* = t1 . u1 + t2 . u2                   ………….. (2.3)

Where

t0 + t1 + t2 = Tc and

t0 + t1 + t2 = 1

t0, t1 and t2 are the relative values of the on switching times.

 They are defined as: t1 = m . cos ( a + p/6)

t2 = m . sin a

t0 = 1 - t1 - t2

Their values are implemented in a table for a modulation factor m = 1. Then it will
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be easy to calculate the space   vector u* and the output voltages ua, ub and uc. The

voltage vector u* can be provided directly by the optimal vector control laws w1, vsa and

vsb. In order to generate the phase voltages ua, ub and uc corresponding to the desired

voltage vector u* the following SVM strategy is proposed.

2.6 HARMONICS:

The typical definition for a harmonic is “a sinusoidal component  of a periodic

wave  or  quantity  having  a  frequency  that  is  an  integral  multiple  of  the  fundamental

frequency”  .  some references  refer  to  “clean”  or  “pure”  power  as  those  without  any

harmonics.  But such clean waveforms typically  only exist  in  a laboratory.  Harmonics

have been around for a long time and will continue to do so. In fact, musicians have been

aware of such since the invention of the first string or woodwind instrument. Harmonics

(called  “overtones”  in  music)  are  responsible  for  what  makes  a  trumpet  sound like a

trumpet, and a clarinet like a clarinet.

Electrical generators try to produce electric power where the voltage waveform

has  only  one  frequency  associated  with  it,  the  fundamental  frequency.  In  the  North

America, this frequency is 60 Hz, or cycles per second. In European countries and other

parts of the world, this frequency is usually 50 Hz. Aircraft often uses 400 Hz as the

fundamental  frequency.  At  60  Hz,  this  means  that  sixty  times  a  second,  the  voltage

waveform  increases  to  a  maximum  positive  value,  then  decreases  to  zero,  further

decreasing to a maximum negative value, and then back to zero. The rate at which these

changes occur is the trigonometric function called a sine wave, as shown in Fig 2.1 this

function occurs in many natural phenomena, such as the speed of a pendulum as it swings

back and forth, or the way a string on a violin vibrates when plucked.

The frequency of the harmonics is different, depending on the fundamental frequency. For

example, the 2nd harmonic on a 60 Hz system is 2*60 or 120 Hz. At 50Hz, the second

harmonic is 2* 50 or 100Hz. 300Hz is the 5th harmonic in a 60 Hz system, or the 6th

harmonic in a 50 Hz system.

In  order  to  be  able  to  analyze  complex  signals  that  have  many  different  frequencies

present, a number of mathematical methods were developed. One of the more popular is

called the Fourier Transform. However, duplicating the mathematical steps required in a

microprocessor  or  computer-based  instrument  is  quite  difficult.  So  more  compatible
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processes,  called  the  FFT  for  Fast  Fourier  transform,  or  DFT  for  Discrete  Fourier

Transform, are used.

Fig.2.7 Fundamental with two harmonics

  These  methods  only  work  properly  if  the  signal  is  composed  of  only  the

fundamental and harmonic frequencies in a certain frequency range (called the Nyquist

frequency, which is one-half of the sampling frequency).

             

2.7 TOTAL HARMONIC DISTORTION:

         Harmonic problems are almost always introduced by the consumers’ equipment and

installation practices. Harmonic distortion is caused by the high use of non-linear load

equipment  such  as  computer  power  supplies,  electronic  ballasts,  compact  fluorescent

lamps  and  variable  speed  drives  etc,  which  create  high  current  flow  with  harmonic

frequency  components.  The  limiting  rating  for  most  electrical  circuit  elements  is

determined by the amount of heat that can be dissipated to avoid overheating of bus bars,

circuit breakers, neutral conductors, transformer windings or generator alternators. 

            THD is defined as the RMS value of the waveform remaining when the

fundamental is removed. A perfect sine wave is 100%, the fundamental is the system

frequency of 50 or 60Hz. Harmonic distortion is caused by the introduction of waveforms

at frequencies in multiplies of the fundamental ie: 3rd harmonic is 3x the fundamental

frequency / 150Hz. Total harmonic distortion is a  easurement of the sum value of the

waveform that is distorted.

8



Fig 2.8: Harmonic distortion

The switch in the simple inverter described above, when not coupled to an output

transformer, produces a square voltage waveform due to its simple off and on nature as

opposed to the sinusoidal waveform that is the usual waveform of an AC power supply.

Using Fourier  analysis, periodic waveforms  are  represented  as  the  sum  of  an  infinite

series of sine waves. The sine wave that has the same frequency as the original waveform

is called the fundamental component. The other sine waves, called harmonics, that are

included in  the series  have frequencies  that  are  integral  multiples  of  the fundamental

frequency.

The quality of the inverter output waveform can be expressed by using the Fourier

analysis  data  to  calculate  the total  harmonic  distortion (THD).  The  total  harmonic

distortion is the square root of the sum of the squares of the harmonic voltages divided by

the fundamental voltage:       
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CHAPTER-3

 INVERTERS & RECTIFIER

3.1 INVERTERS (DC- AC CONVERTER) :

An inverter is an electrical device that converts direct current (DC) to alternating

current (AC); the converted AC can be at any required voltage and frequency with the use

of appropriate transformers, switching, and control circuits.

Solid-state  inverters  have  no  moving  parts  and  are  used  in  a  wide  range  of

applications,  from  small switching  power  supplies in  computers,  to  large electric

utility high-voltage  direct  current applications  that  transport  bulk  power.  Inverters  are

commonly used to supply AC power from DC sources such as solar panels or batteries.

3.1.1 CIRCUIT DESCRIPTION:

          In one simple inverter circuit, DC power is connected to a transformer through the

centre tap of the primary winding. A switch is rapidly switched back and forth to allow

current to flow back to the DC source following two alternate paths through one end of

the primary winding and then the other. The alternation of the direction of current in the

primary winding of the transformer produces alternating current (AC) in the secondary

circuit.

Fig.3.1: Simple inverter circuit shown with an electro-mechanical switch
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Fig.3.2: Square waveform with fundamental sine wave component, 3rd harmonic

and 5th harmonic

The electromechanical  version  of  the switching device  includes  two stationary

contacts and a spring supported moving contact. The spring holds the movable contact

against one of the stationary contacts and an electromagnet pulls the movable contact to

the opposite stationary contact.

3.1.2 TYPES OF INVERTERS:

1. VOLTAGE SOURCE INVERTER (VSI)

2. CURRENT SOURCE INVERTER (CSI)

3.2 SINGLE-PHASE VOLTAGE SOURCE INVERTERS (VSI) :

Single-phase voltage source inverters (VSIs) can be found as half-bridge and full-

bridge topologies. Although the power range they cover is the low one, they are widely

used in power supplies, single-phase UPSs, and currently to form elaborate high-power

static  power  topologies,  such  as  for  instance,  the  multi  cell  configurations  that  are

reviewed. The main features of both approaches are reviewed and presented in different

types as follows.

3.2.1 FULL-BRIDGE VSI:

The power topology of a full-bridge VSI. This inverter is similar to the half-bridge

inverter; however, a second leg provides the neutral point to the load. As expected, both

switch S1
+. And S1

- (or S2
+ and S2

-) cannot be on simultaneously because a short circuit

across the dc link voltage source vi would be produced. There are four defined and one

undefined  

The undefined condition should be avoided so as to be always capable of defining
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the  ac  output  voltage.  In  order  to  avoid  the  short  circuit  across  the  dc  bus  and  the

undefined ac output voltage condition, the modulating technique should ensure that either

the top or the bottom switch of each leg is on at any instant. It can be observed that the ac

output voltage can take values up to the dc link value Vi , which is twice that obtained

with half-bridge VSI topologies. Several modulating techniques have been developed that

are  applicable  to  full-bridge VSIs.  Among them are  the PWM (bipolar  and unipolar)

techniques.

Fig.3.3:Single-phase full-bridge VSI

3.3 CURRENT SOURCE INVERTERS (CSI) :

The main objective of these static power converters is to produce ac output current

waveforms from a dc current  power supply.  For sinusoidal  ac outputs,  its  magnitude,

frequency, and phase should be controllable. Due to the fact that the ac line currents ioa,

iob, and ioc feature high di=dt, a capacitive filter should be connected at the ac terminals in

inductive load applications (such as ASDs).

Thus, nearly sinusoidal load voltages are generated that justifies the use of these

topologies  in  medium-voltage  industrial  applications,  where  high-quality  voltage

waveforms are required.

Fig.3.4: Current source inverter
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             Should be closed at any time, the dc bus is of the current-source type and thus it

cannot be opened; therefore, there must be at least one top switch and one bottom switch

(closed at all times. Note that both constraints can be summarized by stating that at any

time, only one top switch and one bottom switch must be closed. 

3.4 APPLICATIONS:

 DC POWER SOURCE UTILIZATION

An inverter  converts  the  DC electricity  from sources  such  as batteries,  solar,

or fuel cells to AC electricity. The electricity can be at any required voltage; in particular

it can operate AC equipment designed for mains operation, or rectified to produce DC at

any desired voltage.

Micro-inverters convert direct current from individual solar panels into alternating

current for the electric grid. They are grid tie designs by default.

 UNINTERRUPTIBLE POWER SUPPLIES

An uninterruptible  power supply (UPS) uses batteries and an inverter to supply

AC  power  when  main  power  is  not  available.  When  main  power  is  restored,

a rectifier supplies DC power to recharge the batteries.

 INDUCTION HEATING

Inverters convert  low frequency main AC power to a higher frequency for use

in induction heating. To do this, AC power is first rectified to provide DC power. The

inverter then changes the DC power to high frequency AC power.

 HVDC POWER TRANSMISSION

With HVDC power  transmission,  AC  power  is  rectified  and  high  voltage  DC

power is transmitted to another location. At the receiving location, an inverter in a static

inverter plant converts the power back to AC.
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 VARIABLE-FREQUENCY DRIVES

A variable-frequency  drive controls  the  operating  speed  of  an  AC  motor  by

controlling the frequency and voltage of the power supplied to the motor. An inverter

provides  the  controlled  power.  In  most  cases,  the  variable-frequency  drive  includes

a rectifier so that DC power for the inverter can be provided from main AC power.

 ELECTRIC VEHICLE DRIVES

Adjustable speed motor control inverters are currently used to power the traction

motors in  some electric and diesel-electric rail  vehicles  as  well  as  some battery  electric

vehicles and hybrid electric highway vehicles such as the Toyota Prius and Fisker Karma.

3.5 PARALLEL CONNECTION OF INVERTERS:

Fig.3.5: Parallel Connection of Two Three-Phase Inverters

In parallel operation, two or more inverters are tied together to share the load. In

this paper, a system of two units will be discussed for convenience.  Fig 4 shows two

inverters which are directly connected at input and output ends. The parallel connection

done for the two bridges such that the dc side filters and the ac side filter are common for

the two parallel inverters. 
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     The current sharing depends on the IGBT’s Q1A and Q1B, If VCE1A not equal to

VCE1B as a result IdA
+ will not be equal to IdB

+.

Fig.3.6 Circulating Current during One Switching Cycle

To maintain similar current sharing between the two inverters series resistor R1

and R2 added between each leg of the six legs and the common point. 

3.5.1 MODES OF OPERATION:

The proposed configuration can be discussed in six modes of operation as shown

in  Table  3.1  considering  the  three-phase  waveform shown in  Fig  3.8  The  modes  of

operation are discussed below

Fig 3.7: Three-phase waveform with six modes of operation

Table 3.1: The state of switches over 2π interval
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MODE1:

Phase a and phase c are in a positive cycle whereas phase b is in negative cycle.

The DC voltage VDC applied to the inverter output through six switches Q1A, Q1B, Q4A, Q4B,

Q5A, and Q5B.

MODE 2:

Phase a is in a positive cycle whereas phase b and phase c are in the negative

cycle. The DC voltage VDC applied to the inverter output through six switches Q1A, Q1B,

Q4A, Q4B, Q6A, and Q6B .

MODE 3:

Phase a and phase b are in a positive cycle whereas phase c is in negative cycle.

The DC voltage VDC applied to the inverter output through six switches Q1A, Q1B, Q3A, Q3B,

Q6A, and Q6B.

MODE 4:

Phase a and phase c are in a negative cycle whereas phase b is in positive cycle.

The DC voltage VDC applied to the inverter output through six switches Q3A, Q3B, Q2A, Q2B,

Q6A, and Q6B.

MODE 5:

Phase a is negative in a cycle whereas phase b and phase c are in positive cycle.

The DC voltage VDC applied to the inverter output through six switches Q3A, Q3B, Q2A, Q2B,

Q5A, and Q5B.

Mode 6:

Phase a and phase b are in a negative cycle whereas phase c is in positive cycle.

The DC voltage VDC applied to the inverter output through six switches Q5A, Q5B, Q2A, Q2B,

Q4A, and Q4B.
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3.5.2 EFFICIENCY OF PARALLEL CONNECTED INVERTER:

The power dissipation (PD) and the efficiency ( ) in the three phase inverter can

be calculated as follows:

Where PD is the power dissipation of the inverter, PDC is the DC source power,

and PAC is the inverter output power. Assuming ripple free current on the DC source, and

unity power factor on the AC side the input power and the output power are calculated as:

3.6 PEAK LOSS:

An aspect of most rectification is a loss from the peak input voltage to the peak

output voltage, caused by the built-in voltage drop across the diodes (around 0.7 V for

ordinary  silicon  p-n-junction  diodes  and  0.3  V  for  Schottky  diodes).  Half-wave

rectification and full-wave rectification using two separate secondaries will have a peak

voltage loss of one diode drop. Bridge rectification will have a loss of two diode drops.

This may represent significant power loss in very low voltage supplies. In addition, the

diodes will not conduct below this voltage, so the circuit is only passing current through

for a portion of each half-cycle, causing short segments of zero voltage to appear between

each "hump".

3.7 RECTIFIER OUTPUT SMOOTHING:

While  half-wave  and  full-wave  rectification  suffice  to  deliver  a  form  of  DC

output,  neither  produces  constant-voltage  DC. In order  to  produce steady DC from a

rectified AC supply, a smoothing circuit or filter is required. In its simplest form this can

be  just  a reservoir  capacitor or  smoothing  capacitor,  placed  at  the  DC output  of  the

rectifier. There will still remain an amount of AC ripple voltage where the voltage is not

completely smoothed.
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  Fig.3.8: RC-Filter Rectifier: This circuit was designed and simulated using

Multisim 8 software.

Sizing of the capacitor represents a tradeoff. For a given load, a larger capacitor

will  reduce  ripple  but  will  cost  more  and  will  create  higher  peak  currents  in  the

transformer secondary and in the supply feeding it. 

A rectifier diode (silicon controlled rectifier) and associated mounting hardware.

The heavy threaded stud helps remove heat.

The primary application of rectifiers is to derive DC power from an AC supply.

Virtually  all  electronic  devices  require  DC,  so  rectifiers  find  uses  inside  the  power

supplies of virtually all electronic equipment.

Rectifiers are also used to supply polarised voltage for welding. In such circuits

control of the output current is required and this is sometimes achieved by replacing some

of the diodes in bridge rectifier with thyristors, whose voltage output can be regulated by

means of phase fired controllers.

Thyristors are used in various classes of railway rolling stock systems so that fine

control  of  the  traction  motors  can  be  achieved. Gate  turn-off  thyristors are  used  to

produce alternating current from a DC supply, for example on the Euro star Trains to

power the three-phase traction motors. 
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CHAPTER-4

 INDUCTION MOTOR

4.1 HISTORICAL REVIEW:

The history of electrical motors goes back as far as 1820, when Hans Christian

Oersted discovered the magnetic effect of an electric current.  One year later,  Michael

Faraday discovered the electromagnetic rotation and built the first primitive D.C. motor.

Faraday went on to discover electromagnetic induction in 1831, but it was not until 1883

that Tesla invented the A.C asynchronous motor.

In  1882,  Nikola  Tesla  identified  the  rotating  magnetic  field  principle,  and

pioneered the use of a rotary field of force to operate machines. He exploited the principle

to  design  a  unique  two-phase  induction  motor  in  1883.  In  1885,  Galileo  Ferraris

independently researched the concept. In 1888, Ferraris published his research in a paper

to the Royal Academy of Sciences in Turin.  Introduction of Tesla's motor from 1888

onwards initiated what is known as the Second Industrial Revolution, making possible the

efficient  generation  and  long  distance  distribution  of  electrical  energy  using  the

alternating current transmission system, also of Tesla's invention (1888). 

Before the invention of the rotating magnetic field, motors operated by continually

passing a conductor through a stationary magnetic field (as in homo polar motors). Tesla

had suggested that the commentators’ from a machine could be removed and the device

could operate on a rotary field of force. Professor Poeschel, his teacher, stated that would

be akin to building a perpetual motion machine. 

4.2 INTRODUCTION OF INDUCTION MOTOR:

An  induction motor (IM) is a type of asynchronous AC motor where power is

supplied to the rotating device by means of electromagnetic induction. Other commonly

used name is squirrel cage motor due to the fact that the rotor bars with short circuit rings

resemble  a  squirrel  cage  (hamster  wheel).An  electric  motor  converts  electrical  to

mechanical power in its rotor.
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There are several ways to supply power to the rotor. In a DC motor this power is

supplied to the armature directly  from a DC source,  while in an induction motor this

power is induced in the rotating device.

The Induction  motor  is  a  three  phase  AC motor  and is  the most  widely used

machine. Its characteristic features are- 

 Simple and rugged construction 

 Low cost and minimum maintenance 

 High reliability and sufficiently high efficiency 

 Needs no extra starting motor and need not be synchronized 

 An Induction motor has basically two parts – Stator and Rotor 

4.3: INDUCTION MOTOR GENERAL PRINCIPLE

As a general  rule,  conversion of electrical  power into mechanical  power takes

place in the rotating parts of an electrical  motor.  In dc motor,  the electrical  power is

conducted directly in armature the rotating part of the motor through brush or commutates

and hence dc motor called as conduction motor but in case of induction motor the motor

does not receive the electrical power by conduction but by induction in exactly same way

as the secondary of a 2-winding transformer receives its power from the primary. That is

why such motor known as induction motor. In fact, an induction motor can be treated as a

rotating transformer i.e. one in which primary winding is stationary but the secondary is

free to rotate. Of all the a.c. motors, the poly phase induction motor is the one which is

extensively used for various kinds of industrial drives. 

4.4 POWER SUPPLY:

The stator is connected to a 3-phase AC power supply. In the following illustration

phase A is connected to phase A of the power supply. Phase B and C would also be

connected to phases B and C of the power supply respectively.
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Fig.4.1: phase currents in stator windings

Phase windings (A, B, and C) are placed 120° apart. In this example, a second set

of three-phase windings is installed. 

The number of poles is determined by how many times a phase winding appears.

In this example, each phase winding appears two times. This is a two-pole stator. If each

phase winding appeared four times it would be a four-pole stator.

                            

Winding

Current Flow 

Direction
 Positive Negative
A1 North South
A2 South North
B1 North South
B2 South North
C1 North South
C2 South North

Table.4.1: Indicating the formation of poles in phase windings

4.5  SYNCHRONOUS SPEED:

The speed of the rotating magnetic field is referred to as synchronous speed (NS).
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Synchronous speed is equal to 120 times the frequency (F), divided by the number of

poles (P).

                                                Ns = 120 F / P

If the frequency of the applied power supply for the two-pole stator used in the

previous example is 60 Hz, synchronous speed is 3600 RPM.

                                              N s =( 120 x 60 )/ 2

                                                N = 3600 RPM 

No of 

poles

synchronous

speed
2 3600
4 1800
6 1200
8 900

Table 4.2: shows the synchronous speed at 60 Hz for the corresponding

number of                      poles.

4.6 INDUCTION MOTOR DRIVES:

         The ac induction motor is by far the most widely used motor in the industry.

Traditionally, it has been used in constant and variable-speed drive applications that do

not cater for fast dynamic processes. Because of the recent development of several new

control technologies, such as vector and direct torque controls, this situation is changing

rapidly. The underlying reason for this is the fact that the cage induction motor is much

cheaper and more rugged than its competitor, the dc motor, in such applications.  This

section starts with induction motor drives that are based on the steady-state equivalent

circuit of the motor, followed by vector-controlled drives that are based on its dynamic

model.

           Stator laminations are stacked together forming a hollow cylinder.  Coils of

insulated wire are inserted into slots of the stator core. Each grouping of coils, together

with the steel core it surrounds form an electromagnet
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Fig.4.2: Rotation of rotor

4.7 STEADY-STATE REPRESENTATION:

The  traditional  methods  of  variable-speed  drives  are  based  on  the  equivalent

circuit representation of the motor shown below.

Fig.4.3:  Steady-state equivalent circuit of an induction motor

                 From this representation, the following power relationships in terms of motor

parameters and the rotor slip can be found

Power in the rotor circuit,
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Where     slip s = 
ω1−ωr
ω1

=
ω1−pωωo
ω1

                                                        P = number of pole pairs

ω0=
2πNN
60

ωr=rotar spωeed   

 f 1Being the frequency

The developed torque is 

The slip frequency sf 1, is the frequency of the rotor current and air gap flux is given by

Where  λm is the stator flux linkage due to the air gap flux. If the stator impedance is

negligible compared to E1, which is true when f1 is near the rated frequency f0,

 

CHAPTER-5
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SINGLE PHASE TO THREE PHASE DRIVE SYSTEM

5.1 SYSTEM MODEL:

The  system is  composed  of  grid,  input  inductors  (La  ,  L1a  , Lb  ,  and  L1b  ),

rectifiers  (A  and  B),  capacitor  bank  at  the  dc  link, inverter,  and  induction  machine.

Rectifiers A and B are constituted of switches qa1 , q1
a1 , qa2 , and q1

a2 , and qb1 , q1
b1 , qb2 ,

and q1
b2 , respectively. The inverter is constituted of switches qs1 , q1

s1 , qs2 , q1
s2 , qs3 , and

q1
s3 . The conduction state of the switches is represented by variable sqa1 to sqs3 , where sq

= 1 indicates a closed switch while sq = 0 an open one.

From Fig.  5.2,  the  following  equations  can be derived  for  the

front-end rectifier

where p = d/dt and symbols like r and l represent the resistances and inductances

of the input inductors La , L1a , Lb , and L1b .

The circulating current io can be defined from ia and I’a or ib and I’b , i.e.,

Where
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Fig 5.1: Conventional single-phase to three-phase drive

system

Relations constitute the front-end rectifier dynamic model. Therefore, va  (rectifier

A), vb (rectifier B), and vo (rectifiers A and B) are used to regulate currents ia , ib  and io

respectively. Reference currents  ia* and ib* are chosen equal to  ig* /2 and the reference

circulating current io* is chosen equal to 0.

In order to both facilitate the control and share equally current, voltage, and power

between the rectifiers, the four inductors should be equal, i.e.,  rg
1= ra = ra

1 = rb = rb
1 and

lg
1 = la =la

1 = lb = lb
1 . In this case, the model can be simplified to the model given by

Additionally, the equations for ig , Ia 1and Ib
1 can be written as
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In this ideal case (four identical inductors), the circulating current can

be reduced to zero imposing

When io=o (ia=i1a,ib=i1b) the system model i s reduced to 

Then, the model of the proposed system becomes similar to that

of a system composed of two conventional independent rectifiers.

Fig 5.2: Proposed single-phase to three-phase drive 

system
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5.2 PWM STRATEGY:

The inverter  can be commanded by using an adequate pulse width modulation

(PWM) strategy  for  three-phase  voltage  source  inverter  (VSI),  so  that  it  will  not  be

discussed here. In this section, the PWM strategy for the rectifier will be presented. The

rectifier pole voltages va10, va20, vb10 and vb20 depend on the conduction states of the power

switches, i.e.,

Where vc is the total dc-link voltage. Considering that va* , vb* , and vo* denote the

reference voltages determined by the current controllers 

The gating signals are directly calculated from the reference pole voltages va10 , va20
* , vb10

*

and vb20*. However, these equations are not sufficient to determine the four pole voltages

uniquely from va
* , vb

* , and vo
* . Introducing an auxiliary variable vx* = va20*, that equation

plus the three equations (23)–(25) constitute a four independent equations system with

four variables (va10*, va20*, vb10* and vb20*). Solving this system of equations, we obtain

From these equations, it can be seen that, besides  va* ,  vb* , and  vo* , the pole

voltages depend on also of vx* . The limit values of the variable  vx can be calculated by

taking into account the maximum vc* /2 and minimum −vc* /2 value of the pole voltages
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Once v*x is chosen, pole voltages v*a10, v* a20, v*b10, and v* b20 are defined from (26)

to (29). The gating signals are obtained by comparing pole voltages with one (vt1 ), two

(vt1 and vt2) or more high-frequency triangular carrier signals 

5.3 CONTROL STRATEGY:

Fig.5.3: Control block diagram.

control block diagram of the system in Fig.5.3, highlighting the control of the rectifier.

The rectifier circuit of the proposed system has the same objectives of that in Fig.5.1, i.e.,

to  control  the  dc-link  voltage  and  to  guarantee  the  grid  power  factor  close  to  one.

Additionally, the circulating current io in the rectifier of the proposed system needs to be

controlled. In this way, the dc-link voltage vc is adjusted to its reference value vc* using

the controller  Rc  , which is a standard PI type controller.  This controller  provides the

amplitude of the reference grid current Ig*. To control power factor and harmonics in the

grid side, the instantaneous reference current Ig* must be synchronized with voltage eg , as

given in the voltage-oriented control (VOC) for three-phase system. 

5.4 HARMONIC DISTORTION:

The harmonic distortion of the converter voltages has been evaluated by using the
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weighted THD (WTHD). It is computed by using

where  a1 is the amplitude of the fundamental voltage,  ai is the amplitude of  ith

harmonic and p is the number of harmonics taken into consideration. Fig.5.4 shows the

WTHD  of  voltages  generated  by  rectifiers  [vab =  (va +  vb )/2  for  the  proposed

configuration and  vg =  vg10 −  vg20 for the conventional  one] at  rated grid voltage as a

function  of  μ.  Note  that  the  parameter  μ  determines  vx*.  The  resultant  voltage  vab

generated by rectifier is responsible to control ig  which means that this voltage is used to

regulate the harmonic distortion of the utility grid.

When the single-carrier PWM is used, the behavior of WTHD of the proposed system is

similar to that of conventional one for all  μ, as observed in Fig.5.4. When the double-

carrier PWM is used with  μ = 0.5, the  WTHD is also the same for both configurations.

However, for the other values of μ the WTHD of the proposed system is lower than that of

the conventional one. The WTHD of the proposed topology (double-carrier with μ = 0 or

μ = 1) is close to 63% of that of the conventional topology (with μ = 0.5). The study has

also shown that it is possible to reduce the switching frequency of the proposed system in

60% and still have the same WTHD of the standard configuration.

Fig.5.4: WTHD of rectifier voltage (vab for proposed configuration and vg for

standard configuration) as a function of μ.

The WTHD behavior in Fig.5.4 can be explained from Fig. 5.5. That Fig depicts

the  pole  voltages  (va10,  va20,  vb10,  vb20)  and their  references  (va10
*,  va20

*,  vb10
*,  vb20

*),  the

triangular carrier signals (vt1 , vt2 ), the resultant rectifier voltage (vab ) and the circulating

voltage (vo ). Fig.5.5 (a) and (c) shows these variableswith single-carrier (with μ = 1) and
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double-carrier  (with  μ  =1),  respectively.  For  the  double-carrier  [see  Fig.  5.5  (c)]  the

voltage vab has smaller amplitude and better distribution along the halfswitching period

than that of single-carrier [see Fig. 5.5 (a)],which means a lower WTHD (as observed in

Fig.5.4 for μ = 1). On the other hand, for μ = 0.5 [see Fig. 5.5 (b) and (d)] the distribution

of voltage vab along the switching period is the same for both cases, i.e., single-carrier and

the same WTHD (as observed in Fig. 5.4 for μ = 0.5).

5.5. RATINGS OF SWITCHES:

Assuming same rms voltages at both grid and machine sides, a machine power

factor  of  0.85  and  neglecting  the  converter  losses,  currents  of  the  rectifier  switches

normalized  in  terms  of  currents  of  the  inverter  switches  are  2.55  and  1.27  for  the

conventional and the proposed single-phase to three-phase converter, respectively.  Fig.

5.7 (a) and (b) shows the flow of active power in the conventional and in the proposed

single-phase to three-phase converter, respectively. For balanced system (Lg
1 =La = La

1=

Lb = Lb
1 ), voltage vo is close to zero, so that the dc-link voltage is equal to that required by

the  conventional  system.  Since  the  parallel  connection  scheme permits  to  reduce  the

switch currents and preserve the dc-link voltage, the rating of each power switch in the

rectifier side is reduced.
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Fig 5.5: Flow of active power. (a) Conventional ac–dc–ac single-

phase to threephase

converter. (b) Proposed system with two rectifiers.

5.6. DC-LINK CAPACITOR:

The  dc-link  capacitor  current  behavior  is  examined  in  this  section.  Fig.  5.8

illustrates the harmonic spectrums of the dc-link capacitor current for the conventional

converter (μ  = 0.5) [see Fig. 5.8(a)] and for the proposed converter using single-carrier

with  μ = 0.5 [see Fig. 5.8(b)], double-carrier with  μ  = 0.5 [see Fig. 5.8(c)] and double-

carrier with μ = 0 [see Fig. 5.8(d)]. The proposed converter using double-carrier with μ =

0 provides the best reduction of the high frequency harmonics. Table 5.1 (obtained from

Fig. 5.8) presents the  THD  of the dc-link capacitor  current  of the proposed converter

(THDp) referred to the THD of the conventional converter (THDc). The highest reduction

of THD is obtained for the converter using double-carrier with μ = 0. The THD obtained

for μ = 1 is equal to that for μ = 0.
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Fig.5.6: Harmonic spectrum of the dc-link capacitor current. (a) Conventional

converter (μ = 0.5). (b) Proposed converter with single-carrier (μ = 0.5).

(c) Proposed converter with double-carrier (μ = 0.5). (d) Proposed converter

with double-carrier (μ = 0).

Table 5.1: Normalized THD of DC-Link current of the proposed converter

5.7 INPUT INDUCTORS:

The PWM with double-carrier strategy reduces the WTHD of the resultant rectifier

voltage  vab , as observed in Fig.5.9. When the input inductors of the proposed topology

(Lg
1 ) are equal to that of the conventional topology (Lg ), the reduction of the THD of the

grid current is the THD of the grid current as a function of μ for different values of ln [the
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inductances of rectifiers A and B (lg
1 ) referred to that of the conventional configuration (lg

), i.e., ln = lg
1  /lg ]. For ln > 0.4 ( lg

1> 0.4lg) the THD of the grid current of the proposed

topology is smaller than that of the conventional topology.

Fig.5.7: Inductor specification in terms of THD of ig and μ

The harmonic distortion of the rectifier currents  (ia , Ia
1 , ib , Ib

1 and  io ) is higher 

than that of the grid current ig . The adequatechoice of the PWM strategy permits to 

operate with minimum harmonic distortion. We have considered the losses as the main 

concern to define the maximum acceptable harmonic distortion of the rectifier currents.

5.8 FAULT COMPENSATION:

The proposed system presents redundancy of the rectifier converter, which can be

useful in fault-tolerant systems. The proposed system can provide compensation for open-

circuit and short-circuit failures occurring in the rectifier or inverter converter devices. 

The fault compensation is achieved by reconfiguring the power converter topology

with the help of isolating devices (fast active fuses—Fj  ,  j  = 1, . . . ,  7) and connecting

devices  (backto-  back connected  SCRs—t1  ,  t2 ,  t3 ),  as  observed in  Fig.  5.10(a)  and

discussed. 

These devices are used to redefine the post-fault converter topology, which allows

continuous  operation  of  the  drive  after  isolation  of  the  faulty  power  switches  in  the

converter. 
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Fig.5.8: (a) Proposed configuration highlighting devices of fault-tolerant system.

(b) Block diagram of the fault diagnosis system.

Fig.5.9: Possibilities of configurations in terms of fault occurrence. (a) Prefault

system. (b) Post-fault system with fault at the rectifier B. (c) Post-fault

system with fault at the rectifier A. (d) Post-fault system with fault at the

inverter.
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This way, four possibilities of configurations have been considered in terms of faults:

1) pre-fault (“healthy”) operation [see Fig. 5.11(a)].

2) post-fault operation with fault at the rectifier B [see Fig.5.11(b)].

3) post-fault operation with fault at the rectifier A [see Fig. 5.11(c)].

4) post-fault operation with fault at the inverter [see Fig.5.11(d)].

Table 5.2: Efficiency of the proposed system normalized in terms of conventional

one

When the fault occurrence is detected and identified by the control system, the

proposed system is reconFigd and becomes similar to that in Fig. 5.10. For instance, if a

fault in any switch of rectifier A has been detected by the control system, the hole rectifier

needs to be isolated. This isolation procedure depends on the kind of fault detected. If an

open-circuit failure is detected, the control system will open all switches of the rectifier A.

 On the other hand, if a short circuit is detected, the control system will turn on all

switches related to rectifier A, and in this case, the fuses will open, and consequently, the

rectifier will be isolated, as discussed. Considering now a fault in one leg of inverter, in

this case the SCR related with this leg in turned on and the leg b1 is isolated, so that the

leg b2 of rectifier B will operate as the leg of inverter.

5.9 LOSSES AND EFFICIENCY:

The  evaluation  of  the  rectifier  losses  is  obtained  through  regression  model

presented. The switch loss model includes: 

1. IGBT and diode conduction losses.

2. IGBT turn-ON losses.

3. IGBT turn-OFF losses and 

4. diode turn-OFF energy. 

The loss evaluation takes into account just the rectifier circuit, since the inverter

side of converter is the same for the proposed and standard configurations.  When the
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rectifiers  operate  with  a  switching  frequency  equal  to  5  kHz,  the  conduction  and

switching  losses  of  the  proposed topology  were  70% and 105%,  respectively,  of  the

corresponding losses of the conventional topology. Consequently, in this case, the total

loss of the proposed topology was smaller than that of the conventional topology. 

5.10 COSTS AND APPLICATIONS OF CONFIGURATION

The initial investment of the proposed system is higher than that of the standard

one, since the number of switches and devices such as fuses and triacs is highest. But,

considering the scenario when faults may occur, the drive operation needs to be stopped

for a nonprogrammed maintenance schedule.

 The cost of this schedule can be high and this justifies the high initial investment

inherent of fault-tolerant motor drive systems. On the other hand, the initial investment

can be justified if the THD or losses of the conventional system is a critical factor.

The proposed system can be used in the same applications as the conventional

configuration (rural or remote application), especially when the THD of the grid current,

fault tolerance and efficiency of converter are critical issues. 

5.11 MATLAB DESIGN OF CASE STUDY & RESULTS:

5.11.1. Block diagram of Single phase to three phase:

Fig.5.10: Block diagram of Single phase to three phase
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Fig.5.11: Grid voltage and current

Fig.5.12: Capacitor voltage (Vc)
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Fig.5.13: Current of rectifier A and circulating current

Fig.5.14: Current of rectifier A and B

39



Fig.5.15: Line voltage of the load

5.11.2 Block diagram of Single phase to three phase double:

Fig.5.16: Block diagram of Single phase to three phase double 
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Fig.5.17: Grid current (Ig) and current of rectifier A and B

Fig.5.18: Grid current (I)
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5.11.3 Block diagram of Single phase to three phase fault:

Fig.5.19: Block diagram of Single phase to three phase fault

Fig.5.20: Grid voltage and grid current
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Fig.5.21: Capacitor voltage (Vc)

Fig.5.22: Current wave forms
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Fig.5.23: Current of rectifier A and B

Fig.5.24: Currents of rectifier A
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CONCLUSION

A single-phase to three-phase drive system composed of two parallel single-phase

rectifiers,  a  three-phase  inverter  and  an  induction  motor  was  proposed.  The  system

combines two parallel rectifiers without the use of transformers. The system model and

the control strategy, including the PWM technique, have been developed.

The complete comparison between the proposed and standard configurations has

been carried  out  in  this  paper.  Compared  to  the  conventional  topology,  the  proposed

system permits to reduce the rectifier switch currents, the  THD of the grid current with

same switching frequency or the switching frequency with same THD of the grid current

and to increase the fault tolerance characteristics. In addition, the losses of the proposed

system may be lower than that of the conventional counterpart.

The  initial  investment  of  the  proposed  system  (due  to  high  number  of

semiconductor  devices)  cannot  be  considered  a  drawback,  especially  considering  the

scenario where the cited advantages justify such initial investment. 

The experimental results have shown that the system is controlled properly, even
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with transient and occurrence of faults.
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Outcome 2 Work as an individual and in a team

Outcome 3 Analyze critically.

Outcome 4 Identify and solve problems.

Mapping Table

Project 
Outcomes

Programme Outcomes
(POs)
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PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2

Outcome
1

2 1 2 1 2 1 1 2 2 2 3 2 2 3

Outcome
2
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48



mathematics, natural sciences, and engineering sciences.

3. Design/development  of  solutions:  Design  solutions  for  complex  engineering

problems and design system components  or  processes  that  meet  the  specified

needs with appropriate consideration for public health and safety, and cultural,

societal, and environmental considerations.

4. Conduct investigations of complexproblems:Use research-based knowledge and

research methods including design of experiments, analysis and interpretation of

data, and synthesis of t h e information to provide valid conclusions.

5. Modern tool usage:  Create, select, and apply appropriate techniques, resources,

and  Modern  engineering  and  IT  tools,  including  prediction  and  modeling  to

complex engineering activities, with an understanding of the limitations.

6. The  engineer  and  society:  Apply  reasoning  informed  by  the  contextual

knowledge to  assess societal,  health,  safety,  legal,  and cultural  issues  and the

consequent responsibilities relevant to the professional engineering practice.

7. Environment  and  sustainability:  Understand  the  impact  of  the  professional

engineering solutions in societal and environmental contexts, and demonstrate the

knowledge of, and need for sustainable development.

8. Ethics:  Apply  ethical  principles  and  commit  to  professional  ethics  and

responsibilities and norms of the engineering practice.

9. Individual  and  team  work:  Function  effectively  as  an  individual,  and  as  a
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1. Apply the knowledge of  circuit design, analogy & digital electronics to the

field of electrical and electronics systems
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ABSTRACT 

 

The SRM motors are simple in construction structure. The switched reluctance motor has high 

torque, high reliability and inexpensive manufacturing cost. This project describes the 

mathematical model of SRM motor and its working principle. The simulink model of switched 

reluctance motor is designed and tested through MATLAB/Simulink software. The parameters 

like current, flux, inductance, speed and torque are represented graphically. 

  

In addition to this simulink model for the speed control of switched reluctance motor is carried out 

using different speed controllers. The simulink models are designed for  PI& PID separately and 

their performance result is compared. 
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Chapter-1 

INTRODUCTION 

The switched reluctance motor are mainly used in electric vehicles, vacuums cleaner, washing 

machine, servo type and variable speed applications. The switched reluctance motor rugged in 

construction therefore it can be suitable for vibrating and high temperature zone. The torque 

produced by the switched reluctance motor is not dependent of phase currents polarity. 

Therefore the less number of semiconductor switches are used in the power converters. In 

addition to this the loss occurred in the SRM motor is from the stator only. Hence it can be 

cooled easily. The switched reluctance motor simulink model consists of three main blocks. 

They are position sensor block, converter block and switched reluctance block. The position 

sensor block consists of a position sensor which is linked to the rotor of switched reluctance 

motor. Hence the turn-on and turn-off angles of the switched reluctance motor phases can be 

measured accurately. To control the developed torque switching angles are used. At the same 

time the measured current and reference current are compared to generate drive signal for 

insulated gate bipolar transistor. Hence the hysteresis controller controls the currents 

independently. The converter block consists of three legs and each leg consists of two insulated 

gate bipolar transistor and two FW diodes. 

In this paper the simulink model for the speed control of switched reluctance motor is carried 

out using different speed controllers. The simulink models designed for P, PI & Fuzzy logic 

controller separately and their performance result is compared. The Switched Reluctance 

Motor is an electric motor which runs by reluctance torque. For industrial application very high 

speed of 50,000 rpm motor is used. The speed controllers applied here are based on 

conventional P& PI Controller and the other one is AI based Fuzzy Logic Controller. The PI 

Controller (proportional integral controller) is a special case of the PID controller in which the 

derivative of the error is not used. Fuzzy logic controller is an intelligent controller which uses 

fuzzy logic to process the input. Fuzzy logic is a many valued logic which is much like human 

reasoning. In industrial control FLC has various applications, particularly where conventional 

control design techniques are difficult to apply. A comprehensive review has been done for 

SRM machine modelling, design, simulation, analysis and control is developed due to variable 

reluctance principle.  
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Chapter – 2 

SWITCHED RELUCTANCE MOTOR 

Switched Reluctance Motors (SRM) have inherent advantages such as simple structure with 

non winding construction in rotor side, fail safe because of its characteristic which has a high 

tolerances, robustness, low cost with no permanent magnet in the structure, and possible 

operation in high temperatures or in intense temperature variations. The torque production in 

switched reluctance motor comes from the tendency of the rotor poles to align with the 

excited stator poles.  

The operation principle is based on the difference in magnetic reluctance for magnetic 

field lines between aligned and unaligned rotor position when a stator coil is excited, the rotor 

experiences a force which will pull the rotor to the aligned position. However, because SRM 

construction with doubly salient poles and its non-linear magnetic characteristics, the 

problems of acoustic noise and torque ripple are more severe than these of other traditional 

motors.  

The torque ripple is an inherent drawback of switched reluctance motor drives. The 

causes of the torque ripple include the geometric structure including doubly salient motor, 

excitation windings concentrated around the stator poles and the working modes which are 

necessity of magnetic saturation in order to maximize the torque per mass ratio and pulsed 

magnetic field obtained by feeding successively the different stator windings. The phase 

current commutation is the main cause of the torque ripple.  

The torque ripple can be minimized through magnetic circuit design in a motor design 

stage or by using torque control techniques. In contrast to rotating field machines, torque 

control of switched reluctance machines is not based on model reference control theory, such 

as field oriented control, but is achieved by setting control variables according to calculated 

or measured functions. By controlling the torque of the SRM, low torque ripple, noise 

reduction or even increasing of the efficiency can be achieved. There are many different 

types of control strategy from simple methods to complicated methods. In this book, motor 

design factors are not considered and detailed characteristics of each control method are 

introduced in order to give the advanced knowledge about torque control method in SRM 

drive. 
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Fig 2.1: block diagram of SRM 

2.1 CONSTRUCTION OF SWITCHED RELUCTANCE MOTOR: 

Switched Reluctance Motor has two different constructions:  

Singly Salient Construction and  

Doubly Salient Construction.  

Stator and rotor magnetic circuits are laminated to reduce the core losses in both type of SRM 

Singly Salient Construction: 

A singly salient construction SRM comprises of a non-salient stator and a salient two pole 

rotor. The rotor do not have any winding wound over it but the stator have two phase winding 

as shown in figure below. 

 

Fig 2.2 : construction of single salient type SRM 

It should be noted that, in actual SRM the number of phase winding on stator may be more 

than two. Since the rotor is of salient construction, the inductance of stator phase winding 



4 
 

varies with the rotor position. The inductance is minimum when the rotor axis and stator 

phase winding axis coincides whereas it is maximum when both the axis are in quadrature. 

Doubly Salient Construction: 

Unlike singly salient type, the stator of doubly salient Switched Reluctance Motor is of 

salient construction and consists of four poles as shown in figure below. The rotor do not 

carry any winding and is of salient construction but have two poles. Thus this type of SRM is 

a hetropolar motor where the numbers of stator and rotor poles are not same.  

 

Fig 2.3 : construction of double salient type SRM 

The stator phase windings are concentrated winding. These concentrated windings on radially 

opposite poles are either connected in series or parallel to result into two phase winding on 

stator.A doubly salient type Switched Reluctance Motor or variable Reluctance Motor 

produces more torque as compared to singly salient type for the same size. Therefore a 

doubly SRM is more common and widely used. The construction diagram of switched 

reluctance motor is shown below 

https://electricalbaba.com/why-number-of-stator-and-rotor-poles-must-be-equal-for-production-of-electromagnetic-torque/
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Fig 2.4 : Exploded view of SRM 

 

2.2 WORKING OF SWITCHED RELUCTANCE MOTOR: 

As we know that magnetic flux have a tendency to flow through lowest reluctance path, 

therefore rotor always tends to align along the minimum reluctance path. This is the basic 

working principle of Switched Reluctance Motor or Variable Reluctance Motor. 

Therefore, when stator phase winding A is energized, the rotor align along this phase as 

shown in figure below. 

 

Fig 2.5(a) : when phase A is energized  

 

When stator phase winding A is de-energized and winding B is energized, the rotor align 

itself along B phase as shown in figure below. 
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Fig 2.5(b) : when phase B is energized 

Similarly, the rotor occupies a position along phase winding C when this phase is energized.  

 

Fig 2.5(C) : when phase C is energized 

Thus rotor rotation in clockwise direction is achieved by energizing the phase winding in a 

ABC sequence. If rotor rotation in anti-clockwise direction is require, stator phase winding 

must be energized in ACB sequence.It must also be noted that, a particular phase winding 

must be energized / de-energized in synchronism with rotor position. This means as soon as 

the rotor align along the A phase, B phase must be energized and A phase must be de-

energized if clockwise rotor rotation is required. 

When the voltage is applied to the stator phase, the motor creates torque in the direction of 

increasing inductance. When the phase is energized  in the minimum inductance position, the 

rotor tends to attain the forthcoming position of maximum inductance. This movement is 

defined by the magnetization characteristics of the motor 
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Fig 2.6 : variation in inductance of stator 

.A typical current profile for a constant phase voltage is shown in Figure 2.6. For a 

constant phase voltage, the phase current has its maximum value in the position when the 

inductance begins to increase. This corresponds to the position where the rotor and the stator 

poles start to overlap. When a phase is turned off, the current flowing in that phase reduces to 

zero.  The phase current present in the region  of  decreasing  inductance  generates negative 

torque. The torque generated by the motor is controlled by  the  applied phase voltage and the 

appropriate definition of switching turn-on and turn-off angles. As is apparent from the 

description, the SRM  requires  position feedback for motor phase commutation. In many cases, 

this requirement is addressed by using position sensors, such as encoders or Hall sensors. The 

result is that the implementation of mechanical sensors increases costs and decreases system  

reliability. 

When current flows in a phase, the resulting torque  tends to  move the rotor in a 

direction that leads to an increase in  the inductance. Provided  that there is no residual 

magnetization of steel, the direction of current flow is immaterial and the torque always tries 

to move the rotor to the position of highest inductance. Positive torque is produced when the 

phase is switched on while the rotor is moving from the unaligned position to  the  aligned 

position  as shown in Figure 2.6. 
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2.3 CHARACTERISTICS OF SWITCHED RELUCTANCE MOTOR: 

2.3.1 Flux Linkage Characteristics of SRM:- 

The double saliency structure of the SRM causes its highly nonlinear motor 

characteristics of the motor. Compared with the other types of motor, the relationship between 

the electrical torque and stator current of the SRM appears to be more complex. Generally the 

generated electric torque can be approximated by a high order polynomial of the stator current 

with an order equal to or larger than two. Even for the simplest case in the linear flux region, 

the electrical torque is not a linear function of the stator current as stated by Miller et al (1980). 

That is one main reason why the control of the SRM is so challenging. 

The flux linkage λ of a SRM (Figure 1.8) is a function of both i and the rotor position 

θ. For fixed rotor position θ, the flux linkage λ is a purely linear function of the stator current i 

only under the case when there is no saturation effect. Generally, when the stator current is 

under certain value, the relationship between λ and i appear to be linear. For fixed stator current 

i, λ is    a periodic function of rotor position with period equal to 2π / Nr  and  is bounded 

between the aligned and unaligned  position. 

 

Fig 2.7: Flux Linkage Chart of SRM 

2.3.2 Speed Torque Characteristics of  SRM: 

Generally, a control scheme is based on the torque-speed characteristics of a motor. 

Figure 1.9 describes the three basic modes of operation of switched reluctance motor based on 

the torque-speed characteristic. Currents in the stator circuits are switched on and off in 
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accordance to the rotor position. With this simplest form of control, the switched reluctance 

motor inherently develops the torque speed characteristics typical to that of a DC machine. 

 

Fig 2.8: Speed Torque Characteristics of SRM 

This first mode is the natural one with  fixed  supply  voltage  and fixed switching 

angles. The operating region is the constant torque region, below rated speed. Base speed (ωb) 

is defined as the highest speed at which maximum current can be supplied to the motor (Imax) 

at rated voltage, with fixed switching angles. There is, of course, a family of characteristics for 

varying supply voltages. At a given speed the flux is proportional to  the voltage V, and the 

torque varies with the current squared. The chopping voltage control is able to control an SRM 

drive only in the mode below rated speed where the generated voltage, being larger than the 

back-EMF,  forces  the drive states on the sliding surface. 

If fixed switching angles are maintained at speeds above ωb, the torque falls as 1/ω. 

This is the second important mode of operation, when the machine speed is above base speed 

(ωb). A control alternative for the switched reluctance motor is to reduce the conduction angle 

θc = θoff – θon at constant voltage. In this mode, the voltage generated is fully applied across 

the phase   till θoff and the current decreases. There is a practical limitation for increasing the 

conduction angle. If it is increased the turn-off angle corresponds to the next cycle turn-on 

angle, then the flux level would not return to zero at the end of each pulse. In this case, the net 

flux in the phase winding would increase until the machine gets continuously saturated.  This 

corresponds to a rotor speed ωp, above which the fall of the torque production is 1/ω2. 
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Chapter – 3 

                          POWER CONTROLLER 

3.1 selection of power converter: 

The selection of converter topology for a certain application is an important issue. Basically, 

the SRM converter has some requirements, such as:  

• Each phase of the SR motor should be able to conduct independently of the other 

phases. It means that one phase has at least one switch for motor operation. ‚ 

• The converter should be able to demagnetize the phase before it steps into the 

regenerating region. If the machine is operating as a motor, it should be able to excite 

the phase before it enters the generating region.  

In order to improve the performance, such as higher efficiency, faster excitation time, fast 

demagnetization, high power, fault tolerance etc., the converter must satisfy some additional 

requirements. Some of these requirements are listed below. Additional Requirements:  

• The converter should be able to allow phase overlap control. ‚ 

• The converter should be able to utilize the demagnetization energy from the outgoing 

phase in a useful way by either feeding it back to the source (DC-link capacitor) or 

using it in the incoming phase. ‚ In order to make the commutation period small the 

converter should generate a sufficiently high negative voltage for the outgoing phase 

to reduce demagnetization time.  

•  The converter should be able freewheel during the chopping period to reduce the 

switching frequency. So the switching loss and hysteresis loss may be reduced.  

•  The converter should be able to support high positive excitation voltage for building 

up a higher phase current, which may improve the output power of motor. ‚ 

• The converter should have resonant circuit to apply zero-voltage or zero-current 

switching for reducing switching loss.  

• 1.4.1 Basic Components of SR Converter The block diagram of a conventional SRM 

converter is shown in Fig. 14. It can be divided into: utility, AC/DC converter, 

capacitor network, DC/DC power converter and SR motor. 
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3.2 Converter Topology: 

As the torque is independent of the direction of phase current, the unipolar controller circuits 

can be used. Although, the SRM could be operated with alternating (but non-sinusoidal) 

current, unidirectional (DC) current has the added advantage of reducing the hysteresis 

losses. As the phases are independent, the SRM controller (Sood 1992) differs from the AC 

inverter, in which the motor windings are connected between the midpoints of adjacent 

inverter phase legs. Also, in an AC inverter the upper and lower leg switches must be 

prevented from switching on simultaneously to avoid the shorting of the DC supply, by an 

additional control circuitry, which is not needed in SRM controller. Vukosavic et al (1990) 

proposed a comparative evaluation of the various converter configurations for SRM drives  

like, 

➢ Two transistors per phase circuit. 

➢ N+1 transistor for n phase motor. 

➢ Bifilar winding arrangement. 

➢ Split link converter circuit. 

➢ C-dump converter circuit. 

3.2.1 Two Transistors per Phase Circuit: 

As shown in fig 3.4 phase winding A is connected to the dc supply through power 

semiconductor devices T1 and T2. Depending upon the rotor position, when the phase 

winding A is to be energized the devices T1 and T2 are turned ON. When the phase winding 

is to be disconnected from the supply (this instant is also dependent on the position of the 

shaft) the devices T1 and T2 are turned off .The stored energy in the phase winding A tends 

to maintain the current in the same direction. This current passes from the winding through 

D1 and D2 to the supply. Thus the stored energy is fed back to the mains. Similarly phase 

winding B & C are also switched on to the supply and switched off from the supply in a 

cyclic manner. This circuit requires 2 power switching devices and 2 diodes for each phase 
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winding. For high speed operation it is required to see that the stored energy can be fed back 

to the mains within the available period 

 

Fig 3.1: Unipolar Converters with Two Switches per phase 

Usually the upper devices T1, T3 and T5 are turned on and off from the signals obtained from 

the rotor position sensor .The duration of conduction or angle of conduction θ can be 

controlled by using suitable control circuitry .The lower devices T2, T4, T6 are controlled 

from signals obtained by chopping frequency signal. The current in the phase winding is the 

result of logical AND ing of the rotor position sensor and chopping frequency .As a result it 

is possible to vary the effective phase current from a very low value to a high value .For 

varying the following methods are available. 1. By varying the duty cycle of the chopper. 2. 

By varying the conduction angle of the devices.  

Merits   

❖ Control of each phase is completely independent of the other phase.  

❖ The converter is able to free wheel during the chopping period at low speeds which 

helps to reduce the reduce the switching frequency and thus the switching losses of 

the converter.  

❖ The energy from the off going phase is feedback to the source, which results in 

utilization of energy. 

Demerits  

❖ Higher number of switches required in each phase, which makes the converter 

expensive and also used for low voltage applications. 
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3.2.2 (n+1) power switching devices and (n+1)  diodes: 

  

 

Fig 3.2: (n+1) power switching devices and (n+1)  diodes 

 This circuit makes use of less number of power switching devices and diodes as shown in fig 

3.2. When the (SCRs) switching devices T and T1 are turned on phase winding A is energized 

from the dc supply. When these devices are turned off the stored energy in the phase winding 

is fed back to the mains through diodes D and D1. When devices T and T2 are turned on the 

phase winding B is energized .When they are turned off ,the stored energy in B phase winding 

C is switched on and off from the mains. The cycle gets repeated. 

 This circuit makes use of (n+1) power switching devices and (n+1) diodes where n is equal to 

the number of phases. 

 Merits 

❖ The converter uses low number of switching devices, which reduces the cost of the 

converter. 

❖ The converter is able to freewheel during the chopping, thus reducing the switching 

frequency and losses. 

❖ Voltage rating of all the switching devices and the diodes are V dc, which is relatively 

low.  

Demerits 

❖ Disability to magnetize a phase while the off going phase is still demagnetizing which 

results in higher torque ripple during commutation. 
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❖  At higher speeds of the off going phase cannot be de-energized fast enough because 

the common switch ―T‖ keeps turnings on intermediately, disabling forced 

demagnetization. 

❖ The common switch conducts for all the phases and thus has higher switching stress. 

3.2.3. Phase winding using bifilar wires 

 Each phase winding has two exactly similar phase windings as shown in fig 3.6.For this bifilar 

wires are used .Each phase consists of two identical windings and are magnetically coupled 

when one of them are excited. 

 In stepper motor, the purpose of bifilar winding is for bipolar excitation with a reduced number 

of switching elements. 

 

Fig 3.3: Phase winding using bifilar wires 

 

When T1 is turned on the dc current passes through the phase winding A. when the devices 

T1 is turned off the stored energy in the magnetic field is fed back to the dc source through the 

winding A‘ and D1 to the supply.The three devices operate in a sequential way depending upon 

the signals obtained from the rotor position sensor and the chopping signals for PWM technique 

obtained from the controller. 

Merits  

❖ The converter uses lower number of switching devices thus reducing the cost on the 

converter.  
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Demerits 

❖ Bifilar winding suffers from double number of connections. 

❖    A poor utilization of copper. 

❖  Freewheeling is not possible during chopping as the phases have -Vdc. this causes of 

higher ripples in current and torque during chopping. 

❖  The imperfection in the coupling between the two winding causes voltage spikes during 

turn off. 

❖  The copper loss associated with the auxiliary winding is unacceptable high for many 

applications. 

 3.2.4. Split – link circuit used with even phase number: 

 

 

Fig 3.4: Split – link circuit used with even phase number 

The circuit shown in fig.3.7 is used in a range of highly efficient drives (from 4-

80kw).The main power supply is split into two halves using split capacitors. During 

conduction, energy is supplied to the phases by one half the power supply. During commutation 

period, the phases demagnetize into other half of the power supply. 

When switch T1 is turned on, phase winding 1 is energized by capacitor c1. When 

switch T2 is turned off, the stored energy in the phase winding 1 is fed back to the capacitor c2 

through diode D4. 

  When T4 is turned on by capacitor C2 and phase winding 4 is energized. When switch 

T4 is turned off, stored energy in the winding 4 is feedback to the capacitor C1 through diode 

D1. The similar operation takes place in the remaining winding also. 
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Merits 

❖ It requires lower number of switching devices. 

❖   Faster demagnetization of phases during commutation. 

 Demerits 

❖ During chopping, freewheeling is not possible as the phaser have the voltage Vdc/2. 

This causes higher switching frequency and more loss. 

❖  This is not feasible for low voltage application. 

❖ The converter is fewer faults tolerant as fault in any phase will unbalance the other 

phase that is connected to it. 

3.2.5. C-Dump circuit 

  In the C dump circuit shown in fig. 3.8. the device count is reduced to ‗n‘ plus one 

additional devices to bleed the stored energy from the dump capacitor C back to supply via the 

step down chopper circuit. The mean capacitor voltage is maintained well above the supply to 

permit rapid defluxing after commutation. 

 

Fig 3.5: C-Dump circuit 

A control failure in the energy-recovery circuit would result in the rapid build-up of 

charge on the capacitor and if protective measures were not taken the entire converter could 

fail from over voltage. 

 Demerits 

❖ Dump capacitor voltage is maintained ―2 Vdc‖ to allow fast demagnetization. But use 

of a capacitor and an inductor in the dump circuit and also the voltage rating of other 

devices is twice the bus voltage 
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3.3 Control circuits for switched reluctance motor: 

For motoring operation the pulses of phase current must coincide with a period 

of accuracy inductance. The timing and dwell (i.e.) period of conductance of the current pulse 

determine the torque, the efficiency and other parameters. With fixed firing angles, there is a 

monotonic relationship exist between average torque and rms phase current but generally it is 

not linear. This may present some complications in feedback-controlled systems. Although it 

is possible to achieve ‗near servo-quality‘ dynamic performance, particularly in respects of 

speed range torque/inertia and reversing capability. 

More complex controls are required for higher power drives, particularly where a wide speed 

range is required at constant power, and microprocessor controls are used. As high-speed 

operation, the peak current is limited by the self-emf of the phase winding. A smooth current 

waveform is obtained with a peak/rms ratio similar to that of a half sinewave. 

At low speed, the self-emf of the winding is small and the current must be limited by 

chopping or PWM of the applied voltage. 

 Two types of control circuits used are: 

1.     Hysteresis type to maintain constant current 

2.     Voltage pulse width modulation control (or) duty cycle control. 

3.3.1     Hysteresis type to maintain constant current: 

As by this control circuit current is maintained more or less constant like ―hysteresis‖ 

throughout the conduction period in each phase it is known as hysteresis type control. Fig 3.6(a) 

shows the current waveform controlled by the hysteresis type current regulator. The schematic 

arrangement of the control circuit is shown in fig 3.10 (b). 

 

  

Fig 3.6:current waveform and schematic arrangement of circuit 
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Principle of operation 

  As shown in fig. 3.10(b) the transducer (a tachogenerator) is connected from the rotor 

and then the output signal from the transducer is given as a feedback signal at the base of 

transistor T2. From the emitter of transistor T2, the portion of the feedback signal (current) is 

fed at the input of the operational amplifier (O.A). There it is compared with the reference 

current and correspondingly after amplification the feedback signal is given at the base of 

transistor T1. This signal in combination with collector current will flow from the emitter of 

transistor T1 through A phase winding of the machine. Thus the current through A phase 

winding can be controlled depending on the requirement. CLR is the resistance for limiting the 

current as per the design. 

As the current reference increase the torque increases. At low currents the torque is 

roughly proportional to current squared but at higher current it becomes more nearly linear. At 

very high currents, saturation decreases the torque per ampere again. This type of control 

produces a constant-torque type of characteristics. 

           With loads whose torque increases monotonically with speed, such as fans and blowers, 

speed adjustment is possible without tachometer feedback but general feedback is needed to 

provide accurate speed control. In some cases the pulse train from the soft position sensor may 

be used for speed feedback, but only at relative high speeds.  

            As low speeds, a larger number of pulses per revolution are necessary and this can be 

generated by an optical encoder or resolver for alternatively by phase-locking a high frequency 

oscillator to the pulses of the commutation sensor. System with resolver-feedback or high-

resolution optical encoders can work right down to zero speed. 

The ―hysteresis type‖ current regulator may require current transducers of wide 

bandwidth, but the SR drive has the advantage that they can be grounded at one end with the 

other connected to the negative terminal of the lower phase leg switch. The sensors used are 

shunts or hall-effect sensors or sensefets with in build current sensing. 

3.3.2 VOLTAGE PWM TYPE CURRENT REGULATION 

 The schematic arrangement of PWM type control circuit is shown in fig. 3.7 

 

Fig 3.7: schematic arrangement of PWM type control circuit 
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Principle of operation 

  Through transducer (tachogenerator) the mechanical signal (speed) is converted into 

electrical signal (current), which is fed from at the base of transistor T2. Thos base current 

combining with collector current flows the emitter of transistor T2 through CLR to the negative 

of the supply. Based on the feedback signal, the voltage at phase A changes. This feedback 

voltage is given as one input to the operational amplifier where it is compared with the 

reference voltage, correspondingly the difference is amplified and fed to the mono stable 

circuit. This circuit modulates the pulse width of the incoming signal based on the requirement 

and the modulated signal is given at the base of T1.This signal combines with collector current 

of T1 and flows through phase A as modulated current based on the requirement. Thus the 

current is regulated or controlled using pulse width modulation and rotor feedback. 

A desirable future of both control methods is that the current wave form tends to retain 

the same shape over a wide speed range.When the PWM duty cycle reaches 100%, the motor 

speed can be increased by increasing the conduction period. These increases eventually reach 

maximum values after which the torque becomes inversely proportional to speed squared but 

they can typically double the speed range at constant torque. The speed range over which 

constant power can be maintained is also quite wide and very high maximum speeds can be 

achieved, as in the synchronous reluctance motor and induction motor, because there is not the 

limitation imposed by fixed as in PM motors. 
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Chapter-4 

SHAFT POISTIONING SENSOR 

• Commutation requirement of the SR motor is very similar to that of a PM brushless 

motor. 

• The shaft position sensor and decoding logic are very similar and in some cases it is 

theoretically possible to use the same shaft position sensor and the same integrated 

circuit to decode the position signals and control PWM as well. 

• The shaft position sensors have the disadvantage of the associated cost, space 

requirement and possible extra source of failure. Reliable methods are well 

established. In position sensors or speed sensors, resolvers or optical encoders may be 

used to perform all the functions of providing commutation signals, speed feedback 

and position feedback. 

• Operation without position sensor is possible. But to have good starting and running 

performance with a wide range of load torque and inertias, sensor is necessary. 

•  When the SR motor is operated in the open-loop‘ mode like a stepper motor in the 

slewing range, the speed is fixed by the reference frequency in the controller as long 

as the motor maintains ‗step integrity‘. (i.e) stay in synchronism. Therefore like an ac 

synchronous motor, the switched reluctance motor has truly constant speed 

characteristics. This open-loop control suffers from two dis-advantages. 

 (a) To ensure that synchronism is maintained even though the load torque may vary. 

 (b) To ensure reliable starting.  Because of the large step angle and a lower 

torque/inertia ratio, the SR motor usually does not have reliable ‗starting rate‘ of the 

stepper motor.  

• Also some form of inductance sensing or controlled current modulation (i.e) such as 

sine wave modulation may be necessary in the control at low speeds. 
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Chapter-5 

ADVANTAGES AND DISADVANTAGES OF SWITCHED 

RELUCTANCE MOTOR 

5.1 ADVANTAGES OF SRM: 

• Construction is simple and robust, as there is no brush. 

• Rotor carries no windings, no slip rings and brush-less maintenance.  

• No permanent magnet, neither in the stator nor in the rotor. 

• Ventilating system is simpler as losses takes place mostly in stator. 

•  Power semiconductor switching circuitry is simpler. 

•  No shoot-through fault is likely to happen in power semiconductor circuits. 

•  Torque developed does not depend upon the polarity of the current in the phase 

winding. 

• The operation of the machine can be easily changed from motoring mode to 

generating mode by varying the region of conduction. 

• It is impossible to have very high speeds.  

• Depending upon the requirement, the desired torque speed characteristics can be tailor 

made.  

• It is a self-starting machine. 

5.2   DISAVANTAGES OF SRM: 

• Stator phase winding should be capable of carrying the magnetizing current also, for 

setting up the flux in the air gap. 

• For high speed operations, the developed torque has undesirable ripples. As a result it 

develops undesirable acoustic losses (noise).  

• For high speeds, current waveform also has undesirable harmonics. To suppress this 

effect a large size capacitor is to be connected. 

• The air gap at the aligned axis should be very small while the air gap at the inter-polar 

axis should be very large. It is difficult to achieve. No standardized practice is 

available. 

• The size of the motor is comparable with the size of variable speed induction motor 

drive. 
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• Number of power wires between power semiconductor circuitry and the motor and the 

number of control cables from one controller to the power semiconductor circuitry are 

more and all to be properly connected. 

• It requires a position sensor. 

 

 5.3 APPLICATIONS OF SRM:- 

• Washing machines 

• Vacuum cleaners  

•  Fans  

•  Future automobile applications  

•  Robotic control applications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 
 

Chapter-6 

MATHEMATICL MODEL OF SWITCHED RELUCTANCE 

MOTOR 

 

𝑉 = 𝑅𝑠𝑖 +  
𝑑𝜑{𝜃, 𝑖}

𝑑𝑡
→ 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(1) 

Rs=Resistance / phase 

 = flux linkage / phase 

𝜑 = 𝐿{𝜃, 𝑖}𝑖 → 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(2) 

L=Mutual inductance {depends on rotor position and phase current}  

Phase Voltage equations, 

𝑉 =  𝑅𝑠𝑖 +
𝑑{𝐿(𝜃, 𝑖)𝑖}

𝑑𝑡
→ 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(3) 

𝑉 =  𝑅𝑠𝑖 + 𝐿{𝜃, 𝑖}
𝑑𝑖

𝑑𝑡
+ i

𝑑𝜃

𝑑𝑡

𝑑𝑙{𝐿{𝜃, 𝑖}}

𝑑𝜃
→ 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(4) 

𝑉 =  𝑅𝑠𝑖 + 𝐿{𝜃, 𝑖}
𝑑𝑖

𝑑𝑡
+ i

𝑑𝑙{𝜃, 𝑖}

𝑑𝜃
𝜔𝑚𝑖 → 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(5) 

𝑒 =  
𝑑𝑙{𝜃, 𝑖}

𝑑𝜃
𝜔𝑚𝑖 = 𝑘𝑏𝜔𝑚𝑖 → 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(6) 

𝑘𝑏 =  
𝑑𝑙{𝜃, 𝑖}

𝑑𝜃
→ 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(7) 

Instantaneous input power is the sum of winding resistance loss, rate of change of field 

energy and air gap power. Therefore the instantaneous input power can be written as, 

𝑃 = 𝑉𝐼 =  𝑅𝑠𝑖
2 + 𝐿𝑖{𝜃, 𝑖}

𝑑𝑖

𝑑𝑡
+ 𝑖2

𝑑𝑙{𝜃, 𝑖}

𝑑𝜃
→ 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(8) 

time 𝑡 =
𝜃

𝜔𝑚
→ 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(9) 



24 
 

Air gap power equations 

𝑃𝑎 =
1

2
𝑖2
𝑑𝑙{𝜃, 𝑖}

𝑑𝜃
→ 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(10) 

𝑃𝑎 =
1

2
𝑖2
𝑑𝑙{𝜃, 𝑖}

𝑑𝜃

𝑑𝜃

𝑑𝑡
→ 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(11) 

𝑃𝑎 =
1

2
𝑖2
𝑑𝑙{𝜃, 𝑖}

𝑑𝜃
𝜔𝑚 → 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(12) 

𝑃𝑎 = 𝜔𝑚𝑇𝑒 → 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(13) 

By equating the equations 12 and 13 we get torque {Te}, 

𝑇𝑒 =
1

2
𝑖2
𝑑𝑙{𝜃, 𝑖}

𝑑𝜃
→ 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛(14) 
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Chapter-7 

  MATLAB 

7.1 Introduction: 

MATLAB (matrix laboratory) is a multi-paradigm numerical computing environment 

and proprietary programming language developed by MathWorks. MATLAB 

allows matrix manipulations, plotting of functions and data, implementation of algorithms, 

creation of user interfaces, and interfacing with programs written in other languages. 

Although MATLAB is intended primarily for numerical computing, an optional 

toolbox uses the MuPAD symbolic engine allowing access to symbolic computing abilities. 

An additional package, Simulink, adds graphical multi-domain simulation and model-based 

design for dynamic and embedded systems. 

As of 2018, MATLAB has more than 3 million users worldwide.[16] MATLAB users 

come from various backgrounds of engineering, science, and economics. 

7.2 History of MATLAB: 

Cleve Moler, the chairman of the computer science department at the University of 

New Mexico, started developing MATLAB in the late 1970s. He designed it to give his 

students access to LINPACK and EISPACK without them having to learn Fortran. It soon 

spread to other universities and found a strong audience within the applied 

mathematics community. Jack Little, an engineer, was exposed to it during a visit Moler made 

to Stanford University in 1983. Recognizing its commercial potential, he joined with Moler 

and Steve Bangert. They rewrote MATLAB in C and founded MathWorks in 1984 to continue 

its development. These rewritten libraries were known as JACKPAC.] In 2000, MATLAB was 

rewritten to use a newer set of libraries for matrix manipulation, LAPACK.  

MATLAB was first adopted by researchers and practitioners in control engineering, 

Little's specialty, but quickly spread to many other domains. It is now also used in education, 

in particular the teaching of linear algebra and numerical analysis, and is popular amongst 

scientists involved in image processing. 

7.3.  MATLAB SIMLINK: 

 Simulink is a MATLAB-based graphical programming environment for modeling, 

simulating and analyzing multidomain dynamical systems. Its primary interface is a graphical 

https://en.wikipedia.org/wiki/Multi-paradigm_programming_language
https://en.wikipedia.org/wiki/Numerical_analysis
https://en.wikipedia.org/wiki/Proprietary_programming_language
https://en.wikipedia.org/wiki/MathWorks
https://en.wikipedia.org/wiki/Matrix_(mathematics)
https://en.wikipedia.org/wiki/Function_(mathematics)
https://en.wikipedia.org/wiki/Algorithm
https://en.wikipedia.org/wiki/User_interface
https://en.wikipedia.org/wiki/MuPAD
https://en.wikipedia.org/wiki/Computer_algebra_system
https://en.wikipedia.org/wiki/Symbolic_computing
https://en.wikipedia.org/wiki/Simulink
https://en.wikipedia.org/wiki/Model-based_design
https://en.wikipedia.org/wiki/Model-based_design
https://en.wikipedia.org/wiki/Dynamical_system
https://en.wikipedia.org/wiki/Embedded_system
https://en.wikipedia.org/wiki/MATLAB#cite_note-mathworksCompanyOverview-16
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Science
https://en.wikipedia.org/wiki/Economics
https://en.wikipedia.org/wiki/Cleve_Moler
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/University_of_New_Mexico
https://en.wikipedia.org/wiki/University_of_New_Mexico
https://en.wikipedia.org/wiki/LINPACK
https://en.wikipedia.org/wiki/EISPACK
https://en.wikipedia.org/wiki/Fortran
https://en.wikipedia.org/wiki/Applied_mathematics
https://en.wikipedia.org/wiki/Applied_mathematics
https://en.wikipedia.org/wiki/John_N._Little
https://en.wikipedia.org/wiki/Stanford_University
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/MathWorks
https://en.wikipedia.org/wiki/MATLAB#cite_note-18
https://en.wikipedia.org/wiki/LAPACK
https://en.wikipedia.org/wiki/Control_engineering
https://en.wikipedia.org/wiki/Linear_algebra
https://en.wikipedia.org/wiki/Numerical_analysis
https://en.wikipedia.org/wiki/Image_processing
https://en.wikipedia.org/wiki/MATLAB
https://en.wikipedia.org/wiki/Dynamical_systems
https://en.wikipedia.org/wiki/Visual_modeling
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block diagramming tool and a customizable set of block libraries. It offers tight integration 

with the rest of the MATLAB environment and can either drive MATLAB or be scripted from 

it. Simulink is widely used in automatic control and digital signal processing for multidomain 

simulation and model-based design. 

7.4 Different blocks used in matlab simlink: 

7.4.1 Constant: 

The Constant block generates a real or complex constant value signal. Use this block to provide 

a constant signal input. The block generates scalar, vector, or matrix output, depending on: 

• The dimensionality of the Constant value parameter 

• The setting of the Interpret vector parameters as 1-D parameter 

The output of the block has the same dimensions and elements as the Constant value parameter. 

If you specify for this parameter a vector that you want the block to interpret as a vector, select 

the Interpret vector parameters as 1-D check box. Otherwise, if you specify a vector for 

the Constant value parameter, the block treats that vector as a matrix. 

 

Fig 7.1: constant block 

7.4.2 Relay: 

The Relay block allows the output to switch between two specified values. When the relay is 

on, it remains on until the input drops below the value of the Switch off point parameter. When 

the relay is off, it remains off until the input exceeds the value of the Switch on point parameter. 

The block accepts one input and generates one output. 

Specifying a Switch on point value greater than the Switch off point value models hysteresis, 

whereas specifying equal values models a switch with a threshold at that value. The Switch on 

point value must be greater than or equal to the Switch off point. 

 

https://en.wikipedia.org/wiki/Visual_modeling
https://en.wikipedia.org/wiki/Library_(computer_science)
https://en.wikipedia.org/wiki/MATLAB
https://en.wikipedia.org/wiki/Automatic_control
https://en.wikipedia.org/wiki/Digital_signal_processing
https://en.wikipedia.org/wiki/Model-based_design
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7.4.3 Math operation block: 

 

Abs Output absolute value of input 

Add Add or subtract inputs 

Algebraic Constraint  Constrain input signal 

Assignment Assign values to specified elements of signal 

Bias Add bias to input 

Complex to Magnitude-Angle Compute magnitude and/or phase angle of complex  

signal 

Complex to Real-Imag  Output real and imaginary parts of complex input 

 signal 

Divide Divide one input by another 

Dot Product Generate dot product of two vectors 

Find Nonzero Elements  Find nonzero elements in array 

Gain Multiply input by constant 

Magnitude-Angle to Complex  Convert magnitude and/or a phase angle signal to  

complex 

 signal 

Math Function  Perform mathematical function 

MinMax Output minimum or maximum input value 

MinMax Running Resettable  Determine minimum or maximum of signal over time 

Permute Dimensions  Rearrange dimensions of multidimensional array 

 dimensions 

Polynomial Perform evaluation of polynomial coefficients on  

input values 

Product of Elements  Copy or invert one scalar input, or collapse one  

https://in.mathworks.com/help/simulink/slref/abs.html
https://in.mathworks.com/help/simulink/slref/add.html
https://in.mathworks.com/help/simulink/slref/algebraicconstraint.html
https://in.mathworks.com/help/simulink/slref/assignment.html
https://in.mathworks.com/help/simulink/slref/bias.html
https://in.mathworks.com/help/simulink/slref/complextomagnitudeangle.html
https://in.mathworks.com/help/simulink/slref/complextorealimag.html
https://in.mathworks.com/help/simulink/slref/divide.html
https://in.mathworks.com/help/simulink/slref/dotproduct.html
https://in.mathworks.com/help/simulink/slref/findnonzeroelements.html
https://in.mathworks.com/help/simulink/slref/gain.html
https://in.mathworks.com/help/simulink/slref/magnitudeangletocomplex.html
https://in.mathworks.com/help/simulink/slref/mathfunction.html
https://in.mathworks.com/help/simulink/slref/minmax.html
https://in.mathworks.com/help/simulink/slref/minmaxrunningresettable.html
https://in.mathworks.com/help/simulink/slref/permutedimensions.html
https://in.mathworks.com/help/simulink/slref/polynomial.html
https://in.mathworks.com/help/simulink/slref/productofelements.html
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nonscalar input 

Real-Imag to Complex  Convert real and/or imaginary inputs to complex 

 signal 

Reshape  Change dimensionality of signal 

Rounding Function Apply rounding function to signal 

Sign Indicate sign of input 

Sine Wave Function  Generate sine wave, using external signal as time  

source 

Slider Gain  Vary scalar gain using slider 

Sqrt Calculate square root, signed square root, or reciprocal 

 of square root 

Squeeze  Remove singleton dimensions from multidimensional 

 signal 

Table 7.1: Math operations in matlab 

 

7.4.4 logical operation block: 

The Logical Operator block performs the specified logical operation on its inputs. An input 

value is true (1) if it is nonzero and false (0) if it is zero. 

You select the Boolean operation connecting the inputs with the Operator parameter list. If 

you select rectangular as the Icon shape property, the name of the selected operator displays 

on the block icon. If you select distinctive as the Icon shape property, the name of the selected 

operator does not display on the block icon. This table shows supported operations: 

Operation Description 

AND TRUE if all inputs are TRUE 

OR TRUE if at least one input is TRUE 

NAND TRUE if at least one input is FALSE 

NOR TRUE when no inputs are TRUE 

XOR TRUE if an odd number of inputs are TRUE 

NXOR TRUE if an even number of inputs are TRUE 

NOT TRUE if the input is FALSE 

https://in.mathworks.com/help/simulink/slref/realimagtocomplex.html
https://in.mathworks.com/help/simulink/slref/reshape.html
https://in.mathworks.com/help/simulink/slref/roundingfunction.html
https://in.mathworks.com/help/simulink/slref/sign.html
https://in.mathworks.com/help/simulink/slref/sinewavefunction.html
https://in.mathworks.com/help/simulink/slref/slidergain.html
https://in.mathworks.com/help/simulink/slref/sqrt.html
https://in.mathworks.com/help/simulink/slref/squeeze.html
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Fig 7.2: Logical operator block 

7.4.5 scope: 

Scope display features: 

• Simulation control — Debug models from a Scope window using Run, Step Forward, 

and Step Backward toolbar buttons. 

• Multiple signals — Plot multiple signals on the same y-axis (display) using multiple 

input ports. 

• Multiple y-axes (displays) — Display multiple y-axes. All the y-axes have a common 

time range on the x-axis. 

• Modify parameters — Modify scope parameter values before and during a simulation. 

• Axis autoscaling — Autoscale axes during or at the end of a simulation. Margins are 

drawn at the top and bottom of the axes. 

• Display data after simulation — Scope data is saved during a simulation. If a scope is 

closed at the start of a simulation, when you open the scope after a simulation, the 

scope displays simulation results for attached input signals. 

 

Fig 7.3: Scope block 
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Chapter-8 

CONTROLLERS 

8.1 CONTROLLER: 

It is very essential to know the uses of controllers in the theory of control systems. The 

important uses of the controllers are written below: 

1. Controllers improve the steady state accuracy by decreasing the steady state error. 

2. As the steady state accuracy improves, the stability also improves. 

3. Controllers also help in reducing the unwanted offsets produced by the system. 

4. Controllers can control the maximum overshoot of the system. 

5. Controllers can help in reducing the noise signals produced by the system. 

6. Controllers can help to speed up the slow response of an over damped system. 

There are various types of controllers, which will be discussed in detail below. 

8.2 Types of Controllers: 

There are two main types of controllers: continuous controllers, and discontinuous 

controllers.In discontinuous controllers, the manipulated variable changes between discrete 

values. Depending on how many different states the manipulated variable can assume, a 

distinction is made between two-position, three- position and multi-position controllers. 

Compared to continuous controllers, discontinuous controllers operate on very simple, 

switching final controlling elements. 

The main feature of continuous controllers is that the controlled variable (also known as the 

manipulated variable) can have any value within controller’s output range. Now in the 

continuous controller theory, there are three basic modes on which the whole control action 

takes place, which are: 

1. Proportional controllers. 

2. Integral controllers. 

3. Derivative controllers. 

https://www.electrical4u.com/control-system-closed-loop-open-loop-control-system/
https://www.electrical4u.com/steady-state-error-analysis/
https://www.electrical4u.com/on-off-control-theory-controller/
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We use the combination of these modes to control our system such that the process variable is 

equal to the setpoint (or as close as we can get it). These three types of controllers can be 

combined into new controllers: 

1. Proportional and integral controllers (PI Controller) 

2. Proportional and derivative controllers (PD Controller) 

3. Proportional integral derivative control (PID Controller) 

 

8.2.1 PI controller:- 

 

The control mode of PI Controller has a one-to-one correspondence of the proportional mode 

as well as the integral mode which eliminates that inherent offset. This controller is mostly 

used in areas where the speed of the system is not an issue. Since proportional controller can 

not provide new nominal controller’s output in case of new load condition, but in this new 

configuration necessity of fixed (offset) error has been replaced by the accumulation of error 

term i.e integral term. Mathematically, this can be represented as, 

 

Where, 

• P = PI controller’s output 

• KP = Proportional Gain 

• KI= Integral Gain 

• ep (t)= Desired Value of controlled variable – Measured Value 

• PI(0) = Integral term initial value 

Form PI controller’s equation we can say that when an error is zero, but the controlled variable 

is oscillating about desired value, then integral action tries to eliminate error and reaches 

desired value. 

When an error is not zero and only accumulated error is not sufficient for resulting in the quick 

ramp up, in that case, the proportional controller reduces rise time and tries to achieve optimal 

controller’s output at new load conditions. 

 

https://www.electrical4u.com/pid-control/
https://myclassbook.files.wordpress.com/2018/09/pi-controller-in-control-system.png?resize=476,59
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Applications of PI Controller: 

Flow control of any liquid is a dynamic process, improper prediction of error might 

result in control value saturation or extended flow of liquid which usually happens when we 

apply derivative controller to such a system. 

In this case, the Proportional controller gives proper ramp up to achieve desired value 

quickly as well as the occurrence of offset error or steady state error about desired value has 

been eliminated by the integral term. 

Advantages: 

1. Desired value can be achieved accurately. 

2. Ease to apply for fast response processes as well as processes in which load change is 

large and frequent. 

3. Removes steady state error. 

Disadvantages: 

1. The speed of response of system becomes sluggish due to the addition of integral term. 

2. During start-up of a batch process, the integral action causes an overshoot. 
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Chapter-9 

Fuzzy controller 

 

9.1 Introduction to Fuzzy Logic: Fuzzy Logic is a logic or control system of an n-

valued logic system which uses the degrees of state “degrees of truth“of the inputs and 

produces outputs which depend on the states of the inputs and rate of change of these states 

(rather than the usual “true or false” (1 or 0), Low or High Boolean logic (Binary) on which 

the modern computer is based). It basically provides foundations for approximate reasoning 

using imprecise and inaccurate decisions and allows using linguistic variables 

It was developed in 1965, by Professor LoftiZadeh, at University of California, Berkley. 

The first application was to perform computer data processing based on natural values. 

 

Fig 9.1: Difference between fuzzy and Boolean logic 

In more simple words, A Fuzzy logic stat can be 0, 1 or in between these numbers i.e. 0.17 or 

0.54. 

For example, In Boolean, we may say glass of hot water ( i.e 1 or High) or glass of cold water 

i.e. (0 or low), but in Fuzzy logic, We may say glass of warm water  (neither hot nor cold). 

https://www.electricaltechnology.org/wp-content/uploads/2018/02/What-Is-Fuzzy-Logic-System.jpg
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let see another example, 

Boolean Logic : Yes or No (0,1) 

Fuzzy Logic: Certainly Yes, Possibly No, Can’t Say, Possible Yes etc. 

9.2 Basic Architecture of Fuzzy Logic System: 

A Fuzzy Logic System consists of the following modules: 

 

  Fig 9.2: Basic Architecture of Fuzzy Logic System  

1. Fuzzifier: 

It accepts the measured variables as input and converts the numerical values to 

linguistic variables. It transforms the physical values as well as the error signals to a 

normalized fuzzy subset which consists of an interval for the input values range and 

membership functions that describe the probability of state of the input variables. The 

input signal is basically split into five states as in – Large Positive, Medium Positive, 

Small, Medium Negative and Large Negative 

2. Controller: 

It consists of the knowledge base as well as the inference engine. The knowledge Base 

stores the membership functions and the fuzzy rules, obtained by knowledge of system 

operation per the environment. The inference engine performs processing of the 

obtained membership functions and fuzzy rules. In other words, the inference engine 

assigns outputs based on linguistic information. 

https://www.electricaltechnology.org/wp-content/uploads/2018/01/fff.png
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3. Defuzzifier:  

It performs the reverse process of the Fuzzifier. In other words, it converts the fuzzy 

values to the normal numerical or physical signals and sends them to the physical 

system to control the system operation. 

9.3 Fuzzy Logic System Operation: 

Fuzzy operation involves use of fuzzy sets and membership functions. Each fuzzy set 

is a representation of a linguistic variable that defines the possible state of output. Membership 

function is the function of a generic value in a fuzzy set, such that both the generic value and 

the fuzzy set belong to a universal set. 

The degrees of membership of that generic value in the fuzzy set determines the output, 

based on the principle of IF-THEN. The memberships are assigned based on the assumption of 

outputs with the help of inputs and rate of change of inputs. A membership function is basically 

a graphical representation of the fuzzy set. 

Consider a value ‘x’ such that x€X for all interval [0,1] and a fuzzy set A, which is a subset of 

X. Membership function of ‘x’ in the subset A is given as : fA(x). Note that ‘x’ denotes the 

membership value. 

Given below is the graphical representation of fuzzy sets. 

 

 Fig 9.3: Graphical representation of fuzzy sets 

https://www.electricaltechnology.org/wp-content/uploads/2018/01/Graphical-Representation-of-Fuzzy-Set.png
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While the x-axis denotes the universal set, the y-axis denotes the membership degrees. These 

membership functions can be triangular, trapezoidal, singleton or Gaussian in shape. 

9.4  Applications: 

• Fuzzy Logic system can be used in Automotive systems, for applications like 4-

Wheel steering, automatic gearboxes etc. 

• Applications in the field of Domestic Applications include Microwave Ovens, Air 

Conditioners, Washing Machines, Televisions, Refrigerators, Vacuum Cleaners 

etc. 

• Other applications include Hi-Fi Systems, Photo-Copiers, Humidifiers etc. 

9.5 Advantages: 

• A Fuzzy Logic System is flexible and allow modification in the rules. 

• Even imprecise, distorted and error input information is also accepted by the 

system. 

• The systems can be easily constructed. 

• Since these systems involve human reasoning and decision making, they are useful 

in providing solutions to complex solutions in different types of applications. 
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Chapter-10 

SIMULINK BLOCKS AND RESULTS 

10.1 Mathematical model of switched reluctance motor: 

In the MATLAB simulation of switched reluctance motor the following specification are 

used:  

Number of stator androtor poles = 6/4,  

Frequency [F] = 50 Hz,  

Number of phases = 3,  

DC supply voltage [Vdc] = 240 volts,  

Turn on and off angle = 45deg and 75 deg respectively,  

Reference current = 200 amps, 

Hysteresis band = +10, -10.  

Friction = 0.01 N-M s,  

Unaligned inductance = 0.7 m H, 

 Aligned Inductance = 20 m H,  

Stator resistance [Rr] = 0.01 ohms/phase, 

 Moment of inertia [J] = 0.0082 Kg-m/sec. 

The mathematical Simulink model of switched reluctance motor is shown below and each 

block with internal circuit is shown  
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10.1.1 Simulink model:  

fig 10.1: Matlab simulink model of  SRM 

 

 

fig 10.2(a): Converter internal circuit 
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fig 10.2(b): Converter internal circuit 

 

 

 

 

fig 10.3: Rotor position sensor internal circuit 
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10.1.2 output results:  

 

 

Fig 10.4: Output flux in weber 

 

 

 

fig 10.5: Output current in Amperes 
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Fig 10.6: Output Torque in N-m 

 

 

Fig 10.7: Output speed in RPM 

From Figure  it is observed that the torque is directly proportional to the square of current, 

therefore the torque of the switched reluctance motor is independent of current direction but it 

depends on 
𝑑𝑙

𝑑𝜃
 value. If this value is positive then the torque of switched reluctance motor is 

also positive. In case if it is negative then torque of the switched reluctance motor is negative. 

But this torque contains lot of noise and harmonics. 
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10.2 speed control of switched reluctance motor using different controllers: 

Here the speed control of switched reluctance motor is done by using two controllers i.e., PI 

controller and fuzzy logic controller 

10.2.1 Using  PI controller: 

The combination of proportional and integral terms isessential to refine the speed of the 

response and also toeliminate the steady state error. By giving feedback to the converter the 

performance of the PI controller can be improved and it conquers the disturbances. The forced 

oscillation and steady state error can be eliminated in PI controller during the operation of P 

controller and on-off controller respectively. However, introducing integral mode has a 

negative effect on stability of the system and in speed response. 

So that speed response will not increase in PI controller. This problem can be detected by 

introducing derivative mode. It has the capability to predict the errors and to decrease the 

reaction time of the controller. If the speed response is not a criteria normally PI controllers are 

used. 

The simulink model is designed for the speed control of switched reluctance motor using PI 

controller and their corresponding output waveform is shown in Figures 

If set speed is 4000, the actual speed displayed is 4003 and the settling time is 2 seconds. From 

speed waveform it can be notified that the introduction of PI controller reduces the steady state 

error. 

The  Simulink model of speed control of switched reluctance motor is shown below and 

respected output waveforms are shown below 
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10.2.1(a) Simulink model: 

 

Fig 10.8: Simulation model using PI controller 

 

 

Fig 10.9: PI controller internal circuit 
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Fig 10.10: step input block parameters 

 

 

Fig 10.11: PI Function block parameters 
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10.2.1(b) Simulink output results: 

 

 

Fig 10.12: output results of SRM using PI controller 

10.2.2  Using  Fuzzy  controller: 

Fuzzy logic was proposed by Lotfi Zadeh in 1965, it has various applications in all inventive 

fields. The merits of fuzzy logic controller are the clarification for a problem can be easily 

analyzed and the design of the controller can be implemented. The design of fuzzy logic system 

is not based on the mathematical model of process. 

The four main stages in fuzzy logic controller: fuzzification, rule base, inference mechanism 

and defuzzification as shown in Figure. The fuzzification is nothing but it comprises the process 

of transpose crisp values into grades of membership for linguistic terms of fuzzy sets. The 

transpose from a fuzzy set to a crisp number is called a defuzzification. The inference engine 

and the knowledge base were the components of an expert system. The knowledge base stores 

the factual knowledge of the operation of the concern experts. Fuzzy inference engine is the 

process of calculating from a given inputto an output using fuzzy logic. In inference engine, If 

–Then type fuzzy rules converts fuzzy input to the output. 
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Mamdani type fuzzy logic controller is most commonly used in a closed loop control system, 

because it reduces the steady state error to zero. 

The designed fuzzy rules used in this research are given in Table 1. The fuzzy sets have been 

defined as: negative large (NL), negative medium (NM), negative small(NS), zero (ZR), 

positive small (PS), positive medium(PM) and positive large (PL) respectively. Many research 

papers have developed SRM models based on fuzzy logic,hybrid fuzzy and neural 

techniques2–4. 

The simulink model is designed for the speed control of Switched Reluctance Motor using 

Fuzzy logic controller and their corresponding waveform. 

10.2.2(a) Simulink model: 

 

 

Fig 10.13: Simulink model  using Fuzzy  controller 
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Fig 10.14: internal block of  Fuzzy  controller 

 

Fig 10.15:   Fuzzy  inference system of srm 

 

Fig 10.16:   FLC truth table 
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Fig 10.17(a) 

 

Fig 10.17(b) 

 

Fig 10.17(c) 

Fig 10.15: The membership functions of FLC 

                 (a)Speed error (b) change in error (c) output speed 
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10.2.2(b) Simulink outputl: 

 

Fig 10.18: output results of SRM using fuzzy controller 

If set speed is 3000, the actual speed displayed is 3000 and the settling time is 0.2. From 

speed waveform, it can be notified that the fuzzy logic controller enhances the speed 

regulation and it is a perfect speed tracking without overshoot. 
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Chapter-11 

CONCLUSION 

• The potential of switched reluctance motor is highly greater particularly in motion 

control. At the same time it gives high performance in harsh conditions like dusty 

environment and high temperature. In this research paper switched reluctance motor 

model is designed through MATLAB software and also tested successfully by 

presenting the torque and speed values graphically. 

• Thus the SRM dynamic performance is forecasted and by using MATLAB/simulink 

the model is simulated. SRM has been designed and implemented for its speed control 

by using PI controller and AI based fuzzy logic controller. We can conclude from the 

simulation results that when compared with P & PI controller, the fuzzy Logic 

Controller meet the required output. This project presents a fuzzy logic controller to 

ensure excel-lent reference tracking of switched reluctance motor drives. The fuzzy 

logic controller gives a perfect speed tracking without overshoot and enchances the 

speed regulation. The SRM response when controlled by  FLC is more advantaged than 

the conventional P& PI controller. 

• In speed control of SRM using PI controller the settling time taken by the controller is 

very large that the speed control using fuzzy controller. 

• The below figures shows the difference in settling time of speed using different 

controllers 

 

 

Fig 11.1: Comparision of output speed of SRM using PI.fuzzy controllers 
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Controller  

 

Reference speed 

 

Settling time 

 

 

PI controller 

 

4000 

 

2 sec 

 

Fuzzy controller 

 

4000 

 

0.2 sec 

Table 11.1: comparison of PI,fuzzy controller 
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                                              ABSTRACT 

 

 

          Nowadays the modern technologies are helpful in all aspects of our life. Due to this lots 

of development done in the field of agricultural.The solar energy converted into electrical 

energy by photo voltaic cells. This energy stored in batteries during the day time to run the 

water pump for agriculture and distribute the water to the farm. The project is designed to 

operate the water pump at four different time slots. It prevents the difficulties of switching the 

pump on/ off manually. Real time clock interfaced to Arduino then Arduino give command to 

the corresponding relay to start the load and another command to switch off the load is 

programmed by the user. A matrix keypad helps to entering different time slots. Switching the 

pump ON/OFF manually these difficulties can be overcome using this project. There be an 

inbuilt real time clock (RTC)which keeps tracking the time and thus switches ON/OFF the 

pump accordingly.In this project, solar panel used to charge the battery a lcd display is 

interfaced to the to display time.  

(Keywords: solar panel, Matrix keypad, RTC, LCD, Arduino) 
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                                           CHAPTER 1 

                                      INTRODUCTION 

1.1 Overview of the project: 

                 The solar energy is converted into electrical energy by photo-voltaic cells. This 

energy is stored in batteries during the day time for it to be utilized to run water pump for 

agriculture. This project deals with a controlled charging mechanism with protections for over 

charge, deep discharge and under voltage of the battery. The project is designed to operate 

water pump at four different time slots. It overcomes the difficulties of switching the pump 

ON/OFF manually. This proposed system has an inbuilt real time clock (RTC) to keep tracking 

the time and thus to switch ON/OFF the pump accordingly. 

This project consisting of a real-time clock (RTC) is interfaced to a microcontroller of the 8051 

family. While the set time equals to the real time, then microcontroller gives command to the 

corresponding relay to turn on the load, and then another command to switch off as 

programmed by the user. Multiple on/off time entry is the biggest advantage with this project. 

A matrix keypad helps entering different time slots. A 7-sement display is interfaced to the 

microcontroller to display time. In this project, a solar panel is used to charge a battery. A set 

of op-amps are used as comparators to continuously monitor panel voltage, load current, etc. 

Indications are also provided by a green LED for fully charged battery while a set of red LEDs 

to indicate under charged, overloaded and deep discharge condition. Charge controller also 

uses MOSFET as power semiconductor switch to ensure cutting of the load in low battery or 

overload condition. A transistor is used to bypass the solar energy to a dummy load while the 

battery gets fully charged. This protects the battery from getting over charged. 

1.2 Hardware Requirements: 

 8051 series Microcontroller. 

 7-Segment Display. 

 RTC. 

 Keypad. 

 Relay. 
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 LED. 

 Crystal. 

 Diodes. 

 Regulator. 

 Capacitors. 

 Resistors. 

 Motor. 

 Solar panel. 

 Op-amps. 

 MOSFET. 

 Battery. 

 

1.3 Why we are using 8051 microcontroller: 

                    In this project a LCD is connected to the Arduino called as 8051 microcontroller 

to display the status of the pump. This project consists of real time clock is interface with to a 

Arduino while the set time equals to the real time, then Arduino gives command to the 

corresponding relay to turn on the load, and then another command to switch off as 

programmed by the user.  A Matrix keypad helps entering different time slots. a LCD display 

is interfaced to Arduino to Display time.  A solar powered pump is a pump running on 

electricity generated by photovoltaic panels or the radiated thermal energy available from 

collected sunlight as opposed to grid electricity or diesel run water pumps. This proposed 

system has an inbuilt real time clock (RTC) to keep tracking the time and thus to switch on/off 

the pump accordingly. This project consisting of a real time clock (RTC) is interfaced to a 

Arduino and display the date and time on LCD. While set time equals to real time then Arduino 

gives command relay to turn on the load.  Arduino read the programme and when set time by 

the programmer is equal to the real time then pump motor on and set time then pump motor 

ON and set time not equal to real time then pump motor off it will be not start. 
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                                                  CHAPTER 2 

                                  HARDWARE DETAILS 

Real Time Clock (RTC)-DS 1302: 

            Real-time clock (RTC) counts seconds, minutes hours, date of the month, month, day 

of the week, and year with leap-year compensation valid up to 2100.It uses burst mode for 

reading/writing successive addresses in clock/RAM 

Pin Diagram: 

                                                   

                                                      Fig2.1: Pin Diagram of RTC-DS 1302 

Pin Description: 

            X1, X2 - 32.768kHz Crystal Pins 

            GND - Ground 

            RST – Reset 

            I/O - Data Input/Output 

            SCLK - Serial Clock 

            VCC1, VCC2 - Power Supply Pins 

            VCC1 – VCC1 provides low-power operation in single supply and battery-operated 

systems as well as low power battery backup 

            VCC2 – VCC2 is the primary power supply pin in a dual-supply configuration. VCC1 

is connected to a backup source to maintain the time and date in the absence of primary power. 

The DS1302 will operate from the larger of VCC1 or VCC2. When VCC2 is greater than VCC1 



4 
 

+ 0.2V, VCC2 will power the DS1302. When VCC2 is less than VCC1, VCC1 will power the 

DS1302. 

SCLK (Serial Clock Input) – SCLK is used to synchronize data movement on the serial 

interface. This pin has a 40kΩ internal pull-down resistor. 

I/O (Data Input/Output) – The I/O pin is the bi-directional data pin for the 3-wire interface. 

This pin has a 40kΩ internal pull-down resistor. 

RST (Reset) – The reset signal must be asserted high during a read or a write. This pin has a 

40kΩ internal pull-down resistor. 

 X1, X2 – Connections for a standard 32.768kHz quartz crystal. The internal oscillator is 

designed for operation with a crystal having a specified load capacitance of 6pF. 

 RAM-The static RAM is 31 x 8 bytes addressed consecutively in the RAM address space. 

 RAM BURST MODE-The RAM command byte specifies burst mode operation. In this 

mode, the 31 RAM registers can be consecutively read or written starting with bit 0 of address 

0. 

 Interfacing the DS1302 with a microprocessor is simplified by using synchronous serial 

communication. Only three wires are required to communicate with the clock/RAM: 1) RST 

(reset), 2) I/O (data line), and 3) SCLK (serial clock). Data can be transferred to and from the 

clock/RAM 1 byte at a time or in a burst of up to 31 bytes. The DS1302 is designed to operate 

on very low power and retain data and clock information on less than 1 microwatt. 

 Here we have used Dallas manufacturing DS 1302 serial interface RTC is connected to P1.0, 

P1.1, P1.2 of Micro Controller (i.e., data clock RST). The bi directional I2C protocol is written 

in Micro Controller for reading, writing the data from the RTC, into the RTC.The RTC is 

having its own crystal running at the rate of 32.768 kHz frequency connected to XTL1, XTL2 

of DS1302.  

The RTC works on 5V to 2V due to CMOS technology. During the power “ON” the 5V is 

applied to the RTC.when power goes “OFF” the RTC utilizes the source from rechargeable 

battery connected to it (3.6V). The battery is continuously charged during power “ON” via 1 

Kilo Ohm resistor from Vcc.whenever Micro Controller needs time and date it gives a 

command to the RTC, based on the timing diagram given by the manufacturer y converting 

parallel data to synchronous serial data. After completion of this command the RTC responds 
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and gives the time and date information to the Micro Controller through the same port. The 

program written in Micro Controller converts serial data into parallel data subsequently stores 

in memory locations of Micro Controller. We have taken the above data in burst mode. The 

reading packet data is unpacked into seconds, minutes, hours, day, month, year, and week. The 

same thing is displayed on the display and used for the further purpose like time comparision, 

week comparison etc.  

BATTERY: 

         An electrical battery is a combination of one or more electrochemical cells, used to 

convert stored chemical energy into electrical energy. The battery has become a common 

power source for many household, robotics, and industrial applications. Larger batteries 

provide standby power for telephone exchanges or computer data centers. 

MOSFET (IRF 510): 

             The metal–oxide–semiconductor field-effect transistor (MOSFET, MOS-FET, or 

MOS FET) is a device used for amplifying or switching electronic signals. The basic principle 

of the device a voltage on the oxide-insulated gate electrode can induce a conducting channel 

between the two other contacts called source and drain. It is by far the most common transistor 

in both digital and analog circuits, though the bipolar junction transistor was at one time much 

more common. 

                                                 

                                                   

                                                        Fig2.2: MOSFET 
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BC547 (NPN –Transistor):  

The BC547 transistor is an NPN Epitaxial Silicon Transistor. It is used in general-purpose 

switching and amplification BC847/BC547 series 45 V, 100 mA NPN general-purpose 

transistors. The ratio of two currents (Ic/Ib) is called the DC Current Gain of the device and is 

given the symbol of hfe or nowadays Beta, (ß). 

                                        

                                                              Fig2.3: BC547 

1N4148:  

The 1N4148 is a standard small signal silicon diode used in signal processing. The 1N4148 is 

generally available in a DO-35 glass package and is very useful at high frequencies with a 

reverse recovery time of no more than 4ns. This permits rectification and detection of radio 

frequency signals very effectively, as long as their amplitude is above the forward conduction 

threshold of silicon (around 0.7V) or the diode is biased. 

                                   

                                                         Fig2.4:1N4148 

https://www.edgefxkits.com/blog/difference-between-npn-and-pnp-transistor/
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Photovoltaic Cells:  

           Photovoltaic (PV) cells are made of special materials called semiconductors such 

as silicon, which is currently the most commonly used. Basically, when light strikes the cell, a 

certain portion of it is absorbed within the semiconductor material. PV cells also all have one 

or more electric fields that act to force electrons freed by light absorption to flow in a certain 

direction. This flow of electrons is a current, and by placing metal contacts on the top and 

bottom of the PV cell, we can draw that current off to use externally. 

                                                                

 

                                                          Fig2.5:PV Cells 

Solar Panel: 

               Expose the cell to light, and the energy from each photon (light particle) hitting the 

silicon, will liberate an electron and a corresponding hole. If this happens within range of the 

electric field’s influence, the electrons will be sent to the N side and the holes to the Pone, 

resulting in yet further disruption of electrical neutrality. This flow of electrons is current; the 

electrical field in the cell causes a voltage and the product of these two is power 

https://www.edgefxkits.com/blog/using-semiconductors-electronics-rather-conductors/
https://www.edgefxkits.com/blog/using-semiconductors-electronics-rather-conductors/
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                                                       Fig2.6: Solar Panel 

Microcontroller: 

It is a smaller computer; it has on-chip RAM, ROM, I/O ports. The main features of this 

microcontroller include the following. 

 

                Fig2.7:Microcontroller 

 Compatible with MCS®-51 Products 

 8K Bytes of In-System Programmable (ISP) 

 Flash memory endurance: 10,000 Write/Erase Cycles 

 4.0V to 5.5V Operating Range 

 Fully Static Operation: 0 Hz to 33 MH 

 z256 x 8-bit Internal RAM 

 32 Programmable I/O Lines 

 Three 16-bit Timer/Counters 
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 Eight Interrupt Sources 

 Full Duplex UART Serial Channel 

 Interrupt Recovery from Power-down Mode 

 Watchdog TimerDual Data Pointer 

Pin diagram: 

The pin diagram of 8051 microcontroller looks as follows − 

                      
                                                Fig2.8:Pin diagram of microcontroller 

 Pins 1 to 8 − These pins are known as Port 1. This port doesn’t serve any other 

functions. It is internally pulled up, bi-directional I/O port. 

 Pin 9 − It is a RESET pin, which is used to reset the microcontroller to its initial values. 

 Pins 10 to 17 − These pins are known as Port 3. This port serves some functions like 

interrupts, timer input, control signals, serial communication signals RxD and TxD, 

etc. 
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 Pins 18 & 19 − These pins are used for interfacing an external crystal to get the system 

clock. 

 Pin 20 − This pin provides the power supply to the circuit. 

 Pins 21 to 28 − These pins are known as Port 2. It serves as I/O port. Higher order 

address bus signals are also multiplexed using this port. 

 Pin 29 − This is PSEN pin which stands for Program Store Enable. It is used to read a 

signal from the external program memory. 

 Pin 30 − This is EA pin which stands for External Access input. It is used to 

enable/disable the external memory interfacing. 

 Pin 31 − This is ALE pin which stands for Address Latch Enable. It is used to 

demultiplex the address-data signal of port. 

 Pins 32 to 39 − These pins are known as Port 0. It serves as I/O port. Lower order 

address and data bus signals are multiplexed using this port. 

 Pin 40 − This pin is used to provide power supply to the circuit. 

RELAY (OR) ACTUATOR: 

A relay is an electrical switch that opens and closes under the control of another 

electrical circuit. In the original form, the switch is operated by an electromagnet to 

open or close one or many sets of contacts. It was invented by Joseph Henry in 1835. 

Because a relay is able to control an output circuit of higher power than the input 

circuit, it can be considered to be, in a broad sense, a form of an electrical amplifier. 

 

                                         

                                                 Fig2.9: Relay 
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Relay Driver (ULN 2003):  

 ULN2003 is a high voltage and high current Darlington transistor array 

 It consists of seven NPN Darlington pairs that feature high-voltage outputs with 

common-cathode Clamp diode for switching inductive loads. 

 The ULN2003 has a 2.7kW series base resistor for each Darlington pair for operation 

directly with TTL or 5V CMOS devices. 

 Current, Output Max:500mA 

 Voltage, Input Max:5V 

 Voltage, Output Max:50V 

                                    

                                                                Fig2.11:Relay Driver 

Liquid Crystal Display (LCD): 

Most common LCDs connected to the microcontrollers are 16×2 and 20×2 displays. This 

means 16 characters per line by 2 lines and 20 characters per line by 2 lines, respectively. The 

standard is referred to as HD44780U, which refers to the controller chip which receives data 

from an external source (and communicates directly with the LCD. 

https://www.edgefxkits.com/blog/interfacing-lcd-with-arduino/
https://www.edgefxkits.com/blog/difference-microprocessor-microcontroller/
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                                                                Fig2.12: LCD 

Seven Segment Display: 
                    

               A seven portion show is the most fundamental electronic show gadget that 

can show digits from 0-9. They are generally utilized as a part of gadgets that show 

numeric data like computerized timekeepers, electronic meters and so on. The most 

well-known design has a variety of 8LEDs organized in an exceptional way to show 

the digits.   

Seven section presentations are most usually accessible in 10 stick bundle in which 

8 pins relate to the 8 LEDs, while the rest of the 2 sticks in the center are normal and 

shorted inside. Seven Segment Displays are accessible in two setups; Common 

cathode (CC) and Common anode (CA).   

In the CC game plan, the negative terminals of all LEDs are associated with the 

normal pins while, the regular is associated with ground. The LED sparkles when 

the comparing pin is given a "High", or rationale "1" flag. The flag can be given out 

by means of a present restricting resistor to forward predisposition the anode 

terminals.  
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                                 Fig 2.13: Seven Segments Display of Common Anode   

In the CA configuration, yo display a number, the common pin is given a high logic 

while the LED pins are given a logic low i.e. logic “0”.  

                              

  

                           Fig2.14: Seven Segments Display of Common Cathode  

 

Diode: 

    A diode is an electronic component with two electrodes (connectors) that 

allows electricity to go through it in one direction and not the other direction.Diodes can be 

used to turn alternating current into direct current (Diode bridge). They are used in power 

supplies and sometimes to decode amplitude modulation radio signals (like in a crystal radio). 

Light-emitting diodes (LEDs) are a type of diode that produce light.Today, the most common 

diodes are made from semiconductor materials such as silicon or sometimes germanium. 

                                                            

                                                                     Fig2.15:Diode 

CONSTRUCTION:- 

                         Semiconductor diodes are made of two types of semiconductors connected to 

each other. One type has atoms with extra electrons (called the n-side). The other type has 

atoms that want electrons (called the p-side). Because of this, the electricity will flow easily 

from the side with too many electrons to the side with too few. However, electricity will not 

flow easily in the reverse direction. These different types are made by doping (semiconductor). 

https://simple.wikipedia.org/wiki/Electronic_component
https://simple.wikipedia.org/wiki/Electrode
https://simple.wikipedia.org/wiki/Electricity
https://simple.wikipedia.org/wiki/Alternating_current
https://simple.wikipedia.org/wiki/Direct_current
https://simple.wikipedia.org/wiki/Diode_bridge
https://simple.wikipedia.org/wiki/Amplitude_modulation
https://simple.wikipedia.org/wiki/Crystal_radio
https://simple.wikipedia.org/wiki/LED
https://simple.wikipedia.org/wiki/Semiconductor
https://simple.wikipedia.org/wiki/Silicon
https://simple.wikipedia.org/wiki/Germanium
https://simple.wikipedia.org/wiki/Doping_(semiconductor)
https://simple.wikipedia.org/wiki/File:Diode_3D_and_ckt.png
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Silicon with arsenic dissolved in it makes a good n-side semiconductor, while silicon with 

aluminum dissolved in it makes a good p-side semiconductor. Other chemicals can also work. 

The connector to the n-side is called the cathode, the connector to the p-side is called the anode. 

CAPACITOR:-  

               

       A capacitor is a device that stores electrical energy in an electric field. It is 

a passive electronic component with two terminals. 

The effect of a capacitor is known as capacitance. While some capacitance exists between any 

two electrical conductors in proximity in a circuit, a capacitor is a component designed to add 

capacitance to a circuit. The capacitor was originally known as 

a condenser or condensator.[1] This name and its cognates are still widely used in many 

languages, but rarely in English, one notable exception being condenser microphones, also 

called capacitor microphones. 

Resistor: 

           A resistor is a passive two-terminal electrical component that implements electrical 

resistance as a circuit element. In electronic circuits, resistors are used to reduce current flow, 

adjust signal levels, to divide voltages, bias active elements, and terminate transmission lines, 

among other uses. High-power resistors that can dissipate many watts of electrical power as 

heat, may be used as part of motor controls, in power distribution systems, or as test loads 

for generators. Fixed resistors have resistances that only change slightly with temperature, time 

or operating voltage. Variable resistors can be used to adjust circuit elements (such as a volume 

control or a lamp dimmer), or as sensing devices for heat, light, humidity, force, or chemical 

activity. 

Resistors are common elements of electrical networks and electronic circuits and are 

ubiquitous in electronic equipment. Practical resistors as discrete components can be composed 

of various compounds and forms. Resistors are also implemented within integrated circuits. 

The electrical function of a resistor is specified by its resistance: common commercial resistors 

are manufactured over a range of more than nine orders of magnitude. The nominal value of 

the resistance falls within the manufacturing tolerance, indicated on the component. 

 

https://en.wikipedia.org/wiki/Electrical_energy
https://en.wikipedia.org/wiki/Electric_field
https://en.wikipedia.org/wiki/Passivity_(engineering)
https://en.wikipedia.org/wiki/Electronic_component
https://en.wikipedia.org/wiki/Terminal_(electronics)
https://en.wikipedia.org/wiki/Capacitance
https://en.wikipedia.org/wiki/Electric_circuit
https://en.wikipedia.org/wiki/Capacitor#cite_note-duff-1
https://en.wikipedia.org/wiki/Cognates
https://en.wiktionary.org/wiki/capacitor#translations
https://en.wiktionary.org/wiki/capacitor#translations
https://en.wikipedia.org/wiki/Microphone#condenser
https://en.wikipedia.org/wiki/Passivity_(engineering)
https://en.wikipedia.org/wiki/Terminal_(electronics)
https://en.wikipedia.org/wiki/Electronic_component
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Biasing
https://en.wikipedia.org/wiki/Transmission_line
https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Electric_generator
https://en.wikipedia.org/wiki/Electrical_network
https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Integrated_circuits
https://en.wikipedia.org/wiki/Orders_of_magnitude
https://en.wikipedia.org/wiki/Engineering_tolerance#Electrical_component_tolerance
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Motor: 

It has been said that if the Ancient Romans, with their advanced civilization and 

knowledge of the sciences, had been able to develop a steam motor, the course of history would 

have been much different. The development of the electric motor in modern times has indicated 

the truth in this theory.  

The development of the electric motor has given us the most efficient and effective means to 

do work known to man. Because of the electric motor we have been able to greatly reduce the 

painstaking toil of man's survival and have been able to build a civilization, which is now 

reaching to the stars.  

The electric motor is a simple device in principle. It converts electric energy into mechanical 

energy. Over the years, electric motors have changed substantially in design, however the basic 

principles have remained the same. In this section of the Action Guide we will discuss these 

basic motor principles. We will discuss the phenomena of magnetism, AC current and basic 

motor operation.  

MAX232N: 

The MAX232N is an integrated circuit first created in 1987 by Maxim Integrated Products that 

converts signals from a TIA-232 (RS-232) serial port to signals suitable for use in TTL-

compatible digital logic circuits. The MAX232 is a dual transmitter / dual receiver that typically 

is used to convert the RX, TX, CTS, RTS signals. 

The drivers provide TIA-232 voltage level outputs (about ±7.5 volts) from a single 5-volt 

supply by on-chip charge pumps and external capacitors. This makes it useful for 

implementing TIA-232 in devices that otherwise do not need any other voltages. 

The receivers reduce TIA-232 inputs, which may be as high as ±25 volts, to standard 5 

volt TTL levels. These receivers have a typical threshold of 1.3 volts and a typical hysteresis of 

0.5 volts. 

The MAX232N replaced an older pair of chips MC1488 and MC1489 that performed similar 

RS-232 translation. The MC1488 quad transmitter chip required 12 volt and -12 volt power, 

and MC1489 quad receiver chip required 5 volt power.[2] The main disadvantages of this older 

https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Maxim_Integrated_Products
https://en.wikipedia.org/wiki/RS-232
https://en.wikipedia.org/wiki/Transistor-transistor_logic
https://en.wikipedia.org/wiki/Volt
https://en.wikipedia.org/wiki/Charge_pump
https://en.wikipedia.org/wiki/Capacitor
https://en.wikipedia.org/wiki/Transistor-transistor_logic
https://en.wikipedia.org/wiki/Hysteresis
https://en.wikipedia.org/wiki/MAX232#cite_note-2
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solution was the +/- 12 volt power requirement, only supported 5 volt digital logic, and two 

chips instead of one. 

                                      

                                                       Fig2.16:MAX232N 

 

                                                 

 

 

 

 

                                                      

 

 

 

 

                                                    

 

https://en.wikipedia.org/wiki/File:MAX232_Pinout.svg
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                                                       CHAPTER 3 

Circuit diagram: 

             

 

 

Hardware components and its ratings: 

           Components                                                Ratings 

 Motor                                         -                        Synchronous DC motor 

 NPN transistors                          -                        BC -547, XY-11 

 Regulator                                    -                        L78051cv 

 Crystal oscillator                        -                         KDS 110592NHZ 

 Display                                       -                         JHD162A 

 Battery                                        -                        5v, 60mAh 
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 RTC                                            -                        DS 1302 

                                                                             1012A4 

 Capacitor                                     -                        10µF , 30v 

 Capacitor                                     -                        2200µF,25v 

 Diode                                           -                        1007 

 IC                                                 -                        MAX 232N 

 Relay                                            -                        HAT902CSDC12 

                                                                               NO:30A 240V AC 

                                                                               NC:20A 240V AC 

                                                                                     30A 28V DC 

 MC                                                -                        AT89552 

                                                                                 24 PU 

                                                                                  1902 

 

Timer circuit diagram: 

 

                                                 Fig3.1: Timer circuit diagram 
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Operation: 

After power on, the timer displays the basic information and subsequently checks for free keys 

S1, S2, S3. If  three keys are operated simultaneously, the program enters in to the setting mode 

if not enters in to the general operation mode. In this general operation mode the program 

written in the micro controller reads the scheduled data from EEPROM and load it in RAM of 

micro controller. After that the micro controller reads the time from RTC and subsequently 

compares the schedule in the RAM if both are matched then it operates the relay (The relay on 

time can be programmed in the setting mode.) after that the relay enters in to the off state. In 

this timer we can attach number of small bells after the long bell which can be programmed in 

the setting mode. The more facility we have given each and every day can be programmed 

separately with 20 intervals per day. The relay output can be connected to bells, sirens or any 

other electrical operated equipment. 
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                                               CHAPTER 4 

Problem Declaration: 

             From past days we're utilizing non-renewable wellsprings of energy in abundance 

amount for our requirements. As these sorts of crude materials like coal and so forth are 

depleting, so we need to rely on upon the renewable wellsprings of energy like sun based, wind, 

and so on. For minor application it is ideal to utilize renewable energy. A large portion of the 

open frameworks are physical framework. The manual framework needs work for checking the 

productivity and wellbeing crop. In perspective of work's compensation, the framework will 

cost significantly more than the programmed framework, in which there is no support to the 

framework. The cultivator himself needs to check the dampness level of the dirt and needs to 

settle on a choice whether the field requires water or not. Along these lines of investigating the 

dampness level is not right and this hindrance can be killed by utilizing soil dampness sensor 

which is been utilized as a part of our design. In addition, the temperature mandatory for the 

harvests to support, varies from yields to crops. In the event that the temperature increments or 

reductions than the anticipated temperature, it might influence the nature of the harvests. This 

issue can be overcome by utilizing the protective system, along these lines keeping up the 

favoured temperature.  

  

Movement of working: 

       A most vital piece of this project is the Real-Time Clock (RTC) which is burying 

confronted to a microcontroller of the AVR family. At the point when the time set by the client 

is equivalent to the continuous, and after that the microcontroller offers order to the 

proportional hand-off, which thusly turns ON the heap, and afterward another charge to kill the 

heap as entered by the client. The greatest advantage with this venture is that few ON/OFF time 

qualities can be entered (this should be possible with the grid keypad).To show time, a 7-sement 

show can be utilized. In this improvement, a sunlight based board is utilized to charge a battery. 

An arrangement of operation amps are utilized as comparators to continually screen board 

voltage, stack current, and so on. Signs are likewise given by a green LED to completely 

charged battery while an arrangement of red LEDs indicate under charged, over-burden and 

profound release condition. Charge controller additionally utilizes MOSFET as power 

semiconductor change to ensure cutting of the heap in low battery or over-burden circumstance. 
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A transistor is utilized to sidestep the sun oriented vitality to a tailor's spurious load while the 

battery gets completely charged. This shields the battery from getting over charged.  

 

Working of the project: 

               The working of the project can be understood by use of the flow chart and block 

diagram for the run of the pump in different time slot. 

                                     

 Fig4.1: Block diagram of solar water pump with smart time control for power saving 

application.  
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Fig4.2: Flow chart of solar water pump with smart time control for power saving application. 

There are three main components used in our project.  

1. RTC 

2. Matrix keypad 

3.  LCD  

 For working of solar water pump, power supply is main priority using Arduino we prepaid the 

power supply. Now for mechanical structure we used wooden block which shape triangular.  

For converting solar energy into electrical energy we used solar panel. We can be converting 

solar energy through solar panel by using the solar cells and we can store supply in to the 

battery by connecting one diode between the solar panel and battery. We have provided the 

facility of automatic switch off after the required time durations. This is archived or carried out 

using Arduino. A LCD is connected to Arduino to display the status of the pump. Arduino 

gives command to the corresponding relay to turn on the load. We have done our programming 

in C language in Arduino software. We can display the real time and date using RTC. Motor 

starts to run and then after completing the time entered by the Metrix keypad, relay turns off 

and motor is stop to run. Solar panel absorb the sunlight as a source of energy to generate 

electricity. Solar panel gives electrical energy to battery for storage purpose. A battery is a 

device which collect the electrical energy from the solar panel and stored it in chemical form.  
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This project provides the facility of automatic switch off after the required time duration. This 

is achieved by using Arduino microcontroller. A LCD is connected to the arduino to display 

the status of the pump.  

  

This project consists of real time clock is interface with to a  Arduino  while the set time equals 

to the real time, then Arduino  gives command to the corresponding relay to turn on the load, 

and then another command to switch off as programmed by the user. A Matrix keypad helps 

entering different time slots. a LCD display is interfaced to Arduino  to Display time. A solar 

powered pump is a pump running on electricity generated by photovoltaic panels or the radiated 

thermal energy available from collected sunlight as opposed to grid electricity or diesel run 

water pumps.   

        

This proposed system has an inbuilt real time clock (RTC) to keep tracking the time and thus 

to switch on/off the pump accordingly. This project consisting of a real time clock (RTC) is 

interfaced to a Arduino and display the date and time on LCD. While set time equals to real 

time then Arduino gives command relay to turn on the load. Arduino read the programme and 

when set time by the programmer is equal to the real time then pump motor on and set time 

then pump motor ON and set time not equal to real time then pump motor off it will be not 

start. 

Hardware results: 

.Results: 

 We have demonstrated this project by built a prototype model of solar powered 

pumping system. We have used DC motors and connected it to the relay driver circuit. 

A relay is used for switching operation.  

 By running this prototype model we got results as water supplied to the farm , garden. 

When set time is eqal to real time. The status of the pump can be known by using 

LCD display. The supply of water is completed by using submurcible pump. 

 We have used real time clock [RTC]. which have display real time and real date on 

LCD by interfacing with the arduino. We have set the time for running of the pump. 

 Arduino compare this set time with the real time which is display on LCD. After that, 

whenever set time is equal to real time arduino gives command to corresponding relay 

to turn on the load. 
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 Generally relays mostly are used for protection, but here we have used for switching 

purpose. So by using relay, DC motor is operate and supply of water from tank or 

reservoir to the farm is to be done. 

 The solar panel is used to covert the solar energy into electrical energy and stored 

supply in to the battery in chemical form. One diode is connected between solar panel 

and battery 

 The diode is uni-directional device so current can flow only in one direction, so 

reverse current cannot flow. This is the reason behind that providing one diode 

between solar panel and battery. 
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                                                    CHAPTER 5 

Conclusions: 

        Our solar water pump with smart time control project provide the unique features like it 

provide zero maintenance. Long useful life, no fuel requirement, no contamination and 

comparatively easier installation etc compared to the diesel power pumping system. Solar water 

pump with smart timing control provides different time slots for pump working. It also reduces 

the human efforts. One advantage of this system is produces water when it’s needed most this 

system makes a batter way to develop in area where grid electricity is unavailable and 

alternative sources do not provide sufficient energy. 

Advantages: 

• Energy is saved. 

• Dependable and long life. 

• Produces water when it’s required most. 

• Low labor and preservation costs. 

• No fuel costs. 

• Easy to take away, transport and store. 

• Non-polluting. 

 

Future scope: 

     With headway in innovation, the frameworks can be made all the more simple to utilize. 

The proposed framework can be further enhanced by conveying a GSM show. The client can 

deal with the engine pump from an out of reach area utilizing his cell phone. The client can 

likewise get the water level sign of the tank and overhead stockpiling tank on his cell phone. 

These advances are now open in the market; however as of now they is not all that well known. 

Likewise, to check the rightness of the dirt, the framework can be settled with sensors like; 

Humidity sensor, pH sensor, Temperature sensors and so forth which can supply the client with 

data about the dirt condition through a SMS on his cell phone.  
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                                  PROJECT PROFORMA 

 

 

Classification of Project 

Application Product Research Review 

  
 

 

        

 

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

                                                          Mapping Table 

 

Project 

Outcomes 

Programme 

Outcomes 

(POs) 

PSOs 

PO

1 

PO

2 

PO

3 

PO

4 

PO

5 

PO

6 

PO

7 

PO

8 

PO

9 

P

O 

10 

P

O 

11 

P

O 

12 

PSO

1 

PSO

2 

Outcom

e 1 

2 2 3 2 3 3 2 3 2 2 2 2 2 2 

Outcom

e 2 

3 2 3 2 3 3 1 3 2 3 1 3 3 2 

Outcom

e 3 

3 3 3 2 3 3 2 2 2 2 1 2 2 1 

Outcome 

4 

3 3 3 3 3 3 2 3 2 2 1 2 2 2 

 

1-Slightly (Low) mapped 2-Moderately (Medium) mapped  

3-Substantially (High) mapped 
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Programme Outcomes: 

1)Engineering knowledge: Apply the knowledge of mathematics, science, engineering  

fundamentals and an engineering specialization for the solution of complex engineering  

problems. 

2) Problem analysis: Identify, formulate, research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3) Design/development of solutions: Design solutions for complex engineering   

problems and design system components or processes that meet the specified needs 

with appropriate consideration for public health and safety, and cultural, societal, and 

environmental considerations. 

4) Conduct investigations of complex problems: Use research-based knowledge 

and research methods including design of experiments, analysis and interpretation 

of data, and synthesis of t h e information to provide valid conclusions. 

5) Modern tool usage: Create, select, and apply appropriate techniques, 

resources, and Modern engineering and IT tools, including prediction and 

modeling to complex engineering activities, with an understanding of the 

limitations. 

6) The engineer and society: Apply reasoning informed by the contextual 

knowledge to assess societal, health, safety, legal, and cultural issues and the 

consequent responsibilities relevant to the professional engineering practice. 

7) Environment and sustainability: Understand the impact of the professional 

engineering solutions in societal and environmental contexts, and demonstrate 

the knowledge of, and need for sustainable development. 

8) Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of the engineering practice. 

9) Individual and team work: Function effectively as an individual, and as a 

member or leader in diverse teams, and in multidisciplinary settings. 

10) Communication: Communicate effectively on complex engineering activities 

with the engineering community and with the society at large, such as, being able 

to comprehend and write effective reports and design documentation, make 

effective presentations, and give and receive clear instructions. 
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11)Project management and finance: Demonstrate knowledge and understanding of  

the engineering  and management principles and apply these to one’s own work, as a  

member andleader in a team, to manage projects and in multidisciplinary environments. 

 

12) Life-long learning: Recognizes the need for, and have the preparation and 

ability to engage in independent and life-long learning in the broadest context of 

technological change. 

 

Programme Specific Outcomes(PSO): 

1) Apply the knowledge of circuit design, analogy & digital electronics to the field of 

electrical and electronics systems 

2) Analyze, design and develop control systems, industrial drives and power systems 

using modern tools. 
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 ABSTRACT 

In Today’s world as most industrial loads such as induction motors operate at moderately low 

power factors. Around 60% of the utility load consists of motors and hence the overall power 

factor of the power system is low. Depending on the level of the load, these motors are 

inherently low power factor devices. The power factor of these motors varies from 0.30 to 

0.95, depending on the size of the motor and other operating conditions. Therefore, the power 

factor level is always a concern for industrial power systems, utilities, and the user. The system 

performance can be improved by correcting the power factor. Since the number of power 

electronic based devices is increasing, a comprehensive static VAR compensator consisting of 

capacitor bank in sequential steps in conjunction with a thyristor controlled reactor of smallest 

step size is employed. 

This project deals with the performance evaluation through analytical studies and practical 

implementation on an existing system. A fast acting error adaptive controller is developed 

suitable both for contactor and thyristor switched capacitors. The switching operations 

achieved are transient free, practically no need to provide inrush current limiting reactors, TCR 

size minimum providing small percentages of harmonics, facilitates stepless variation of 

reactive power depending on load requirement so as maintain power factor near unity always. 

It is elegant, closed loop microcontroller system having the features of self regulation in 

adaptive mode for automatic adjustment. The controller developed is new, adaptable to both 

LT & HT systems and practically established to be giving reliable performance 
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                                             CHAPTER 1 

                                    INTRODUCTION 

1.1 INTRODUCTION  

 In the present technological revolution, power is very precious and the power system is 

becoming more complex with each passing day. As it becomes necessary to transmit each unit of 

power generated over increasing distances with minimum loss of power. However with 

increasing number of inductive loads, large variations in load etc., the losses have also increased 

manifold. Hence, it has become prudent to find out the cause of power loss and improve the 

power system. Due to increasing use of inductive loads, the load power factor decreases 

considerably which increases the losses in the system and hence power system losses its 

efficiency. 

An automatic power factor correction device reads the power factor from line voltage and 

line current by determining the delay in the arrival of the current signal with respect to voltage 

signal from the source with high accuracy by using an internal timer. It determines the phase 

angle lag between the voltage and current signals and then determines the corresponding power 

factor. Then the microcontroller calculates the compensation requirement and accordingly 

switches on the required number of capacitor bank until the power factor normalized to about 

unity. Automatic power factor correction techniques can be applied to industrial units, power 

systems and also household to make them sold. As a result, the system becomes stable and 

efficiency of the system as well as of the apparatus increases. Therefore, the use of 

microcontroller based power factor corrector results in reduces overall costs for both the 

consumer and the suppliers of electrical energy. 

 Power factor correction using capacitor banks reduces reactive power consumption 

which will lead to minimization of losses and at the same time increases the electrical system’s 

efficiency. Power saving issues and reactive power management has led to the development of 

single phase capacitor banks for domestic and industrial applications. The development of this 

project is to enhance and upgrade the operation of single phase capacitor banks by developing 

micro-processor based control system. The control unit will be able to control capacitor bank 

operating step based on the varying load current. Current transformer is used to measure the load 

current for sampling purposes. Intelligent control using this micro-processor control unit ensures 
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even utilization of capacitor steps, minimizes the number of switching operations and optimizes 

power factor correction. The choke used in the compact fluorescent lamp (CFL) will be used as 

an inductive load. 

1.2BACK GROUND 

Electrical energy efficiency is of prime importance to industrial and commercial 

companies operating in today’s competitive markets.  As society becomes increasingly conscious 

of its impact on the environmental, reduced energy consumption becomes more desirable, which 

is an achievable goal for everyone. Through the use of measures such as power factor correction, 

electricity consumption is optimized, which ultimately leads to reduced energy consumption and 

reduced CO2 greenhouse gas emissions.  

            Within a cost-conscious market, payback considerations are also important. This 

report identifies the most appropriate application for power factor correction based on energy 

consumption, tariff metering, cost payback and emission reduction. Power factor correction is an 

appropriate means by which to improve the power quality of an installation. Its application is 

dependent though on the size of the installation and the extent that power factor correction needs 

to be applied. The opportunity however exists to make a significant environment contribution 

while simultaneously providing economic benefit.  

            Currently, the effective use of the capacitor bank as power factor correction 

device has been its use as a capacitor bank for domestic use. Also, known as energy stability, it 

will correct power factor based on the concept of employing a capacitor as a compensator of 

reactive current in the single phase electric circuit. However, this device proves to be less 

efficient because of its static operation i.e. the compensation does not vary with changes in the 

load. 

The project titled – Automatic power factor correction was developed to enable operation 

of a single-phase capacitor bank to control the power factor such that it follows the change in the 

load. The present single phase capacitor bank was not able to operate with an increase or 

reduction in the load on the power system. Because the present system could not detect load 

rating that changed, its operation was inefficient and power factor correction thus obtained was 

not optimum. This project is using fluorescent magnetic ballast as the load. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 INTRODUCTION 

 Power factor is the ratio of true power or watts to apparent power Volt-amperes. They are 

identical only when current and voltage are in phase then the power factor is Unity. The power in 

an ac circuit is very seldom equal to the direct product of the volts and amperes. In order to find 

the power of a single-phase ac circuit the product of volts and amperes must be multiplied by the 

power factor. Ammeters and voltmeters indicate the effective value of amps and volts. True 

power or watts can be measured with a wattmeter. If the true power is 1870 watts and the volt 

amp reading is 2200, then the power factor is 0.85 or 85%. True power divided by apparent 

power. The power factor is expressed in decimal or percentage. Low power factor is usually 

associated with transformers and motors. An incandescent bulb would have a power factor of 

close to 1.0. A one hp motor has a power factor of about 0.80. With low power factor loads, the 

current flowing through electrical system components is higher than necessary to do the required 

work. These result in excessive heating, which can damage or shorten the life of the equipment. 

A low power factor will also cause low-voltage conditions, resulting in dimming of lights and 

sluggish motor operation. Low power factor is usually not that much of a problem in residential 

houses. It does however become a problem in industries where multiple numbers of large motors 

are used. So there is a requirement to correct the power factor in industries. Generally, the power 

factor correction capacitors are used for power factor correction. 

 

2.2 POWER FACTOR 

 For a DC circuit the power in the circuit is given by P=VI and this relation also holds 

good for the instantaneous power in an AC circuits. However, the average power in an AC 

circuit expressed in terms of rms voltage and current is: 

 

Pavg =VIcosφ 

Where, φ is the phase angle between the voltage and current. The term cosφ is called the power 

factor. Power factor is the ratio between the KW and the KVA drawn by an electrical load where 
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the kW is the actual load power and the KVA is the apparent load power. It is a measure of how 

effectively the current is being converted into useful work output and more particularly is a good 

indicator of the effect of the load current on the efficiency of the supply system. 

 

      

     

 

                                                             Apparent 

                  Active 

                                               

                                                              Reactive 

                                                  Fig 2.2 : Power Triangle 

A load with a power factor of 1.0 result in the most efficient loading of the supply and a 

load with a power factor of 0.5 will result in much higher losses in the supply system. A poor 

power factor can be the result of either a significant phase difference between the voltage and 

current at the load terminals or it can be due to a high harmonic content or disorder/discontinues 

current waveform. Poor load current phase angle is generally the result of an inductive load such 

as an induction motor, power transformer, lighting ballasts, welder or induction furnace. A 

distorted current waveform can be the result of a rectifier, variable speed drive, switched mode 

power supply, discharge lighting or another electronic load. 

A poor power factor due to an inductive load can be improved by the addition of power 

factor correction, but, a poor power factor due to a distorted current waveform requires a change 

in equipment design or expensive harmonic filters to gain an appreciable improvement. Many 

inverters are quoted as having a power factor of better than 0.95 when in reality, the true power 

factor is between 0.5 and 0.75. The figure of 0.95 is based on the cosine of the angle between the 

voltage and current but does not take into account that the current waveform is discontinuous and 

therefore contributes to increased losses on the supply. 
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2.3 Ac response of the elements 

2.3.1Inductor 

 An inductor with AC supply is shown in the figure below along with its Phasor diagram, 

which shows the phase angle between current and voltage. In case of inductor, voltage leads 

current by 900. The voltage across an inductor leads the current because the Lenz law behavior 

resists the buildup of the current and it takes a finite time for an imposed voltage to force the 

buildup of current to its maximum. 

 

 

 

 

 

                                                  Fig2.3.1(a): Inductor 

 

 

  

Fig 2.3.1(b):  Waveform and phasor diagram of V and I across the Inductor 

  

2.3.2 Capacitor 

 A capacitor with AC supply is shown in the figure below along with the waveform and 

Phasor diagram, which shows that the phase angle between current and voltage. In case of a 
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capacitor, voltage lags behind by current 900. The voltage across a capacitor lags the current 

because the current must flow to build up charge and the voltage is proportional to that charge 

which is built up on the capacitor plates. 

 

 

Fig 2.3.2 (a):  Capacitor 

 

Fig2.3.2(b): Wave form and phasor diagram of V and I across the Capacitor 

2.3.3 Resistor 

 For ordinary currents and frequencies, the behavior of a resistor is that a dissipative element 

which converts electrical energy into heat. It is independent of the direction of current flow and 

the frequency. So we say that the AC impedance of a resistor is the same as its DC resistance. 

 

 

Fig 2.3.3(a):Resistor 
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Fig2.3.3(b): Wave form and phasor diagram of Vand I across the resistor 

 

2.4 Causesof Low Power Factor 

The main cause of low power factor is Inductive Load. As in pure inductive circuit, 

Current lags 90° from Voltage, this large difference of phase angle between current and voltage 

causes zero power factor. Basically, all those circuit having Capacitance and inductance (except 

resonance circuit (or Tune Circuit) where inductive reactance = capacitive reactance (XL = Xc), 

so the circuit becomes a resistive circuit), power factor would be exist over there because 

Capacitance and inductance causes in difference of phase angle (θ) between current and voltage. 

There are a lot of disadvantages of low Pf and we must improve Pf. 

  

Following are the causes of low Power factor 

i Inductive loads 

ii. Varying Load in Power System 

iii. Electrical discharge lamps (High intensity discharge lighting) Arc lamps  

iv. Harmonic Currents 

i.Inductive Loads 

• 90% of the industrial load consists of Induction Machines (1-phase and 3-phase). Such 

machines draw magnetizing current to produce the magnetic field and hence work at 

low power factor. 

• For Induction motors, the pf is usually extremely low (0.2 - 0.3) at light loading 

conditions and it is 0.8 to 0.9 at full load. 

• The current drawn by inductive loads is lagging and results in low pf. 

http://electricaltechnology.org/?p=111
http://electricaltechnology.org/?p=76
http://www.electricaleasy.com/search/label/Induction%20Motor
http://www.electricaleasy.com/2014/02/working-principle-and-types-of.html
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•   Other inductive machines such as transformers, generators, arc lamps, electric 

furnaces etc work at low p.f . 

ii.Variations In Power System Loading 

 According to different seasons and time, the loading conditions of the power system 

vary. There are peak as well as low load periods. 

• When the system is loaded lightly, the voltage increases and the current drawn by the 

machines also increases. This results in low power factor. 

iii.Harmonic Currents 

• The presence of harmonic currents in the system also reduces the power factor. 

• In some cases, due to improper wiring or electrical accidents, a condition known as 3-ϕ 

power imbalance occurs. This results in low power factor too. 

 

2.5 Disadvantages of Low power Factor 

2.5.1 Large Copper Losses 

We know that Line Losses is directly proportional to the square of Current “I2” 

Power Loss = I2xR i.e., 

The larger the current, the greater the line losses i.e. I>>Line Losses.In other words,   

Power Loss = I2*R = 1/CosФ2 ….. 

 Refer to Equation    “I ∝ 1/CosФ”….… (1) 

Thus, if Power factor = 0.8, then losses on this power factor =1/CosФ2 = 1/ 0.82 = 1.56 times will 

be greater than losses on Unity power factor. 

 

 2.5.2. Large KVA rating and size of electrical equipment and switch gear 

As we know that almost all electrical machinery (Transformers, alternators, switchgear 

etc.,) are rated in KVA. But from the given equation: 

CosФ = KW/ KVA 

 

       It is clear that the power factor is inversely proportional to the KVA. Therefore, the lower 

the power factor, the larger the KVA rating and also larger the size of the machines. 

 

http://www.electricaleasy.com/2014/03/electrical-transformer-basic.html
http://www.electricaleasy.com/2014/02/AC-generator-alternator-construction-working.html


Gudlavalleru Engineering college Page 9 
 

2.5.3. Greater conductor size and costs 

In case of low power factor conditions on the power system the current will be increased. 

In order to transmit this high current, the conductor size will have to be increased. As the size of 

conductor increases, the cost of the material, support structure, manpower required also increases 

manifold, leading to an overall increase in the cost. 

 

2.5.4. Poor voltage regulation and large voltage drop 

The voltage drop in the power system is given by: 

V = I * Z 

Now, in case of a low power factor, the overall current in the circuit will be increased. So 

the       larger the current the larger is the voltage drop.                                                                                              

As Voltage Regulation is the change in voltage from no-load to full-load expressed as a 

percentage of full-load and is given by: 

V.R = (( Vno-load –Vfull-load)/Vfull-load)*100 

In case of low power factor (lagging) there would be a large voltage drop which leads to 

low voltage regulation. Therefore, in order to maintain the voltage drop with in permissible 

limits we have to install extra regulation equipment such as voltage regulators. 

 

2.5.5. Low efficiency 

In case of low Power Factor, there would be large voltage drop and large line losses and 

this will cause the system or equipment efficiency too low. For instant, due to low power factor, 

there would be large line losses; therefore, alternator needs high excitation, thus, generation 

efficiency would be low. 

 2.5.6. Penalty from Electric Power Supply Company on Low Power factor 

Electrical Power Supply Company imposes a penalty of power factor below 0.95 lagging 

in Electric power bill. So, you must improve power factor above 0.95.  

2.6. Need for the power factor correction 

Power factor correction attempts to adjust the power factor of an AC load or an AC 

power transmission system to unity (1.0) through various methods. Simple methods include 

effects of the load, respectively. For example, the inductive effects of the motor loads may be 
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offset by locally connected capacitors. It is also possible to effect power factor correction with an 

unloaded synchronous motor excitation and can be made to behave like a capacitor when over 

excited. 

 Non-linear loads create harmonic currents in additional to the original AC currents. The 

simple correction techniques described above do not cancel out the reactive power at harmonic 

frequencies, so more sophisticated techniques must be used to correct for non-linear loads. 

Power factor correction is desirable because the source of electrical energy must be 

capable of supplying real power as well as any reactive power demanded by the load. This can 

require large, more expensive power plant equipment, transmission lines, transformers, switches 

etc., than would be necessary for only real; power delivered. Also, resistive losses in the 

transmission lines mean that some of the generated power is wasted because the extra current 

needed to supply reactive power only serves to heat up the power lines. 

The electric utilities therefore put a limit on the power factor of the loads that they will 

supply. The ideal figure for load power factor is unity (1.0), that’s a pure resistive load, because 

it requires the smallest current to transmit given amount of real power. Real loads deviate from 

this ideal condition. Electric motor loads are phase lagging (inductive), therefore requiring 

capacitor banks to counter their inductances. Sometimes, when the power factor is leading due to 

capacitive loading, inductors (also known as reactors in this context) are used to correct the 

power factor. In the electric industry, inductors are said to consume reactive power and 

capacitors are said to supply it, even though the reactive power is actually just moving back and 

forth between each AC cycle. Electric utilities measure reactive power used by high demand 

customers and charge higher rates accordingly. Some consumers install power factor correction 

schemes at their factories to cut down on these higher costs. 

 

2.7. Types of Power Factor Correction Equipment 

The following devices and equipment are used for Power Factor Improvement 

1.Static Capacitor 

2.Synchronous Condenser 

3.Phase Advancer 

4.Facts devices 
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2.7.1. Static Capacitor 

We know that most of the industries and power system loads are inductive that take 

lagging current which decrease the system power factor. For Power factor improvement purpose, 

Static capacitors are connected in parallel with those devices which work on low power factor. 

These static capacitors provide leading current which neutralize (totally or approximately) the 

lagging inductive component of load current (i.e. leading component neutralize or eliminate the 

lagging component of load current) thus power factor of the load circuit is improved. 

These capacitors are installed in Vicinity of large inductive load e.g. Induction motors 

and transformers etc, and improve the load circuit power factor to improve the system or devises 

efficiency. 

 

                      Fig2.7.1 Static capacitors circuit and phasor diagram  

 

Suppose, here is a single phase inductive load which is taking lagging current (I) and the 

load power factor is CosФ1 as shown in figure. A Capacitor (C) has been connected in parallel 

with load. Now a current (Ic) is flowing through Capacitor which lead 90° from the supply 

voltage (Capacitor provides leading Current i.e., In a pure capacitive circuit, Current leading 

90° from the supply Voltage, in other words, Voltage are 90° lagging from Current). The load 

current is (I). The Vectors combination of (I) and (Ic) is (I’) which is lagging from voltage at θ2 . 

 θ2< θ1i.e. Angle of θ2 is less than from angle of θ2. Therefore, Cosθ2 is less than from Cosθ1 

(Cosθ2> Cosθ1). Hence the load power factor is improved by capacitor. 

Also note that after the power factor improvement, the circuit current would be less than from 

the low power factor circuit current. Also, before and after the power factor improvement, the 

active component of current would be same in that circuit because capacitor eliminates only 
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the re-active component of current. Also, the Active power (in Watts) would be same after and 

before power factor improvement. 

 

Advantages 

➢ Capacitor bank offers several advantages over other methods of power factor 

improvement. 

➢ Losses are low in static capacitors. 

➢ There is no moving part, therefore it requires less maintenance. 

➢ It can work in normal conditions (i.e. ordinary atmospheric conditions). 

➢ Do not require a foundation for installation. 

➢ They are lightweight so it is can be easy to installed. 

 

Disadvantages 

➢ The age of static capacitor bank is less (8 – 10 years). 

➢ With changing load, we have to ON or OFF the capacitor bank, which causes switching 

surges on the system. 

 

 

2.7.2. Synchronous Condenser 

When a Synchronous motor operates at No-Load and over-exited then it’s called a 

synchronous Condenser. Whenever a Synchronous motor is over-exited then it provides leading 

current and works like a capacitor. 

When a synchronous condenser is connected across supply voltage (in parallel) then it 

draws leading current and partially eliminates the re-active component and this way, power 

factor is improved. Generally, synchronous condenser is used to improve the power factor in 

large industries. 

 

Advantages 

• Long life (almost 25 years) 

• High Reliability 

http://electricaltechnology.org/?p=118
http://electricaltechnology.org/?p=118
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• Step-less adjustment of power factor. 

• No generation of harmonics of maintenance  

• The faults can be removed easily 

• It’s not affected by harmonics. 

• Require Low maintenance (only periodic bearing greasing is necessary) 

 

Disadvantages 

• It is expensive (maintenance cost is also high) and therefore mostly used by large power 

users. 

• An auxiliary device has to be used for this operation because synchronous motor has no 

self-starting torque 

• It produces noise. 

 

2.7.3. Phase Advancer 

Phase advancer is a simple AC exciter which is connected on the main shaft of the motor and 

operates with the motor’s rotor circuit for power factor improvement. Phase advancer is used to 

improve the power factor of induction motor in industries. 

As the stator windings of induction motor takes lagging current 90° out of phase with Voltage, 

therefore the power factor of induction motor is low. If the exciting ampere-turns are excited by 

external AC source, then there would be no effect of exciting current on stator windings. 

Therefore, the power factor of induction motor will be improved. This process is done by Phase 

advancer. 

 

Advantages 

➢ Lagging KVAR (Reactive component of Power or reactive power) drawn by the motor is  

sufficiently reduced because the exciting ampere turns are supplied at slip frequency (fs). 

➢ The phase advancer can be easily used where the use of synchronous motors is 

Unacceptable. 

Disadvantage 

➢ It is not economical for motors below 200 H.P. (about 150kW) 
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➢ 2.7.4. FACTS Devices 

These are the powerful power electronics devices which are used to improve the power 

factor of bulk or small quantity of power transmission and distribution lines. 

A static VAR compensator is a set of electrical devices for providing fast-acting reactive 

power on high-voltage electricity transmission networks. SVCs are part of the system device 

family, regulating voltage, power factor, and harmonics and stabilizing the system. Unlike 

a synchronous condenser which is a rotating electrical machine, a static VAR compensator has 

no significant moving parts (other than internal switchgear). Prior to the invention of the SVC, 

power factor compensation was the preserve of large rotating machines such as synchronous 

condensers or switched capacitor banks. 

The SVC is an automated impedance matching device, designed to bring the system closer to 

unity power factor. SVCs are used in two main situations 

 

➢ Connected to the power system, to regulate the transmission voltage ("Transmission SVC"). 

➢ Connected near large industrial loads, to improve power quality ("Industrial SVC"). 

➢ In transmission applications, the SVC is used to regulate the grid voltage. If the power 

system's reactive load is capacitive (leading), the SVC will use thyristor controlled 

reactors to consume VARs from the system, lowering the system voltage. 

Under inductive (lagging) conditions, the capacitor banks are automatically switched in, thus 

providing a higher system voltage. By connecting the thyristor-controlled reactor, which is 

continuously variable, along with a capacitor bank step, the net result is continuously 

variable leading or lagging power. 

➢ In industrial applications, SVCs are typically placed near high and rapidly varying loads, 

such as arc furnaces, where they can smooth flicker voltage. 

 

 

                                  Fig 2.7.4 Static VAR Compensator 

https://en.wikipedia.org/wiki/Reactive_power
https://en.wikipedia.org/wiki/Reactive_power
https://en.wikipedia.org/wiki/High_voltage
https://en.wikipedia.org/wiki/Electric_power_transmission
https://en.wikipedia.org/wiki/Synchronous_condenser
https://en.wikipedia.org/wiki/Synchronous_condenser
https://en.wikipedia.org/wiki/Synchronous_condenser
https://en.wikipedia.org/wiki/Power_factor
https://en.wikipedia.org/wiki/Capacitive
https://en.wikipedia.org/wiki/Thyristor_controlled_reactor
https://en.wikipedia.org/wiki/Thyristor_controlled_reactor
https://en.wikipedia.org/wiki/Volt-ampere_reactive
https://en.wikipedia.org/wiki/Inductance
https://en.wikipedia.org/wiki/Arc_furnace
https://en.wikipedia.org/wiki/Power_quality
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2.8. Power Factor control by using SVC 

Automatic power factor controller project is designed to improve power factor 

automatically whenever power factor falls below a certain level. As you know demand 

of electrical energy is increasing day by day. More and more inductive loads are being used in 

industry and domestic applications. Inductive loads are main reason for low power factor 

in power system. Therefore, we need to develop a method to improve power factor 

automatically. Automatic power controller project provides solution to this problem. Low power 

factor includes unnecessary burden on power system and transmission lines. By improving 

power factor of power system automatically, power system efficiency can be improved.  In this 

project, power factor correction prototype is developed using 89S51 

microcontroller, relays, potential transformer, current transformer and zero crossing circuit. 

Power factor is a ratio of real power and apparent power. Ideal power factor is unity. Pure 

resistive loads have unity power factor. But there is no such load exists. So we always try to 

make power factor close to unity.  Reactive power is also reason of low power factor. Inductive 

loads absorb reactive power and capacitive loads provide reactive power. So capacitor banks are 

used to improve power factor in power factor correction circuit. By connecting capacitor banks 

parallel to load, power factor is increased. Capacitor provides reactive power locally to load 

instead of getting from generators or power system which in return induces burden in power 

system. This is main objective of automatic power factor controller. 

Automatic power factor correction by SVC uses the capacitor bank which is used to 

apply for the circuits which include induction motors as a means of reducing the inductive 

component of the current and thereby reduce the losses in the supply. There should be no effect 

on the operation of the motor itself. An induction motor draws current from the supply that is 

made up resistive components and inductive components.                                           

➢ The resistive components are: 

i. Load current 

ii. Loss current 

➢ The inductive components are: 

i. Leakage reactance 

ii. Magnetizing current 

http://microcontrollerslab.com/electrical-projects-ideas/
http://microcontrollerslab.com/types-of-fault-in-power-system/
http://microcontrollerslab.com/introduction-to-protection-of-power-system/
http://microcontrollerslab.com/pic16f877a-introduction-features/
http://microcontrollerslab.com/pic16f877a-introduction-features/
http://microcontrollerslab.com/electromechanical-relays-interfacing-with-microcontrollers/
http://microcontrollerslab.com/transformer-works/
http://microcontrollerslab.com/zero-crossing-detector-circuit-using-pic-microcontroller/
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The current due to the leakage reactance is dependent on the total current drawn by the 

motor but the magnetization current is independent of the load on the motor. The magnetizing 

current will typically be between 20% and 60 % of the rated full load current of the motor. The 

magnetizing current is the current that total establishes the flux in the iron and is very necessary 

if the motor is going to operate. The magnetizing current does not actually contribute to the 

actual work output of the motor. It is the catalyst that allows the motor to work properly. The 

magnetizing current and the leakage reactance can be considered passenger components of 

current that will not affect the power drawn by the motor, but will contribute to the power 

dissipated in the supply and distribution system.  

Taking an example, a motor with a current draw of 100 amps and a power factor of 0.75 

the resistive component of the current is 75 amps and this is what the KWH meter measures. The 

higher current will result in an increase in the distribution losses of (100*100)/ (75*75) = 1.777 

or a 78% increase in the supply losses. 

 In the interest of reducing the losses in the distribution system, power factor correction is 

added to neutralize a portion of the magnetizing current of the motor. Typically, the corrected 

power factor will be 0.92-0.95 some power retailers officer incentives for operating with a power 

factor of better than 0.9, while others penalize consumers with a poor power factor. These are 

many ways that this is metered, but the net result is that in order to reduce the wasted energy in 

the distribution system, the consumers will be encouraged to apply power factor correction. 

 

2.9. Demerits of power factor correction  

2.9.1 Capacitor Selection 

Static power factor correction must neutralize no more than 80% of the magnetizing 

current of the motor. If the correction is too high, there is a high probability of over correction 

which can result in equipment failure with severe damage to the motor and the capacitors. 

Unfortunately, the magnetizing current of the induction motors varies considerably between 

different motor designs. The magnetizing current is almost always higher than 20% of the rated 

full load current of the motor, but can be as is too light due to the selection based on tables which 

have been published by a number of sources. The tables assume the lowest magnetizing current 

and quote capacitors for this current. In practice this can mean that the correction is often less 

than half the value that it should be and this consumer is unnecessarily penalized. Power factor 
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correction must be correctly selected based on the actual motor being corrected high as 60% of 

the rated current of the motor. Most power factor correction is too light due to the selection based 

on tables which have been published by a number of sources. The tables assume the lowest 

magnetizing current and quote capacitors for this current. In practice, this can mean that the 

correction is often less than the half value that it should be and the consumers is unnecessarily 

penalized. Power factor correction must be correctly selected based on the actual inductive loadis 

connected. 

 

2.9.2 Supply Harmonics 

Harmonics on the supply cause a higher current to flow in the capacitors. This is because 

the impedance of the capacitors goes down as the frequency goes up. This increase in current 

flow through the capacitor will result in additional heating of the capacitor and reduce itself. The 

harmonics are caused by many non-linear loads; the most common in the industrial market today 

are the visible speed controllers and switch mode power supplies. Harmonic voltages can be 

reduced by the use of a harmonic compensator, which is essentially a large inverter that cancels 

out the harmonics. This is an expensive option. Passive harmonic filters comprising resistors, 

inductors and capacitors can also be used to reduce harmonic voltages. This is also an expensive 

exercise. In order to reduce the damage caused to the capacitors by the harmonic currents, it is 

becoming common today to install detuning reactors in series with the power factor correction 

capacitors. These reactors are designed to make the correction circuit inductive to the higher 

frequency harmonics. Typically, a reactor would be designed to create a resonant circuit 

inductive to the higher frequency harmonics. Typically, a reactor would be designed to create a 

resonant circuit with the capacitors above the third harmonic, but sometimes it is below adding 

the inductances in series with the capacitors will reduce their effective capacitances at the supply 

frequency. Reducing the resonant or tuned frequency will reduce the effective capacitance 

further. The object is to make the circuit look as inductive as possible at the 5th harmonic and 

higher, but as capacitive as possible at the fundamental frequency. Detuning reactors will also 

reduce the chance of the tuned circuit formed by the capacitors and the inductive supply being 

resonant on a supply harmonics frequency, thereby reducing damage due to supply resonance 

amplifying harmonic voltages caused by non-linear loads. 
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2.9.3 Detuning Reactors 

Detuning reactors are connected in series with power factor correction capacitors to 

reduce the harmonic currents and to ensure that series resonant frequency does not occur at a 

harmonic of the supply frequency. The reactors are usually chosen and rated as either 5% or 7% 

reactors. This means that at the line frequency, the capacitive reactance is reduced by 5% or 7%. 

Using detuning reactors, results in a lower KVAR, so the capacitance needs to be increased for 

the same level of correction. When detuning reactors are used in installation with higher 

harmonic voltages, there can be a high resultant voltage across the capacitors. This facilitates the 

use of the capacitors that are designed to operate at a high sustained voltage. Capacitors designed 

for use at line voltage only, should not be used with detuning reactors. Check the suitability of 

the capacitors for use with line reactors before ventilated, typically forced air cooled. The 

detuning reactors must be specified to match the KVAR of the capacitance selected. 

2.9.4. Supply Resonance 

Capacitive power factor correction connected to a supply causes between the supply and the 

capacitors. If the fault current of the supply is very high, the effect of the resonance will be 

minimal, however in a rural installation where the supply is very inductive and can be high 

impedance, the resonance can be very severe resulting in major damage to plant and equipment. 

To minimize supply resonance problems, there are a few steps that can be taken, but they do 

need to be taken by all on the particular supply. 

1.   Minimize the amount of power factor correction, particularly when the load is light. The 

power factor correction minimizes losses in the supply. When the supply is lightly loads, 

this is not such a problem. 

2. Minimize the switching transients. Eliminate open transition switching-usually associated 

with generator plants and alternative supply switching, and with some electromechanical 

starters such as the star/ delta starter. 

3. Switch capacitors on to the supply in lots of small steps rather than a few large steps. 

4. Switch capacitors on the supply after the load has been applied and switch off the supply 

before or with the load removal. 

Harmonic power factor correction is not applied to circuit that draw either discontinuous/ 

distorted current waveforms. Most electronic equipment include a means of creating a DC 

supply. This involves rectifying the AC voltage, causing harmonic currents. In some cases, these 
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harmonic currents are insignificant relative to the total load current drawn, but in many 

installations, a large proportion of the current drawn is rich in harmonics. If the total harmonic 

current is large enough, there will be a resultant distortion of the supply waveform which can 

interface with the correct operation of other equipment. The addition of harmonic currents results 

in increased losses in the supply. Power factor correction for distorted supplies current be 

achieved by the addition of capacitors. The harmonics can be reduced by designing the 

equipment using active rectifiers, by the addition of passive filters (LCR) or by the addition 

electronic power factor correction inverters which restore the waveform back to its undistorted 

state. This is a specialist area requiring either major design changes, or specialized equipment to 

be used. 

 

2.10. Applications of Power Factor Correction 

 

2.10.1. Electrical industry 

Power factor correction is achieved by complementing an inductive or a capacitive circuit with a 

(locally connected) reactance of opposite phase. For a typical phase lagging power factor load, 

such a large induction motors, this would consist of a capacitor bank in the form of several 

parallel capacitors at the power input to the device. 

Instead of using a capacitor, it is possible to use an unload synchronous motor. This is 

referred to as a synchronous condenser. It is started and connected to the electrical network. It 

operates at full leading power factor and puts VARs onto the network as required to support a 

system voltage or to maintain the system power factor at a specified level. The condensers 

installation and operation are identical to large electrical motors.  

The reactive power drawn by the synchronous motor is a function of its field excitation. 

Its principle advantage is the ease with which the amount of correction can be adjusted. It 

behaves like an electrically variable capacitor. 
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2.10.2. Switched-mode power supplies: power factor correction of non-linear 

loads 

A typical switch-mode power supply first makes a DC bus, using a bridge rectifier or 

similar circuit. The output voltage is then derived from this DC bus. The problem with this is that 

the rectifier is a non-linear device, so the input current is highly nonlinear. That means that the 

input current has energy at harmonics of the frequency of the voltage. 

This presents a particular problem for the power companies, because they cannot 

compensate for the harmonic current by adding capacitors or inductors, as they could for their 

active power drawn by the linear loads. Many jurisdictions are beginning to legally require PFC 

for all power supplies above a certain power level. 

The simplest way to control the harmonic current is to use a filter. It is possible to design 

a filter that passes current only at line frequencies (i.e. 50Hz or 60Hz). This filter kills the 

harmonic current, which means that the non-linear device now looks like a linear load. At this 

point the power factor can be brought to near unity, using capacitors or inductors as required. 

This filter requires large-value, high-current inductors, however, which are bulky or expensive. 

It is also possible to perform active power factor correction. In this case, a boost 

converter is inserted between the bridge rectifier and the main input capacitors. The boost 

converter attempts to maintain a constant DC bus voltage on its output while drawing a current 

that is always in phase with and at the same frequency as the line voltage. Another switch mode 

converter inside the power supply produces the desired output voltage from DC bus. This 

approach requires additional semiconductor switches and control electronics, but permits cheaper 

and smaller passive components. It is frequently used in practice. This feature is useful in power 

supplies for laptops and cell phone. 
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                                              CHAPTER 3 

 

3.1. Principle:  

 
Fig 3.1: Block Diagram of Automatic Power Factor Correction Circuit  

 

The above given circuit for Automatic Power Factor detection and correction operates on the 

principal of constantly monitoring the power factor of the system and to initiate the required 

correction in case the power factor is less than the set value of power factor.  

The current and voltage signals are sampled by employing instrument transformers connected in 

the circuit. The instrument transformers give stepped down values of current and voltage, whose 

magnitude is directly proportional to the circuit current and voltage. The sampled analog signals 

are converted to suitable digital signals by the zero crossing detectors, which changes state at 

each zero crossing of the current and voltage signals. The ZCD signals are then added in order to 

obtain pulses which represent the time difference between the zero crossing of the current and 

voltage signals. The time period of these signals is measured by the internal timer circuit of the 

Arduino by using the function ‗pulseIn()„, which gives the time period in micro seconds. The 

time period obtained is used to calculate the power factor of the circuit. Now if the calculated 

power factor is less than the minimum power factor limit set at about 0.95, then 
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themicrocontrollerswitches on the require number of capacitors until the power factor is greater 

than or equal to the set value. 

 

3.2 CIRCUIT  DIAGRAM:- 
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3.2.1  Circuit Description:  

 

Automatic Power Factor Correction system is based on the AVR microcontroller ATmega 328. 

The voltage and current in the circuit are stepped down using a potential transformer and a 

current transformer respectively. These transformed a.c signals are next fed to a Zero Crossing 

Detector (ZCD) circuit. The output of the Zero Crossing Detector (ZCD) is a square wave, in 

which each change of state represents a zero crossing of the a.c waveform. The signal goes high 

on the first zero crossing of the current or voltage waveform and then goes low on the next zero 

crossing of the signal, thereby generating a square wave. Two separate Zero Crossing Detector 

(ZCD) circuits are used for voltage and current waveform. The two square waves are then 

summed using an “Exclusive OR (X-OR)” gate. The output of the summer gives the phase angle 

difference which is given to the Arduino microcontroller on one of its digital I/O pins (pin 9).  

The value on the pin is read using the function pulseIn(pin, value, timeout) , where the 

parameters „pin‟ depicts the number of the pin on which you want to read the pulse. (int), value 

depicts the type of pulse to read i.e., either HIGH or LOW. (int) and timeout (optional) depicts 

the number of microseconds to wait for the pulse to start, default is one second (unsigned long). 

The function reads a pulse (either HIGH or LOW) on a pin.  

For example, if value is HIGH, pulseIn() waits for the pin to go HIGH, starts timing, then waits 

for the pin to go LOW and stops timing. It finally returns the length of the pulse in microseconds 

or gives up and returns 0 if no pulse starts within a specified time out. The timing of this function 

has been determined empirically and will probably show errors in longer pulses. Hence, it works 

efficiently on pulses from 10 microseconds to 3 minutes in length. The difference is measured 

with high accuracy by using internal timer.  

This time value obtained is in microseconds (us). It is converted in milliseconds (ms) and is then 

calibrated as phase angle ‗φ„ using the relation: 

                               φ = (t/T)*360 ....equation  

 

                      Where:  

φ = difference in phase angle  

t = time difference in milliseconds (ms);  

T = the time period of one AC cycle (i.e., 20ms);  

 

The corresponding power factor is calculated by taking cosine of the phase angle obtained above 

(i.e., cosφ). The values are displayed in the serial monitor which in this case is the computer 

screen. The display can also be obtained on a separate display by using the serial transmission 

pins: Serial Transmission (Tx) and Serial Reception (Rx) of the Arduino but that would require 

appropriate interfacing circuitry. The microcontroller then based on the algorithm then switches 

on the required number of capacitors from the capacitor bank by operating the opto coupler 

along until the power factor is normalized to the set limit 

                                              



Gudlavalleru Engineering college Page 24 
 

CHAPTER 4 

 MODULES 

4.1 Power supply 

A good power supply is very essential as it powers all the other modules of the circuit of 

this circuit. In this power supply we use step-down transformer, IC regulator, Diodes, capacitors 

and resistors (preset and pots). 

 

4.1.1 Components 

4.1.1.1 Voltage Transformer 

A voltage transformer or a potential transformer is a wire-wounded, static 

electromagnetic device that is used to transform the voltage level of input voltage. A transformer 

had two windings, a primary winding to which the input is connected and a secondary winding 

from which the transformed voltage is obtained. The input voltage is transformed (either stepped 

up down) according to the turns ratio of the primary and the secondary windings. The 

transformer used in the power supply here gives an output of +12V or a total of 24V for an input 

voltage of 230V. 

 

                                        

Fig 4.1.1.1 Voltage Transformer 

 

Voltage transformers are a parallel connected type of instrument transformer. They are 

designed to present negligible load to the supply being measured and have an accurate voltage 

and phase relationship to enable accurate secondary connected metering. 
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 The voltage transformer used in the power supply is designed for single phase 230V, 

50Hz. It has three in the secondary side the output is taken from the two end wires and is equal to 

12V, because the voltage regulator should have an input voltage much greater than the output 

voltage. 

 

4.1.1.2 Diode 

In electronics a diode is a two-terminal electronic component with asymmetric 

conductance. It has low (ideally zero) resistance to current flow in one direction and has (ideally 

infinite) resistance in the other. A semiconductor diode, the most common type today is a 

crystalline piece of semiconductor material with a p-n junction connected to two electrical 

terminals. A vacuum tube diode has two electrodes, a plate (anode) and heated cathode. 

Semiconductor diodes were the first semiconductors electronic devices. The discovery of 

crystal’s rectifying abilities was made by German physicist Ferdinand Braun in 1874. The first 

semiconductor diodes called cat’s Whisker diodes, developed around 1906, were made of 

mineral crystals such as galena. 

 

                                                  Fig4.1.1.2. Diode 

Today most diodes are made of silicon, but other semiconductors such as selenium or 

germanium may also sometimes be used. 

Main function 

 The most common function of a diode is to allow an electric current to pass in one 

direction (called the diode’s forward direction) while blocking current in the opposite direction 

(the reverse direction). Thus, the diode can be viewed as an electronic version of a check valve. 

This unidirectional behavior is called rectification. And is used to convert alternating current to 

direct current, including extraction of modulation from radio signals in radio receivers these 
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diodes are forms of rectifiers. However, diodes can have more complicated behavior than this 

simple on-off action, due to their nonlinear current-voltage characteristics. Semiconductors 

diodes begin conducting electricity only if a certain threshold voltage or cut-in voltage is present 

in the forward direction (a state in which the diode is said to be forward-biased). 

The voltage drop across a forward-biased diode varies only a little with the current, and is 

a function of temperature; this effect can be used as a temperature sensor or voltage reference. 

      . These are exploited in special-purpose diodes that perform many different functions. For 

example, diodes are used to regulate voltage, to protect circuits from high voltage surges, to 

electronically tune radio and TV receivers, to generate radio frequency oscillations, and to 

produce light, tunnel diode exhibit negative resistance, which makes them useful in certain types 

of circuits. 

 

4.1.1.3 Resistors 

A resistor is a passive two terminal electrical components that implements electrical 

resistance as a circuit element. The current through a resistor is in direct proportion to the voltage 

across the resistor’s terminals. This relationship is represented by ohm’s law: 

I = V/R 

Where I is the current through the conductor in units of amperes, V is the potential difference 

measured across the conductor in units of volts, and R is the resistance of the conductor in units 

of ohm’s. The ratio of the voltage applied across a resistor’s terminals to the intensity of current 

in the circuit is called its resistance, and this can be assumed to be a constant for ordinary 

resistors working within their ratings. 

Resistors are common elements of electrical network and electronic circuits and are 

ubiquitous in electronic equipment. Practice resistors can be made of various compounds and 

firms, as well as resistance wire (wire made of high-resistivity alloy, such as nickel-chrome). 

Resistors are also implemented within integrated circuits, particularly analog devices, and can 

also be integrated into hybrid and printed circuits. 

Resistors with higher power ratings are physically larger and may require heat sinks. Ina 

high-voltage circuit, attention must sometimes be paid to the rated maximum working voltage of 

the resistor 

4.1.1.4 Electrolytic Capacitor 
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An electrolytic capacitor is a capacitor that uses an electrolyte (an ionic conducting 

liquid) as one of its plates to achieve a large capacitance per unit volume than other types, but 

with performance disadvantages. All capacitors conduct alternating current and block direct 

current and can be used, amongst other applications to couple circuit blocks allowing AC signals 

to be transferred while blocking DC power, to store energy, and to filter signals according to 

their frequency. Most electrolytic capacitors are polarized; hence, they can only be operated with 

a lower voltage on the terminal marked”-“without damaging the capacitor. This generally limits 

electrolytic capacitors to sully- decoupling and bias-decoupling, since signal coupling usually 

involves both positive and negative voltage across the capacitor. The large capacitance of 

electrolytic capacitors makes amounts of energy. They are widely used in power supplies and for 

decoupling unwanted AC components from DC power connections.  

 

                                                      Fig 4.1.1.4 Capacitor 

        Super capacitors provide the highest capacitance of any practically available capacitor, up 

to thousands of farads, with working voltages of a few volts. Electrolytic capacitor range 

downwards from tens (exceptionally hundreds) of thousands of microfarads to about 100 Nano- 

farads smaller sizes are possible but have no advantage over other types. Other types of capacitor 

are available in sizes typically up to about ten microfarads, but the larger sizes are much larger 

and more expensive than electrolytic. Electrolytic capacitors are available with working voltages 

up to about 500V, although the highest capacitance values are not available at high voltage. 

Working temperature is commonly 850C for standard use and 1050 for high-temperature use; 

higher temperature units are available, but uncommon. 

 Unlike other types of capacitors, most electrolytic capacitors require that the voltage 

applied to one terminal never become negative relative to the other types of capacitors, leakage 

current is higher and working life is shorter. Capacitors can lose capacitance as they age and lose 
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electrolytic, particularly at high temperatures. A common failure mode which causes difficult to 

find circuit malfunction is progressively increasing ESR without change of capacitance, again 

particularly at high temperature. Large ripple currents flowing through the ESR generate harmful 

heat. 

        Two types of electrolytic capacitor are in common use; aluminum and tantalum. Tantalum 

capacitors have generally better performance, higher price, and are available only in a more 

restricted range of parameters. Solid polymer dielectric aluminum electrolytic capacitors have 

better characteristics than wet-electrolytic types in particular lower and more stable ESR and 

longer life at higher prices and more restricted values. 

4.1.1.5 Ceramic Capacitor 

A ceramic capacitor is a fixed value capacitor in which ceramic in which ceramic 

material act as the dielectric. It is constructed of two or more alternating layers of ceramic and a 

metal layer acting as the electrodes. The composition of the ceramic material defines the 

electrical behavior and therefore applications of the capacitor.  

Ceramic capacitors are divided into two applications classes: 

➢ Class 1 ceramic capacitors offer high stability and low losses for resonant frequency 

applications. 

➢ Class 2 ceramic capacitors offer high volumetric efficiency for buffer by-pass and 

coupling applications. 

The different ceramic materials used for ceramic capacitors, para electric or ferroelectric 

ceramics influences the electrical characteristics of the capacitors. Using mixtures of para 

electric substances based titanium dioxide results in very stable and linear behavior of the 

capacitance value within a specified temperature range and low losses at high frequencies. But 

these mixtures have a relatively low permittivity that the capacitance values of these capacitors 

are relatively small. 

 

Fig 4.1.1.5. ceramic capacitor 
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Higher capacitance values for ceramic capacitors can be achieved by using ferroelectric materials 

have higher permitivities, but at the same time their capacitance values are more or less ninlinear 

ovewr the temperature range and the losses at high frequencies are much higher. 

 

4.1.1.6 Voltage Regulator 

Voltage regulator is designed to automaticallymaintain a constant voltage level. A 

voltage regulator may be a simple “feed forward” design or may include negative feedback 

control loops. It may use an electromechanical mechanism, or electronic components.depending 

on the design, it may be used to regullate one or more AC or DC voltages. 

 Electronic voltage regulators are found in devices such as computer power supplies 

where they stabilize the DC voltages used by the processor and other elements. In automobile 

alternators and central power station generator plants, voltage regulators control the output of the 

plant. In an electric power distribution system, voltage regulation may be installed at a substation 

or along distribution lines so that all customers receive steady voltage independent of how much 

power is drawn from the line.  

In motor vehicles, voltage regulators rapidly switch from one to another of three circuit 

states by means of a spring-loaded, double-pole switch. At low speeds, some current from the 

genmerator is used to boost the generators magnetic field, therby increasing the voltage output. 

At higher speeds, resistance is inserted into the generator-field circuit so that its voltage nd 

current are medrated. At still higher speeds, the circuit is switched off, lowering the 

magneticfield. The regulator switching rate is usually 50 to 200time per second 

In power distribution systems the regulators areused: step regulators , in which switches 

regulate the current supply, and induction regulators, in which an induction motor supplies a 

secondary, continually adjusted voltage to even out current variations in the feeder line. Here we 

use 3 types of voltage regulators of LM78XX series such as 7805, 7809 and 7812. 
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4.1.2Circuit diagram 

4.1.3Explanation 

The input i.e., 230V, 50Hz AC is applied across the primary of a step-down transformer 

(usually a 12-0-12, i.e., the output is either 12V or 24V: a transformer is an electromechanical 

static device, which transforms one voltage to another without changing its frequency). The 

output is taken across the secondary coil and is applied to a rectifier section. The rectifier section 

is bridge rectifier, formed by arranging four IN4001 diodes in a bridge pattern. Diodes are used 

for rectification purposes. The output of the bridge circuit is not pure DC, an AC components is 

also present in the form of a ripple. In order to reduce this ripple, an electrolytic capacitor is 

connected at the output of the diode bridge. The cathode terminals of the diode’s D2 &D3 are 

connected to the positive terminal of the capacitor and thus the input of the IC regulator. 

       The voltage regulators here are used to obtain the fixed voltage as per requirement. A 

voltage regulator is a circuit that supplies a constant voltage regardless of changes in load 

currents. These IC’s are designed as fixed voltage regulators and with adequate heat sinking can 

deliver output currents in excess of 1A. The output of the IC regulator is given to the LED 

through resistors. When the output of the IC is given to the LED, it gets forward biased and these 

LED glows. 

Similarly, for negative voltage the anode terminals of the diodes D1 & D4 are connected 

to the negative terminal of the capacitor and thus to the input pin of the IC regulator with respect 
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to ground. The output of the IC regulator which is a negative voltage is given to the terminal of 

LED, through resistor, which makes it forward bias, LED conducts and thus LED glows power 

module provides supply to the circuit and drives all other modules. 12V battery is used as a 

terminal block 

An LED is used to indicate whether supply is on or not. It is connected in parallel with 

supply. The negative of the diode is connected to the electrolytic capacitor. It is used to prevent 

surges or spike to enter in the circuit. Connecting wires act as storage elements like capacitors 

and inductors so when supply is switched on a spike of voltage occur the circuit initially, so this 

capacitor helps to protect the other devices of circuit from being damaged by this spike of 

voltage. In parallel to this electrolytic capacitor a ceramic capacitor of 0.1uf which is used to 

filter high frequency noise. One end of this capacitor is connected to positive of LM7812, which 

provides a 12V regulated signal to drive L293D IC of motor module. The negative of this IC is 

connected to the ground. In parallel to LM7812 IC 7809 and 7805 regulators are connected 

which provides a regulated supply of 9V and 5V respectively. The 5V supply is used to drive 

micro controller 

 

4.2Current transformer 

The current transformer is an instrument transformer used to step down the current in the 

circuit to measurable values and is thus used for measuring alternating currents. When the 

current in the circuit is too high to apply directly to a measuring instrument, a current 

transformer produces a reduced current accurately proportional to the current in the circuit, 

which can in turn be conveniently connected to measuring and recording instrument. A current 

transformer includes the measuring instrument from what may be a very high in the monitored 

circuit; current transformers are commonly used in metering and protective relays. 

Like any other transformer, a current transformer has a large number of turns, thereby 

reducing the current in the secondary to a fraction of that in the primary. Thus, it has a primary 

winding, a magnetic core and a secondary winding. The alternating current in the primary 

produces an alternating magnetic field in the magnetic core, which then includes an alternating 

current in the secondary circuit. An essential objective of a current transformer design is to 

ensure the primary and secondary circuits are efficiently coupled, soothe secondary current is 

linearly proportional to the primary current. 
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                                            Fig4.2: current transformer 

 

        Shapes and sizes may vary depending upon the end user or switch gear manufacture. 

Typical examples of low voltage, single ratio metering current transformers are either ring type 

or plastic modeled case. High voltage current transformers are mounted on porcelain insulators 

to isolate them from ground.  

4.3Potential Transformer 

A potential transformer, a voltage transformer or a laminated core transformer is the most 

common type of transformer widely used in electrical power transmission and appliances to 

convert mains voltage to low voltage in order to power low power electronic devices. They are 

available in power ratings ranging from MW to MW. The insulated minimizes eddy current 

losses in the iron core. 

A potential transformer is typically described by its voltage ratio from primary to 

secondary. A 600:120 potential transformer would provide an output voltage of 120V when a 

voltage of 600V is impressed across the primary winding. The potential transformer here has a 

voltage ratio of 230:24 i.e., when the input voltage is the single-phase voltage 230V, the output is 

24V 

 

                                          Fig4.3. Potentialtransformer 
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         The potential transformer here is being used for voltage sensing in the line. They are 

designed to present negligible load to the supply being measured and have an accurate voltage 

ratio and phase relationship to enable accurate secondary connects metering. The potential 

transformer is used to supply a voltage of about 12V to the zero crossing detectors for zero 

crossing detection. The output of the potential transformer is taken from one of the peripheral 

terminals and the central terminal as only a voltage of about 12V is sufficient for the operation of 

zero crossing detector circuit. The output is fed to the zero-crossing detector circuit and one of 

the terminal is grounded to establish a reference. 

 

4.4 Zero Crossing Detector 

 A zero crossing is a point where the sign of a mathematical function changes 

(e.g. from positive to negative) represented by the crossing of the axis zero value) in the graph of 

the function. It is a commonly used term in electronics, mathematics, sound and image 

processing. 

In alternating current the zero crossing is the instantaneous point at which there is no voltage 

present. In a sine wave this condition normally occurs twice in a cycle. 

       A zero-crossing detector is an important application of op-amp comparator circuit. It can 

also be referred to as a sine to square wave converter. Anyone of the inverting or the non-

inverting comparators can be used as a zero-crossing detector. The reference voltage in this case 

it is set to zero. The output voltage waveform shows when and in what direction an input signal 

crosses zero volts. If input voltage is a low frequency signal, then output voltage will be less 

quick to switch from one saturation point to another. And if there is noise in between the two 

input nodes, the output may fluctuate between positive and negative saturation voltage Vsat. Here 

IC LM358 or 741 is used as a zero-crossing detector. 

 

4.5. Summer/Adder (X-OR) gate:  

 
The „HC86 and „HCT86 contain four independent EXCLUSIVE OR gates in one package.  

They provide the system designer with a means for implementation of the EXCLUSIVE OR 

function. Logic gates utilize silicon gate CMOS technology to achieve operating speeds similar 

to LSTTL gates with the low power consumption of standard CMOS integrated circuits. All 

devices have the ability to drive STTL loads. The HCT logic family is functionally pin 

compatible with the standard LS logic family 
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 Fig 4.5(a)  ZCD  CIRCUIT DIAGRAM 

 

 
 

Fig4.5(b) : Current and Voltage inputs to the X-OR gate and the output on purely Resistive load 
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Fig 4.5 (c): Current and Voltage inputs to the X-OR gate and the output Inductive load. 

 

 

4.6Capacitor Banks 

A capacitor bank is a several identical or non-identical cpacitors interconnected in 

parallel or in series with one another. These groups of capacitors are typically used to correct or 

counteract undesirable characteristics such as power factor lag or phase shifts inherent in 

alternating curremt electrical power supplies.Capacitor banks may laso be used in direct current 

power supplies to increase stored energy and improve the ripple current capacity of the power 

supply. The capacitorbank consists of a group of eight (8) A.C. capacitors, all rated at 230V, 50 

Hz i.e., the supply voltage and the frequency. The value of capacitors is different and it consists 

of four capacitors of 2.5” farad,and 4.5”farad  etc..The operation of a triac connects the 

associated capacitor across the line in parallel with the load and other capacitors. 
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                                      Fig 4.6 :Capacitor Banks  

 

4.7. Microcontroller:  

4.7.1. Introduction:  

The Microcontroller or the processing module is an interfacing and controlling module, 

that interfaces the various peripherals and other modules used in the circuit. It integrates the 

function of various modules such as the Zero Crossing Detector (ZCD), Relay driver 

(ULN2003A) etc. 
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4.7.2. Overview:  

The Arduino Uno is a microcontroller board based on the ATmega328. It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic 

resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains 

everything needed to support the microcontroller; simply connect it to a computer with a USB 

cable or power it with a AC-to-DC adapter or battery to get started.  

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver 

chip. Instead, it features the Atmega16U2 (Atmega8U2 up to version R2) programmed as a 

USB-to-serial converter.  

Revision 3 of the Uno board has the following features:  

• pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins 

placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage 

provided from the board. In future, shields will be compatible with both the board 

thatuses the AVR, which operates with 5V and with the Arduino Due that operates with 

3.3V. The second one is a not connected pin that is reserved for future purposes. 

Stronger RESET circuit 

• "Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. 

The Uno and version 1.0 will be the reference versions of Arduino, moving forward. The 

Uno is the latest in a series of USB Arduino boards, and the reference model for the 

Arduino platform; for a comparison with previous versions, see the index of Arduino 

boards.  

Fig 4.11: Pin description of Arduino  

4.7.3.Summary:  

Microcontroller ATmega328  

Operating Voltage 5V Input Voltage 

(recommended)  

7-12V  

Input Voltage (limits)  6-20V  

Digital I/O Pins  14 (of which 6 provide PWM output)  

Analog Input Pins  6  

DC Current per I/O Pin  40 mA  
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DC Current for 3.3V Pin  50 mA  

Flash Memory  32 KB (ATmega328) of which 0.5 KB 

used by bootloader  

 

SRAM  2 KB (ATmega328)  

EEPROM  1 KB (ATmega328)  

Clock Speed  16 MHz  

4.7.4. Power:  

The Arduino Uno can be powered via the USB connection or with an external power supply. The 

power source is selected automatically.  

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. 

The adapter can be connected by plugging a 2.1mm center-positive plug into the board's power 

jack. Leads from a battery can be inserted in the Gnd and Vin pin headers of the POWER 

connector.  

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, 

however, the 5V pin may supply less than five volts and the board may be unstable. If using 

more than 12V, the voltage regulator may overheat and damage the board. The recommended 

range is 7 to 12 volts.  

The power pins are as follows:  

• VIN: The input voltage to the Arduino board when it's using an external power source 

(as opposed to 5 volts from the USB connection or other regulated power source). You 

can supply voltage through this pin, or, if supplying voltage via the power jack, access it 

through this pin.  

• 5V: This pin outputs a regulated 5V from the regulator on the board. The board can be 

supplied with power either from the DC power jack (7 - 12V), the USB connector (5V), 

or the VIN pin of the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses 

the regulator, and can damage your board. We don't advise it.  

• 3V3: A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 

50 mA. 

• GND: Ground pins. 
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• IOREF: This pin on the Arduino board provides the voltage reference with which the 

microcontroller operates. A properly configured shield can read the IOREF pin voltage 

and select the appropriate power source or enable voltage translators on the outputs for 

working with the 5V or 3.3V. 

4.8.6. Input and Output:  

• Each of the 14 digital pins on the Uno can be used as an input or output, using 

pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin 

can provide or receive a maximum of 40 mA and has an internal pull-up resistor 

(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized 

functions:  

• Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. 

These pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL 

Serial chip. 

•  External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a 

low value, a rising or falling edge, or a change in value. See the attachInterrupt() 

function for details.  

• PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.  

• SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication 

using the SPI library.  

•  LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH 

value, the LED is on, when the pin is LOW, it's off. 

• The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of 

resolution (i.e. 1024 different values). By default they measure from ground to 5 volts, 

though is it possible to change the upper end of their range using the AREF pin and the 

analogReference() function. Additionally, some pins have specialized functionality:  

•  TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire 

library.  

 

There are a couple of other pins on the board:  

• AREF: Reference voltage for the analog inputs. Used with analogReference().  

•  Reset: Bring this line LOW to reset the microcontroller. Typically used to add a reset 

button to shields which block the one on the board. 
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                                            CHAPTER 5 

                                     ARDUINO PROGRAM 

 

5.1. Software Development Environment:  
 

The Arduino is a single-board microcontroller, intended to make the application of interactive 

objects or environments more accessible. The hardware consists of an open-source hardware 

board designed around an 8-bit Atmel AVR microcontroller or a 32-bit Atmel ARM. Current 

models feature a USB interface, 6 analog input pins, as well as 14 digital I/O pins which allow 

the user to attach various extension boards.  

Introduced in 2005, at the Interaction Design Institute Ivrea, in Ivrea, Italy, it was designed to 

give students an inexpensive and easy way to program interactive objects. It comes with a simple 

Integrated Development Environment (IDE) that runs on regular personal computers and allows 

writing programs for Arduino using a combination of simple Java and C or C++.  

 

The Arduino Integrated Development Environment (IDE) is a cross platform application written 

in Java, and is derived from the IDE for the processing programming language and the wiring 

projects. It is designed to introduce programming to artists and other newcomers unfamiliar with 

software development. It includes a code editor with features such as Syntax highlighting, Brace 

matching and Automatic Indentation, and is also capable of compiling and uploading programs 

to the board with a single click. A program or code written for the Arduino is called a ―Sketch‖.  

The Arduino IDE also comes with a software library called ―Wiring‖ from the original Wiring 

Project, which makes many common input/output operations much easier. Users need only 

define two functions to make a runnable cyclic executive program:  

➢ setup(): a function run once at the start of a program that can initialize settings. 

➢ loop(): a function called repeatedly until the board powers off . 

The previous code will not be seen by a standard C++ compiler as a valid program, so when the 

user clicks the “Upload to I/O Board” button in the IDE, a copy of the code is written to a 

temporary file with an extra include header at the top and a very simple „main()‟ function at the 

bottom to make it a valid C++ program.  
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The Arduino IDE uses the GNU toolchain and AVR Libc to compile programs and uses avrdude 

to upload programs to the board As the Arduino platform uses ATMEL 

microcontrollers,Atmel„s development environment AVR Studio or the newer Atmel Studio, 

may also be used to develop software for the Arduino. 

 

5.2. pulseIn():  
 

Description: 

This function reads a pulse (either HIGH or LOW) on a pin. For example, if value is HIGH, 

pulseIn() waits for the pin to go HIGH, starts timing, then waits for the pin to go LOW and stops 

timing. Returns the length of the pulse in microseconds. Gives up and returns 0 if no pulse starts 

within a specified time out.  

The timing of this function has been determined empirically and will probably show errors in 

longer pulses. Works on pulses from 10 microseconds to 3 minutes in length.  

Syntax:- 

pulseIn(pin, value) pulseIn(pin, value, timeout)  

Parameters: 

pin: the number of the pin on which you want to read the pulse. (int) value: type of pulse to read: 

either HIGH or LOW. (int)  

timeout (optional): the number of microseconds to wait for the pulse to start; default is one 

second (unsigned long), returns the length of the pulse (in microseconds) or 0 if no pulse started 

before the timeout (unsigned long) 

 

5.3. Algorithm:  

 
5.3.1. Algorithm for determining power factor: 

Step 1- Check for zero line crossover of voltage signal either negative or positive.  

Step 2- Get the voltage Pulse. 

Step 3- Check for zero line crossover of current signal from positive to negative.  

Step 4- Get the current Pulse. 

Step 5- Exor the two pulses. 

Step 6- The resultant pulse width is “t” and calculate the  phase angle. 
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Step 7- Phase φ = (t / T) * 360.  

Step 9- Calculate cosφ.  

 

5.3.2. Algorithm for switching  the capacitor bank:  

Step 1- Calculated the Power Factor (cos φ).  

Step 2- Check whether the power factor is less than or greater the 0.95.  

Step 3- If the power factor is greater (‗>„) than or equal to (‗=„), the load is resistive in nature.  

Step 4- If the power factor is less than 0.95, then switch ‗ON„ a capacitor from the capacitor 

bank and again check the corrected power factor.  

Step 5- If the corrected power factor is still less than 0.95, switch ‗ON„ another capacitor and 

again check for the power factor.  

Step 6- Repeat steps 3 and 4 until the corrected power factor is greater (‗>„) than or equal to 

(‗=„) i.e., as close to unity as in can get. 

 

ARDUINO CODE:- 

#include <LiquidCrystal.h> 

 

LiquidCrystal lcd(12, 11, 5, 4, 3, 2); 

int pin = 13; 

float rads = 57.29577951; // 1 radian = approx 57 deg. 

float degree = 360; 

float frequency = 50; 

float nano = 1 * pow (10,-6); // Multiplication factor to convert MICRO 

//seconds into seconds 

float pf; 

float angle; 

float pf_max = 0; 

void setup() 

{ 

pinMode(pin, INPUT); 

pinMode(9, OUTPUT); 
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Serial.begin(9600); 

lcd.begin(16, 2); 

lcd.clear(); 

lcd.setCursor(0,0); 

lcd.print("   APFC UNIT"); 

lcd.setCursor(6,1); 

lcd.print("  GEC  "); 

delay(500); 

 

} 

void loop() 

{ 

 

        angle = ((((pulseIn(pin, HIGH)) * nano)* degree)* frequency); 

            lcd.clear(); 

                   lcd.setCursor(0,0); 

                   lcd.print(angle);  

                   delay(200);       

 

          pf_max = cos(angle_max / rads); // Calc PF from "angle_max" 

   if (pf_max>0.95)  

                { 

                   lcd.clear(); 

                   lcd.setCursor(0,0); 

                   lcd.print(" RESISTIVE LOAD"); 

                   lcd.setCursor(0,1); 

                  lcd.print("PF= 1"); 

                  delay(500); 

                 } 

 

      if(pf_max<0.95) 
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            { 

                   lcd.clear(); 

                   lcd.setCursor(0,0); 

                   lcd.print(" INDUCTIVE LOAD"); 

                   lcd.setCursor(0,1); 

                  lcd.print("PF= "); 

                  lcd.setCursor(4,1); 

                  lcd.print(pf_max); 

                  delay(100); 

                    digitalWrite(9,HIGH); 

                 } 

            else{ lcd.clear(); 

                   lcd.setCursor(0,0); 

                   lcd.print("CORRECTED PF"); 

                   lcd.setCursor(0,1); 

                  lcd.print("PF=0.95"); 

                  //lcd.setCursor(4,1); 

                 // lcd.print(pf_max); 

                     delay(100); 

                  digitalWrite(9,LOW); 

                      delay(100);} 

Serial.print(angle_max, 2); // Print the result IN serial monitor  

Serial.print(","); 

Serial.println(pf_max, 2); 

 

    } 
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                                SIMULATION OUTPUT:- 

(I)When Resistive Load is Connected 

 

(II)When Inductive Load is Connected 
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(III)When Capacitive Load Is Connected 
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                                          Conclusion 

This project work is an attempt to design and implement the power factor correction by using 

microcontroller. From this work, we can conclude that power factor of inductive load without 

compensation is lagging. 

 By using static VAR compensator power factor is improved near to unity. By using capacitive 

load banks is very efficient as it reduces the cost by decreasing the power drawn from the supply.  

As it operates automatically, manpower is not required and this can be used for the industries 

purpose in the future. This method also improves the distribution feeder efficiency and maintain 

the power factor near to the unity. 
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PROJECT PROFORMA 

 

 
Classification of Project 

Application Product Research Review 

    

Note: Tick Appropriate category. 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PS01 PS
O2 

Outcome 1     2     2     2     3   3   3    2    3 

Outcome 2     2     2    1   1      3   3   3    2    3 

Outcome 3     2     3   2    2   2   2   3   3   3   2   2    3 

Outcome 4     3      3   3    3   2   2   3   3   3   3    2    3 

 

Note: Map each project outcomes with POs and PSOs with 

either 1 or 2 or 3 based on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped 3-Substantially (High) 

mapped 

Programme Outcomes: 

1.  Engineering knowledge: Apply the knowledge of mathematics, science, 

engineering fundamentals and an engineering specialization for the solution of 

complex engineering problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze 

complex engineering problems reaching substantiated conclusions using first 

principles of mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering 

problems and design system components or processes that meet the specified 

needs with appropriate consideration for public health and safety, and cultural, 

societal, and environmental considerations. 

4. Conduct investigations of complex problems: Use research-based 

knowledge and research methods including design of experiments, analysis 

and interpretation of data, and synthesis of t h e information to provide 

valid conclusions. 
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5. Modern tool usage: Create, select, and apply appropriate 

techniques, resources, and Modern engineering and IT tools, 

including prediction and modeling to complex engineering activities, 

with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the 

contextual knowledge to assess societal, health, safety, legal, and 

cultural issues and the consequent responsibilities relevant to the 

professional engineering practice. 

7. Environment and sustainability: Understand the impact of the 

professional engineering solutions in societal and environmental contexts, 

and demonstrate the knowledge of,and need for sustainable development. 

 

1. Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of the engineering practice. 

 

2. Individual and team work: Function effectively as an individual, and 

as a member or leader in diverse teams, and in multidisciplinary 

settings. 

 

3. Communication: Communicate effectively on complex engineering 

activities with the engineering community and with the society at 

large, such as, being able to comprehend and write effective reports 

and design documentation, make effective presentations, and give and 

receive clear instructions. 

 

4. Project management and finance: Demonstrate knowledge and 

understanding of the engineering and management principles and 

apply these to one’s own work, as a member and leader in a team, to 

manage projects and in multidisciplinary environments. 

 

5. Life-long learning: Recognizes the need for, and have the 

preparation and ability to engage in independent and life-long 

learning in the broadest context of technological change. 

 

ProgrammeSpecificOutcomes(PSO): 

 

1. Apply the knowledge of circuit design, analogy & digital 

electronics to the field of electrical and electronics systems 

 

2. Analyze, design and develop control systems, industrial drives and 

power systems using modern tools. 
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ABSTRACT 
 

 

As It is knownthat the Electricity energy meters which are installed in everyone’s 

house or offices are to measure the electricity consumption. At the end  of every month, 

everyone get worried about the high electricity bill and look at the energy meter once in a 

while. But what if it is possibleto monitor the electricity uses from anywhere in the world and 

get an SMS/E-mail when the energy consumption reaches to a threshold value. Then control 

measures can be taken to make it within the limits of consumer requirements. In this 

context,Aniot based electricity energy meter was developed. 

An Energy Meter circuit which sends a SMS about the bill using GSM module has 

been practice in already. In this project,a Smart Electricity Energy meter using Arduino and 

ESP8266 Wi-Fi module is designedwhich can not only sends a SMS/Email of users 

electricity bill but also monitor the energy uses anytime and from anywhere in the world. In 

addition to thesea Current Sensor ACS712  is used to measure the energy consumption. 

An  IFTTT platform has been linked with the Wi-Fi to SMS/E-mail notifications . In 

this project aMQTT Dashboard and Android App is used to monitor the energy consumption. 

 

 

https://circuitdigest.com/microcontroller-projects/prepaid-energy-meter-using-gsm-and-arduino
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CHAPTER-1 

INTRODUCTION 

1.1 Overview of the project: 

Today the world is facing such an environment that offers challenges. Energy crisis 

is the main problem faced by our society. A relevant system to control and monitor the 

power usage is one of the solutions for this problem. One approach through which today’s 

energy crisis can be addressed is through the reduction of power usage in households. 

Though there is rapid development in technology, labour-intensive works are been 

continued. 

Analog energy meter that was used during ancient days are insensitive to minute 

power changes. The values that we get from the analog energy meter are not accurate. So 

the inaccurate reading leads to imprecise generation of bills. These issues have been 

resolved by digital wattmeter as it samples the voltage and current thousand times a second. 

Even though the shortcoming of analog energy meter had been overcome by the digital 

energy meter, a person from the Electricity board should visit each and every house to note 

down the power reading and to calculate the bill amount. To carry out this procedure at 

least a person should be available in each of their respective houses when the person from 

the electricity board arrives. So the consumers cannot engage themselves in their private 

work according to their needs, because the time at which the person arrives from the 

Electricity board is unknown. Moreover it does not provide privacy as an unknown person 

enters into our house for power reading and calculation. This project is designed in such a 

way to overcome all the above hindrances caused by the former mechanisms of measuring 

power. By the use of wireless communication technology, there are many improvements in 

automating various industrial aspects for reducing labour force. 

The availability of wireless communication media has made the exchange of 

information fast, secure and accurate. Mismanagement of electrical energy is a prevalent 

problem in the contemporary world. To overcome this potential crippling flaw in electricity 

distribution, an effective monitoring system has to be developed. This paper proposes an 

integrated hardware and software to solution for wireless monitoring of energy 

consumption of the end user.  
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Energy monitoring through cloud is cost effective and it provides a feasible solution 

for remote monitoring The consumers are increasing rapidly and also burden on electricity 

offering divisions is sharply increasing. The consumer must be facilitated by giving them an 

ideal solutionthat is the concept of IoT (Internet of Things) BASED ENERGY METER. 

Here the power reading is uploaded to cloud using ESP 8266. 

1.2 MATERIALS REQUIRED: 

a) Arduino Uno 

b) ESP12/NodeMCU 

c) ACS712-30Amp Current sensor 

d) Any AC Appliance 

e) Male-Female Wires 

1.3 Importance to develop IoT based Energy Meter 

To understand this we need to find the drawbacks of current energy meter and 

biggest problem in electricity metering. 

• The biggest problem in electricity distribution is collecting meter reading 

data. right now meter reading is collected manually which give scope for 

corruption and human error in reading. It also the wastage of manpower and 

resources of utility. 

• Our existing electricity metersare not a temper proof. There areto many temper 

cases are detected. 

• No under voltage and Over voltage Protection in existing meter. 

• No over power use alert system. due to this, utility unable to collect fine for 

max demand cross. 

• Power theft is the biggest problem in recent days which causes lot of loss to 

electricity boards. 

to overcome this drawbacks we are going to develop IoT based Smart Energy Meter .  

1.4 ENERGY METER: 

Energy meter or watt-hour meter is an electrical instrument that measures the 

amount of electrical energy used by the consumers. Utilities is one of the electrical 
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departments, which install these instruments at every place like homes, industries, 

organizations, commercial buildings to charge for the electricity consumption by loads such 

as lights, fans, refrigerators and other home appliances. Energy meter measures the rapid 

voltage and currents, calculate their product and give instantaneous power. This power is 

integrated over a time interval, which gives the energy utilized over that time period.  
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Chapter 2 

Block & Schematic Diagrams Explanation 

2.1 CIRCUIT  DIAGRAM: 
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2.2 Block diagram: 
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Chapter-3 

ARDUINO  UNO 

 

3.1 INTRODUCTION  TO ARDUINO UNO: 

• Arduino Uno is a microcontroller board developed by Arduino.cc which is an open-

source electronics platform mainly based on AVR microcontroller Atmega328. 

• First Arduino project was started in Interaction Design Institute Ivrea in 2003 by David 

Cuartielles and Massimo Banzi with the intention of providing a cheap and flexible way 

to students and professional for controlling a number of devices in the real world. 

• The current version of Arduino Uno comes with USB interface, 6 analog input pins, 14 

I/O digital ports that are used to connect with external electronic circuits. Out of 14 I/O 

ports, 6 pins can be used for PWM output. 

• It allows the designers to control and sense the external electronic devices in the real 

world. 

• This board comes with all the features required to run the controller and can be directly 

connected to the computer through USB cable that is used to transfer the code to the 

controller using IDE (Integrated Development Environment) software, mainly developed 

to program Arduino. IDE is equally compatible with Windows, MAC or Linux Systems, 

however, Windows is preferable to use. Programming languages like C and C++ are used 

in IDE. 

• Apart from USB, battery or AC to DC adopter can also be used to power the board. 

• Arduino Uno boards are quite similar to other boards in Arduino family in terms of use 

and functionality, however, Uno boards don’t come with FTDI USB to Serial driver chip. 

• There are many versions of Uno boards available, however, Arduino Nano V3 and 

Arduino Uno are the most official versions that come with Atmega328 8-bit AVR Atmel 

microcontroller where RAM memory is 32KB. 

• When nature and functionality of the task go complex, Mirco SD card can be added in 

the boards to make them store more information. 
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3.2 FEATURES OF ARDUINO UNO: 

 

• Arduino Uno comes with USB interface i.e. USB port is added on the board to develop 

serial communication with the computer. 

• Atmega328 microcontroller is placed on the board that comes with a number of features 

like timers, counters, interrupts, PWM, CPU, I/O pins and based on a 16MHz clock that 

helps in producing more frequency and number of instructions per cycle. 

• It is an open source platform where anyone can modify and optimize the board based on 

the number of instructions and task they want to achieve. 

• This board comes with a built-in regulation feature which keeps the voltage under control 

when the device is connected to the external device. 

• Reset pin is added in the board that reset the whole board and takes the running program 

in the initial stage. This pin is useful when board hangs up in the middle of the running 

program; pushing this pin will clear everything up in the program and starts the program 

right from the beginning. 

• There are 14 I/O digital and 6 analog pins incorporated in the board that allows the 

external connection with any circuit with the board. These pins provide the flexibility and 

ease of use to the external devices that can be connected through these pins. There is no 

hard and fast interface required to connect the devices to the board. Simply plug the 

external device into the pins of the board that are laid out on the board in the form of the 

header. 

• The 6 analog pins are marked as A0 to A5 and come with a resolution of 10bits. These 

pins measure from 0 to 5V, however, they can be configured to the high range 

using analogReference() function and AREF pin. 

• 13KB of flash memory is used to store the number of instructions in the form of code. 

• Only 5 V is required to turn the board on, which can be achieved directly using USB port 

or external adopter, however, it can support external power source up to 12 V which can 

be regulated and limit to 5 V or 3.3 V based on the requirement of the project. 

3.3 ARDUINO  UNO PINOUT: 

Arduino Uno is based on AVR microcontroller called Atmega328. This controller 

comes with 2KB SRAM, 32KB of flash memory, 1KB of EEPROM.  Arduino Board 

comes with 14 digital pins and 6 analog pins. ON-chip ADC is used to sample these pins.  

https://www.theengineeringprojects.com/2017/08/introduction-to-atmega328.html
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A 16 MHz frequency crystal oscillator is equipped on the board. Following figure shows 

the pinout   of the Arduino Uno Board. 

 

3.4 COMMUNICATION AND PROGRAMMING: 

 

Arduino Uno comes with an ability of interfacing with other otherArduino boards, 

microcontrollers and computer. The Atmega328 placed on the board provides serial 

communication using pins like Rx and Tx. 

The Atmega16U2 incorporated on the board provides a pathway for serial 

communication using USB com drivers. Serial monitor is provided on the IDE software 

which is used to send or receive text data from the board. If LEDs placed on the Rx and Tx 

pins will flash, they indicate the transmission of data. 

Arduino Uno is programmed using Arduino Software which is a cross-platform 

application called IDE written in Java. The AVR microcontroller Atmega328 laid out on 

the base comes with builtinbootloader that sets you free from using a separate burner to 

upload the program on the board. 

 

                                       FIG 3.1: Pin diagram of arduino uno  
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3.5 Pin Description: 

Pin Category Pin Name Details 

Power Vin, 3.3V, 5V, GND Vin: Input voltage to Arduino when using an 

external power source. 

5V: Regulated power supply used to power 

microcontroller and other components on the board. 

3.3V: 3.3V supply generated by on-board voltage 

regulator. Maximum current draw is 50mA. 

GND: ground pins. 

Reset Reset Resets the microcontroller. 

Analog Pins A0 – A5 Used to provide analog input in the range of 0-5V 

Input/Output 

Pins 

Digital Pins 0 - 13 Can be used as input or output pins. 

Serial 0(Rx), 1(Tx) Used to receive and transmit TTL serial data. 

External 

Interrupts 

2, 3 To trigger an interrupt. 

PWM 3, 5, 6, 9, 11 Provides 8-bit PWM output. 

SPI 10 (SS), 11 (MOSI), 

12 (MISO) and 13 

(SCK) 

Used for SPI communication. 

Inbuilt LED 13 To turn on the inbuilt LED. 

TWI A4 (SDA), A5 (SCA) Used for TWI communication. 

AREF AREF To provide reference voltage for input voltage. 

                               TABLE 3.1: Arduino uno pin description 
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3.6 Arduino Uno Technical Specifications: 

Microcontroller ATmega328P – 8 bit AVR family microcontroller 

Operating Voltage 5V 

Recommended Input 

Voltage 

7-12V 

Input Voltage Limits 6-20V 

Analog Input Pins 6 (A0 – A5) 

Digital I/O Pins 14 (Out of which 6 provide PWM output) 

DC Current on I/O Pins 40 mA 

DC Current on 3.3V Pin 50 mA 

Flash Memory 32 KB (0.5 KB is used for Bootloader) 

SRAM 2 KB 

EEPROM 1 KB 

Frequency (Clock Speed) 16 MHz 

                         TABLE 3.2:Arduino uno technical specifications 

3.7 APPLICATIONS: 

Arduino Uno comes with a wide range of applications. A larger number of people are 

using Arduino boards for developing sensors and instruments that are used in scientific 

research. Following are some main applications of the board. 

• Embedded System 

• Security and Defense System 

• Digital Electronics and Robotics 

• Parking Lot Counter 

https://components101.com/microcontrollers/atmega328p-pinout-features-datasheet
https://www.theengineeringprojects.com/2016/10/what-is-embedded-systems.html
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• Weighing Machines 

• Traffic Light Count Down Timer 

• Medical Instrument 

• Emergency Light for Railways 

• Home Automation 

• Industrial Automation 

There are a lot of other microcontrollers available in the market that are more powerful and 

cheap as compared to Arduino board. 

3.8 code for arduino: 

#include "ACS712.h" 

char watt[5]; 

ACS712 sensor(ACS712_30A, A0); 

unsigned long last_time =0; 

unsigned long current_time =0; 

floatWh =0,r;   

intct; 

void setup() { 

Serial.begin(9600); 

sensor.calibrate(); 

} 

 

void loop() { 

float V = 230; 

float I = sensor.getCurrentAC(); 

// Serial.println(I); 

float P = V * I; 

last_time = current_time; 

current_time = millis();     

Wh = Wh+  P ;//*(( current_time -last_time) /3600000.0) ;  

dtostrf(Wh, 4, 2, watt);         

Serial.print("P");Serial.print(P);Serial.print("*"); 
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delay(5000); 

Serial.print("B");Serial.write(watt);Serial.print("*"); 

delay(5000);ct++; 

if(ct==5) 

  { 

    r=Wh*5; 

Serial.print("R");Serial.print(r);Serial.print("*");ct=0;Wh=0; 

  }} 
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Chapter-4 

Esp12 wi-fi module(Node mcu v3) 

4.1 INTRODUCTION TO NODE MCU: 

 

NodeMCU V3 is an open-source firmware and development kit that plays a vital 

role in designing your own IoT product using a few Lua script lines. 

Multiple GPIO pins on the board allow you to connect the board with other peripherals 

and are capable of generating PWM, I2C, SPI, and UART serial communications. 

• The interface of the module is mainly divided into two parts including both 

Firmware and Hardware where former runs on the ESP8266 Wi-Fi SoC and later is 

based on the ESP-12 module. 

The firmware is based on Lua – A scripting language that is easy to learn, giving a 

simple programming environment layered with a fast scripting language that connects you 

with a well-known developer community. And open source firmware gives you the 

flexibility to edit, modify and rebuilt the existing module and keep changing the entire 

interface until you succeed in optimizing the module as per your requirements. 

• USB to UART converter is added on the module that helps in converting USB data 

to UART data which mainly understands the language of serial communication. 

Instead of the regular USB port, MicroUSB port is included in the module that connects          

it with the computer for dual purposes: programming and powering up the board. 

• The board incorporates status LED that blinks and turns off immediately, giving you 

the current status of the module if it is running properly when connected with the 

computer. 

The ability of module to establish a flawless WiFi connection between two channels 

makes it an ideal choice for incorporating it with other embedded devices like Raspberry Pi. 

4.2 NODE MCU V3 FEATURES: 

• Open-source 
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• Arduino-like hardware 

• Status LED 

• MicroUSB port 

• Reset/Flash buttons 

• Interactive and Programmable 

• Low cost 

• ESP8266 with inbuilt wifi 

• USB to UART converter 

• GPIO pins 

As mentioned above, a cable supporting micro USB port is used to connect the board. As 

you connect the board with a computer, LED will flash. You may need some drivers to be 

installed on your computer if it fails to detect the NodeMCU board.  

 

4.3 NODE MCU PINOUT: 

NodeMCU V3 comes with a number of GPIO Pins. Following figure shows the 

Pinout of the board.There is a candid difference between Vin and VU where former is the 

regulated voltage that may stand somewhere between 7 to 12 V while later is the power 

voltage for USB that must be kept around 5 V. 
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                      FIG 4.1: Diagramatic representation of node mcu v3 

4.4 HOW TO POWER NODE MCU V3: 

It can be seen from the pinout image above, there are five ground pins and three 3V3 

pins on the board. The board can be powered up using the following three ways. 

• USB Power. It proves to an ideal choice for loading programs unless the project 

you aim to design requires separate interface i.e. disconnected from the computer. 

• Provide 3.3V. This is another great option to power up the module. If you have 

your own off-board regulator, you can generate an instant power source for your 

development kit. 

• Power Vin. This is a voltage regulator that comes with the ability to support up to 

800 mA. It can handle somewhere between 7 to 12 V. You cannot power the 

devices operating at 3.3 V, as this regulator unable to generate as low as 3.3V. 
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4.5 APPLICATIONS: 

NodeMCU V3 is mainly used in the WiFi Applications which most of the other 

embedded modules fail to process unless incorporated with some external WiFi protocol. 

Following are some major applications used for NodeMCU V3. 

• Internet Smoked Alarm 

• VR Tracker 

• Octopod 

• Serial Port Monitor 

• ESP Lamp 

• Incubator Controller 

• IoT home automation 

• Security Alarms 

 

4.6 CODE FOR NODE MCU: 

 

#include”esp8266 wifi.h” 
#include "Adafruit_MQTT.h" 

#include "Adafruit_MQTT_Client.h" 

#define WLAN_SSID       "a*************" 

#define WLAN_PASS       "*******************" 

char watt[5]; 

#define AIO_SERVER      "io.adafruit.com" 

#define AIO_SERVERPORT  1883 

#define AIO_USERNAME    "rjrishabh" 

#define AIO_KEY         "***********************" 

 

WiFiClient client; 

intbill_amount = 0;    

unsignedintenergyTariff = 8.0;  



17 

Adafruit_MQTT_Clientmqtt(&client, AIO_SERVER, AIO_SERVERPORT, 

AIO_USERNAME, AIO_KEY); 

Adafruit_MQTT_Publish Power = Adafruit_MQTT_Publish(&mqtt, AIO_USERNAME 

"/feeds/Power"); 

Adafruit_MQTT_Publish bill = Adafruit_MQTT_Publish(&mqtt, AIO_USERNAME 

"/feeds/bill"); 

voidMQTT_connect(); 

 

void setup() { 

Serial.begin(115200); 

delay(10); 

Serial.println(F("Adafruit MQTT demo")); 

 

  // Connect to WiFi access point. 

Serial.println(); Serial.println(); 

Serial.print("Connecting to "); 

Serial.println(WLAN_SSID); 

 

WiFi.begin(WLAN_SSID, WLAN_PASS); 

while (WiFi.status() != WL_CONNECTED) { 

delay(500); 

Serial.print("."); 

  } 

Serial.println(); 

 

Serial.println("WiFi connected"); 

Serial.println("IP address: "); Serial.println(WiFi.localIP()); 

} 

 

void loop() { 

  // Ensure the connection to the MQTT server is alive (this will make the first 

  // connection and automatically reconnect when disconnected).  See the MQTT_connect 

  // function definition further below. 
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MQTT_connect(); 

 

int i=0; 

float watt1; 

if(Serial.available() > 0 ){ 

delay(100); //allows all serial sent to be received together 

while(Serial.available() && i<5) { 

watt[i++] = Serial.read(); 

    } 

watt[i++]='\0'; 

  } 

 

 watt1 = atof(watt); 

bill_amount = watt1 * (energyTariff/1000);      // 1unit = 1kwH 

Serial.print(F("\nSending Power val ")); 

Serial.println(watt1); 

Serial.print("..."); 

 

if (! Power.publish(watt1)) { 

Serial.println(F("Failed")); 

  } else { 

Serial.println(F("OK!")); 

  } 

 

if (! bill.publish(bill_amount)) { 

Serial.println(F("Failed")); 

  } else { 

Serial.println(F("OK!")); 

  } 

 

if (bill_amount==4){ 

for (int i =0; i<=2; i++) 

{ 
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bill.publish(bill_amount); 

delay(5000); 

} 

bill_amount =6; 

} 

 

delay(5000); 

} 

 

// Function to connect and reconnect as necessary to the MQTT server. 

// Should be called in the loop function and it will take care if connecting. 

voidMQTT_connect() { 

int8_t ret; 

 

  // Stop if already connected. 

if (mqtt.connected()) { 

return; 

  } 

Serial.print("Connecting to MQTT... "); 

uint8_t retries = 3; 

while ((ret = mqtt.connect()) != 0) { // connect will return 0 for connected 

Serial.println(mqtt.connectErrorString(ret)); 

Serial.println("Retrying MQTT connection in 5 seconds..."); 

mqtt.disconnect(); 

delay(5000);  // wait 5 seconds 

retries--; 

if (retries == 0) { 

         // basically die and wait for WDT to reset me 

while (1); 

} }Serial.println("MQTT Connected!");}* 
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Chapter-5 

ACS712-30AMP CURRENT SENSOR 

 

5.1 INTRODUCTION TO ACS712-30A CURRENT SENSOR: 

• ACS712 is a current sensor, which can detect AC or DC current easily. The 

maximum values of AC or DC which can be detected is 30A. Its operating voltage 

is 5v. 

• ACS712 is available in small surface mount SOIC8 package. Its lead-frame is plated 

with 100% matte tin, which is compatible with standard lead-free printed circuit 

board assembly process. 

Its package allows easy implementation by the customer, its typical applications are motor 

control, load detection and overcurrent fault protection. 

It consists of a precise linear hall circuit with a copper conduction path located near the 

surface of the die. When applied current passes through this copper conduction path 

generates a magnetic field which is sensed by Hall integrated circuit (IC) and converted into 

a proportional voltage. 

An output of ACS712 has a positive slope (>VIOUT (Q)) when increasing current passes 

through a primary copper conduction path (from pin 1 and 2, or pin 3 and 4), which is the 

path used for current sensing. The internal resistance of this conductive path is 1.2 mΩ. The 

thickness of the conductor provides survival for a device during the over-current condition. 

  

5.2 FEATURES OF ACS712 : 

 

These are the main features of ACS712. 

• It measures both DC and AC current. 

• Its operating voltage is 5v. 

• It is available in 5A, 20A and 30A module. 

• It provides isolation from the load. 

• It is easily integrated with MCU. 

• It provides a low noise analog signal path. 
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• Its bandwidth is 50 kHz. 

• It is available in low profile SOIC8 package. 

• Its total error is 1.5% at TA = 25°C and 4% at –40°C to 85°C. 

• Its output sensitivity is 66 to 185 mV/A. 

• Its output voltage are proportional to AC or DC currents. 

• It has an extremely stable output offset voltage. 

• Its magnetic hysteresis is nearly 

 

5.3 ACS712 ARDUINO UNO INTERFACING: 

 

• It is very easy to interface ACS712 with a microcontroller, you should also have a look 

at ACS712 Arduino Interfacing for better understanding. 

• In the given circuit diagram, the ACS712 module has two Phoenix terminal connectors 

with mounting screws as shown in the circuit diagram in green color. At these terminals, 

wires are connected. 

• In our circuit diagram we are measuring current drawn by the motor, so the wires which 

are connected with motor is passed through the ACS712 module. Make sure ACS712 

module is connected in series with the motor. 

• On the other side of the module, we have three pins, Vcc is connected with +5V power 

supply and ground is connected to the ground of MCU. 

• Analog voltage given by the ACS712 module can be read using an analog pin of 

Microcontroller. 

• You can interface ACS712 with almost every microcontroller i.e. Arduino, PIC 

Microcontroller, 8051 etc. 

• For a better understanding of this module, let’s see the circuit diagram. 

  

https://www.theengineeringprojects.com/2017/05/dc-current-sensor-acs712-arduino.html
https://www.theengineeringprojects.com/2018/11/how-to-use-analogread-in-arduino.html
https://www.theengineeringprojects.com/2015/03/pic-microcontroller-projects.html
https://www.theengineeringprojects.com/2015/03/pic-microcontroller-projects.html
https://www.theengineeringprojects.com/2018/06/introduction-to-8051-microcontroller.html
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                 FIG 5.1: Acs712 and microcontroller interfacing 

 

5.4 Pin Configuration: 

 

 

FIG5.2: Pin configuration of Acs712-30A current sensor 
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                               TABLE 5.1: Acs712 pin configuration 

 5.5 Specifications 

• Measures both AC and DC current 

• Available as 5A, 20A and 30A module 

• Provides isolation from the load 

• Easy to integrate with MCU, since it outputs analog voltage 

• Scale Factor 

 

5.6  WORKING  PRINCIPLE OF CURRENRT SENSOR:  

Pin Number Pin Name Description 

1 Vcc Input voltage is +5V for typical applications 

2 Output Outputs Analog voltage proportional to current 

3 Ground Connected to ground of circuit 

T1 Wire In The wire through current has to be measured is connected here 

 

T2 Wire Out 

5A Module 20A Module 30A Module 

185mV/Amp 100mV/Amp 66mV per Amp 



24 

 

                            FIG5.3: Principle of hall effect 

 

Before we start building the project it is very important for us to understand the working of 

the ACS712 Current sensor as it is the key component of the project. Measuring current 

especially AC current is always a tough task due to the noise coupled with it improper 

isolation problem etc. But, with the help of this ACS712 module which was engineered by 

Allegro thing have become a lot easier. 

This module works on the principle of Hall-effect, which was discovered by Dr. Edwin 

Hall. According his principle, when a current carrying conductor is placed into a magnetic 

field, a voltage is generated across its edges perpendicular to the directions of both the 

current and the magnetic field. Let us not get too deep into the concept but, simply put we 

use a hall sensor to measure the magnetic field around a current carrying conductor. This 

measurement will be in terms of millivolts which we called as the hall-voltage. This 

measured hall-voltage is proportional to the current that was flowing through the conductor. 

 

ADVANTAGE OF ACS712-30A CURRENT SENSOR: 

 

The major advantage of using ACS712 Current Sensor is that is can measure both AC and 

DC current and it also provides isolation between the Load (AC/DC load) and Measuring 

Unit (Microcontroller part). As shown in the picture we have three pins on the module 

which areVcc, Vout and Ground respectively. 
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WORKING OF CURRENT SENSOR: 

 

The 2-pin terminal block is where the current carrying wire should be passed through. The 

module work on +5V so the Vcc should be powered by 5V and the ground should be 

connected to Ground of the system. The Vout pin has an offset voltage of 2500mV, 

meaning when there is no current flowing through the wire then the output voltage will be 

2500mV and when current flowing is positive, the voltage will be greater than 2500mV and 

when the current flowing is negative, the voltage will be less than 2500mV. 

We will be using the Analog pin of Arduino to read the output voltage (Vout) of the 

module, which will be 512(2500mV) when there is no current flowing through the wire. 

This value will reduce as the current flows in negative direction and will increase as the 

current flows in positive direction. The below table will help you understand how the 

output voltage and ADC value varies based on the current flowing through the wire. 

 

 

 

 

TABLE 5.2 :Output voltage and adc values varies based on current 

 

These values were calculated based on the information given in the Datasheet of ACS712. 

You can also calculate them using the below formulae: 

VoutVoltage(mV) = (ADC Value/  1023)*5000 

Current Through the Wire (A) = (Vout(mv)-2500)/185 
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APPLICATIONS OF ACS712-30A CURRENT SENSOR: 

 

These are some applications of ACS712. 

• It is used for motor speed control. 

• It is used for load detection and management. 

• It is used as switched-mode power supplies. 

• It is used for over current fault protection 

WORKING OF IOT BASED ENERGY METER: 

 IN this project,the main component was arduinouno.Thiswasinterfacing between energy 

meter and GSM module. The use of gsm module provides a feature notication through sms. 

GSMmodule connect the energy meter to user’s mobile phone 

We are using esp8266 wi-fimodule,which acts as heart foriot,throughwi-fi consumer can set 

the changes in threshold value,we can on and off the energy meter time to time meter  

eadings of units and cost are displayed on our mobiles. 

 

https://www.theengineeringprojects.com/2017/04/dc-motor-speed-control-using-arduino.html
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FIG5.4: Interface esp8266 wi-fi module with arduino uno 

ESP8266 Response 

 

At the client end, we need to check ESP8266 responses. We can check it on the serial 

terminal of PC/Laptop. Connect ESP8266 module transmit pin (TX) to the receive pin (RX) 

of Arduino UNO and to receive pin (RX) of USB to serial converter as shown in below 

figure. connect USB to serial converter to PC/Laptop. Open the serial terminal on 

PC/Laptop to see the ESP8266 responses for the AT command sent from Arduino UNO. 
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Now for TCP(transmission control protocol) SEND commands (sent from Arduino UNO 

module) 

Transmission Control Protocol (TCP) is a transport layer or routing protocol. The Internet 

Protocol is a network layer or adaption layer protocol. Often TCP and IP are quoted 

together as TCP/IP.  The TCP and IP are two separate protocols operating at different TCP 

model layers and OSI levels.  

 

Transmission control Protocol and Internet Protocol. The Internet protocol standard defines 

the behavior of the packet i.e. it commands packets where to go and how to get there. The 

Transmission Control Protocol is responsible for synchronous and reliable data 

transmission over Internet connected Networks. Reliability comes because TCP supports 

error checking mechanism. The TCP continuously checks the transmitted and received data 

and if there is any loss in data or manipulation in data occurs, it retransmits the data back. 

The TCP is a connection-oriented protocol, which means a connection is established and 

maintained until client and server have finished exchanging the data to each other.  

 

 

  

 

FIG 5.5: Representational image of tcp/ip protocal 

  

https://engineersgarag.wpengine.com/content/transport-layer-protocols-iot-part-9
https://engineersgarag.wpengine.com/articles/network-layer-protocols-iot-part-8
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Chapter-6 

SOFTWARE 

BLYNK? 

 

Blynk is a platform with iOS and Android apps to control Arduino, ESP8266, 

Raspberry Pi and the likes over the Internet.You can easily build graphic interfaces for all 

your projects by simply dragging and dropping widgets. If you need more information, 

please follow these links: 

• Blynk site 

• Blynk docs 

• Blynk community 

• Blynk Examples generator 

• Facebook 

• Twitter 

• App Store 

• Google Play 

• Blynk library 

• Kickstarter 

Blynk Library Installation: 

1. Download the zip file for Blynk Library : Blynk_Release_v0.4.8 

2. Extract the downloaded zip file in a folder. 

3. Open up Arduino IDE, go to: File -> Preferences and under the Settings tab, copy 

the sketchbook location path. 

4. Now open the file explorer and go to the copied path location. This is the path 

where all the libraries are installed. So, we have to copy all the newly downloaded 

Blynk libraries into this folder. 

https://www.blynk.io/
http://docs.blynk.cc/
https://community.blynk.cc/
https://examples.blynk.cc/
http://www.fb.com/blynkapp
http://twitter.com/blynk_app
https://itunes.apple.com/us/app/blynk-control-arduino-raspberry/id808760481?ls=1&mt=8
https://play.google.com/store/apps/details?id=cc.blynk
https://github.com/blynkkk/blynk-library
https://www.kickstarter.com/projects/167134865/blynk-build-an-app-for-your-arduino-project-in-5-m/description
https://electrosome.com/wp-content/uploads/2018/09/Blynk_Release_v0.4.8.zip
https://electrosome.com/arduino/
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o Copy the files/folders from the Libraries folder of the downloaded Blynk 

directory, and paste it to the Libraries folder of your Arduino IDE’s 

directory (The path which we copied in step 3). 

o Similarly, copy the files/folder from the Tools folder of the downloaded 

Blynk directory, and paste it to the Tools folder of your Arduino IDE’s 

directory. 

Installation and Configuration of blynk App: 

1. Firstly install “Blynk” application from play-store and open it. 

2. Create an account by using Email account or Facebook account. 

3. Click on New Project, enter the Project Name (enter the Project Name according to 

your wish) as “Home Automation“, Choose Device as “NodeMCU“, Connection 

Type as “Wi-Fi” and then click “Create” icon. 

4. After the creation of Project, App will send the Auth Token code to registered 

Email ID. 

5. Click on the “+” icon which located on top right side of the app to create buttons. 

6. Enter the button name and select the GPIO pins (exmaple: D0, D1, D2, D3). 

How it works 

 

Blynk works over the Internet. So the one and only requirement is that your hardware can 

talk to the Internet.No matter what type of connection you choose - Ethernet, Wi-Fi or 

maybe this new ESP8266 everyone is talking about – Blynk libraries and example sketches 

will get you online, connect to Blynk Server and pair up with your smartphone. Currently, 

Blynk libraries work with this stuff:  
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 FIG 6.1: Blynk’s architecture 

 

•  Ethernet shield 

• usb 

• WiFi shield 

• Arduino with Ethernet 

• Arduino YÚN (testing in progress) 

• ESP8266 

• Raspberry Pi (Blynk will communicate with Pi's GPIOs) 

• more Arduino compatible shields and boards (this list will be updated as we test the 

compatibility) 

We are excited to extend this list with other awesome internet enabled products. These are 

our next integrations: 

• Electric Imp 

• Spark Core 
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• The AirBoard 

• Wicked Wildfire 

• TinyDuino 

• WunderBar 

• ...you name it! 

No laptop involved. Unless you really needit 

It's not that easy to take Arduino out of your home network, so we've built a Blynk server. 

It handles all the authentication and communication, and also keeps an eye on your board 

while the smartphone is offline. Blynk server runs on Java and is open-source. You will be 

able to run it locally if you really need to. Messaging between mobile apps ,Blynk Server 

and Arduino is based on a simple, lightweight and fast binary protocol over TCP/IP 

sockets.  

Code Explanation: 

We are including ESP8266 WiFi library which provides ESP8266 specific WiFi routines 

and we are calling it to connect to the network. BlynkSimpleEsp8266 library establishes the 

communication between Blynk App and ESP8266. 

 

 

#define BLYNK_PRINT Serial 

#include <ESP8266WiFi.h> 

#include <BlynkSimpleEsp8266.h> 

#include "DHT.h" 

Get and enter Auth Token which is received from the Blynk App while creating a Project. 

charauth[] = "YourAuthToken" 

charssid[] = "SERVER NAME"; 

char pass[] = "SERVER PASSWORD"; 

 

charauth[] = "i53WELLiOSgYbPlqMJeFKSX6Hgi-JE4m"; 



33 

charssid[] = "energy_meter"; 

char pass[] = "123456789"; 

String myString,pwr,wh,rate; 

intp,l,h,t,w,r; 

void setup()  

{ 

Serial.begin(9600); 

Blynk.begin(auth, ssid, pass); 

} 

 

Put your main code in void loop() function to run repeatedly. This continuously runs with 

Blynk App commands. 

 

void loop()  

{ 

if (Serial.available())  

    { 

myString = Serial.readStringUntil('*'); 

      //do stuff with the string 

      //Serial.println(myString);  

      //Serial.println(myString.substring(0, 1)); 

if(myString.substring(0, 1) == "P") 

      { 

        //Serial.println("-----"); 

pwr=myString.substring(1, 4); 

        p=pwr.toInt(); 

Serial.println("Voltage:"+String(p)); 

Blynk.virtualWrite(V2,p); 

      } 

else if(myString.substring(0, 1) == "B") 

      { 

        //Serial.println("-----"); 

wh=myString.substring(1, 4); 

        w=wh.toInt(); 

Serial.println("wathour:"+String(w)); 

Blynk.virtualWrite(V3,w); 

      } 

else if(myString.substring(0, 1) == "R") 
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      { 

        //Serial.println("-----"); 

rate=myString.substring(1, 4); 

        r=rate.toInt(); 

Serial.println("Rate:"+String(r)); 

Blynk.virtualWrite(V4,r); 

      }//Serial.println("-----"); }} 

 

OVERVIEW OF INTERNET OF THINGS: 

 

 

 Fig6.2: Iot representation 

 The IoT allows objects to be sensed or controlled remotely across existing network 

infrastructure, creating opportunities for more direct integration of the physical world into 

computer-based systems, and resulting in improved efficiency, accuracy and economic 

benefit in addition to reduced human intervention. When IoT is augmented with sensors and 

actuators, the technology becomes an instance of the more general class of cyberphysical 

system, which also encompasses technologies such as smart grids, virtual power plants, 

smart homes and smart cities. Each thing is uniquely identified through its embedded 

computing system but is able to interoperate within the existing internet infrastructure. 
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                                    Fig6.3: Hardware interfacing 

People also want to communicate with all non-living things through internet such as home 

appliances, furniture’s, stationeries, cloths etc. The people already have a lot of 

technologies to interact with living things butIoT enables to communicate with non-living 

things with comfort manner. IoT is a convergence of several technologies like ubiquitous, 

pervasive computing, Ambient Intelligence, Sensors, Actuators, Communications 

technologies, Internet Technologies, Embedded systems etc. 

 

                            Fig6.4: Iot working 

 

MQTT: Message Queue Telemetry Transport 

Overview: 



36 

Message Queue Telemetry Transport is a publish/subscribe-based lightweight protocol. It 

is designed for Machine to Machine (M2M) telemetry in low-bandwidth environments. 

MQTT sits on top of the TCP/IP protocol. This publish/subscribe protocol requires a 

message broker. The broker distributes messages to the interested clients based on the topic 

of the message. More details on the protocol standards can be found here. 

MQTT defines methods for the desired action to be performed on the client. The different 

methods are: 

• Connect: Waits for a connection to be established with the server. 

• Disconnect: Waits for the MQTT client to finish the work and then for the TCP/IP session 

to disconnect. 

• Subscribe: Waits for the completion of a subscribe or unsubscribe method. 

• Unsubscribe: It request the server to unsubscribe the client from one or more topic. 

• Publish: This method immediately returns to the application thread after passing the 

request to the MQTT client. 

 

 

 

 

 

 

 

        FIG 6.5: Diagramatic representation of mqtt connection 

 

How it works? 

A MQTT client is a sensor that generally publishes messages to the broker. 

The broker sends the message to the MQTT clients that have subscribed to receive the data. 

http://mqtt.org/
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A MQTT client can publish, subscribe or both. 

Client Agent is available in almost all programming languages and major operating 

systems. 

Topics are used for MQTT addressing. The JSON file that is downloaded from the Loop 

platform (when the device is deployed) contains the topic to which the data needs to be 

published and subscribed. The user can also create a custom topic and define to publish or 

subscribe or both from ACL (Action Control List) under project settings. 

MQTT Broker is responsible for receiving all messages, filtering them and sending 

messages to al the subscribed clients. The broker also does 

the authentication and authorization of the client. The broker is also extensible, which 

allows integration of custom authentication, authorization and integration of the clients. 

The MQTT connection is always between a client and a broker, as no client connects to 

another client. The client sends a CONNECT message to the broker and broker response 

with a CONNACK and the status. Once the connection is established, the broker keeps it 

open as long as the client does not send a disconnect command. 

Client ID it is the identifier for each of the MQTT clients that connects to the MQTT 

broker. The ID is unique per broker. The broker identifies the client and the state of the 

client using the client ID. 

Security: The broker has a username and password for authentication of the client and 

authorization. MQTTS also uses TLS/SSL certificates for authentication. 

QOS: The Quality of Service tells the user regarding the guarantee of message delivery. 

• QOS 0 - At most once. 

• QOS 1 - At least once. 

• QOS 2 - Exactly once. 

The Quality of Service is important as it lets the client choose the QoS level based on the 

application and network reliability. 

Alternate protocols include the AMQP (Advanced Message Queuing Protocol), COAP 

(Constrained Application Protocol), and XMPP (Extensible Messaging and Presence 

Protocol). 
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Chapter-7 

RESULT AND CONCLUSION 

RESULT: 

Our proposed system web page, where threshold is taken as 5units.  Power with watt hour 

and total bill will be displayed 

CONCLUSION 

An attempt has been made to make a practical model of ‘IoT Based Smart Energy Meter.’ 

The propagated model is used to calculate the energy consumption of the household, and 

even make the energy unit reading to be handy. Hence it reduces the wastage of energy and 

bring awareness among all. Even it will deduct the manual intervention. 

FUTURESCOPE 

Using this  project we can reduce the manual efforts to take the energy meter 

It is a user friendly project in which the electrical department can send the bill via SMS 

Power consumption of the meter is an important design constraint 

Though its overall cost is a bit high but if produced in a large scale we can reduce the cost  

Applications 

• IoT Based Electricity Energy Meter Reading, Theft Detection and Disconnection using 

PLC modem and Power optimization. ... 

• Information Technology Research and Advisory Ccompany. ... 

• IOT Based Waste Collection Monitoring System. ... 

• IOT Based Waste Collection Monitoring System Using Smart Phones. 
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Classification  of Project 

 

Application Product Research Review 

 ✓    

 

Note: Tick Appropriate category.  

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1 1 2 2 3 2 1 2 3 1 1 3 3 3 3 

Outcome 2 3 2 2 2 3 2 3 2 3 2 3 2 2 1 

Outcome 3 2 3 2 2 3 2 2 2 3 2 2 2 3 1 

Outcome 4 2 3 2 1 3 2 1 2 2 2 2 2 2 2 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 

 

Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  



problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     

and design system components or processes that meet the specified needs with appropriate  

consideration for public health and safety, and cultural, societal, and environmental  

considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

research methods including design of experiments, analysis and interpretation of data,  

and synthesis of t h e information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

assess societal, health, safety, legal, and cultural issues and the consequent  

responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  

solutions in societal and environmental contexts, and  demonstrate the knowledge of,  

and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or  

leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

engineering community and with the society at large, such as, being able to  



comprehend and write effective reports and design documentation, make effective  

presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

engineering and management principles and apply these to one’s own work, as a  

member and leader in a team, to manage projects and in multidisciplinary  

environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

engage in independent and life-long learning in the broadest context of technological  

change. 

 

Programme Specific Outcomes(PSO): 

 

1. Apply the knowledge of circuit design, analog& digital electronics to the field of electrical 

and electronics systems 

 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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ABSTRACT 

               In this project we have tried to reduce the wastage of electrical power which 

often arises due to negligence of the user. 

              Here we have make a power system in such a way that, the user can use it only 

for limited period of time after paying for it. A precise coin acceptor is there to accept 

the coin, and it generates the power only after the proper amount of coin (as defined by 

the user) is inserted. For each unit of price, the power is available only for a limited 

period. The time left for usage will be shown on the LCD continuously. In this pay and 

use power system using coin sensor project  there is a coin acceptor which can be 

calibrated by the user by inserting a standard coin to it. The microcontroller can sense 

the number of standard coin inserted by the user, hence can calculate the time window 

for that particular user. There is a dot matrix LCD which displays the time remaining for 

the user. 

            A relay is there control the power, which is interfaced with the          

microcontroller. If the time period gets elapsed the microcontroller turns off the relay, 

hence the power gets disconnected. 
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 CHAPTER 1 

1.1 Introduction 

                        Drop coin and get power is a project in which the user can prepay for the 

amount of electricity he requires. It is analogous to all the prepaid system available. The 

concept will be useful in hotels; PGs etc. were the customer usually has to pay a fixed amount 

even if he didn’t use electricity that much. Using this project the customer will be paying 

only for the consumed electricity. Here in this project the person has to drop coins as per his 

power requirement. The number of coins dropped will be displayed in the LCD. When load 

gets connected the power gets switched ‘ON’. The count starts decreasing simultaneously and 

as it reaches 0 the power supply is disconnected. 

In this kit pay and use power system using coin sensor we have tried to reduce 

the wastage of electrical power which often arises due to negligence of the user. Here we 

have make a power system in such a way that, the user can use it only for limited period of 

time after paying for it. A precise coin acceptor is there to accept the coin, and it generates 

the power only after the proper amount of coin (as defined by the user) is inserted. For each 

unit of price, the power is available only for a limited period. The time left for usage will be 

shown on the LCD continuously. 

For example built on the lines of payphones, here is an automatic coin collection device for 

payloads like lamps and air-conditioners to be used on a private electrical line. It is useful for 

paying guest houses, lodges and trains. 

                                The system makes use of a sensor for detecting the coin and a 

microcontroller that counts the coins and shows the count on a 7-segment display. When you 

close the load switch provided in the circuit, the relay energises to connect the load and the 

coin count on display starts decrementing. When the count decrements to zero, the relay de-

1.2 History Of Coin Based Electrical Power 

                                          The patent for a "coin operated electrical apparatus" was originally 

filed by Norman W. Russ and granted in England in 1886. Russ followed up with patents for 

energises to disconnect the load.
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his invention in France, Belgium, Canada, and the United States, which granted it on May 15, 

1888. 

                                      To operate the shock vending machine, the customer would insert a 

coin that would fall into an internal slot that would position it to complete a circuit when the 

treadle was pressed. While standing on the treadle, Russ wrote that the sliding handle "may 

be slid toward the [other] handle all according to the desired strength of the current," and the 

hand moving around the dial mounted on top of the box would "show the proportional 

increase of intensity of the current." 

The patent does not suggest any parameters for the electric output of the device, safety 

shutoffs, or any specifications for the battery (the patent suggests that it be a "bichromate" 

battery, a type not in use anymore due to inefficiency). Nor does the patent elaborate on why 

anyone might be interested in an electric shock vending machine, beyond that it would allow 

"private houses to obtain an electric shock or a current of electricity without the aid of an 

attendant by the insertion of a coin." 

The history of electricity as a medically beneficial treatment goes back further than Russ' 

machine. His vending apparatus was patented a few decades into a medical trend known as 

"galvanism," which purported to fix a bunch of different ailments by delivering electric 

shocks or currents to a patient. 

In 1821, a surgeon wrote in an essay on the medical application of electricity and galvanism 

that "as a medical application there is not yet discovered in nature any which possess so much 

power and may be used with so much general advantage in all complaints to which main is 

subjected." In 1853, the Bath Chronicle and Weekly Gazette ran an advertisement for 

"galvanic electricity applicable to the cure of most diseases." A partial list of the problems 

electric shocks were purported to fix: "dyspepsia, indigestion, liver complaints, long-standing 

headaches, dimness of sight, deafness, stiff joints, bent knees, and recent cases of 

consumption." Bath, a destination known for its hot springs, periodically referenced "galvanic 

batteries" as treatment staples in its spas and baths in articles through the next few decades, 

including one at the local YMCA. 

By 1886, the paper was making tongue-in-cheek references to the medical nature of 

galvanism. In describing a new spa, one author wrote in 1886, "The council have just 
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provided, as already mentioned, a sweating room and vapour bath, but the galvanic apparatus 

is still lacking. The Baths Committee or the City Architect should take note of this and 

endeavour to discover what remedialaids [sic] are to be found in electricity when applied in 

conjunction with the Bath Waters. They would doubtless have great pleasure in 

experimentalizing with a galvanic battery on some of their modern critics free of charge." 
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CHAPTER 2 

OPERATING EQUIPMENTS 

 

2.1 Relay Or Electro-Mechanical Switch 

                             It is a mechanical switch which is operated electrically to turn ON 

or OFF current in an electrical switch. Some of the advantages by using relays are 

1. The relay requires a small power for its operation. This permits to control a 

large power in the load by a small power to the relay circuit. Thus a relay acts as a power 

amplifier i.e. it combines control with power amplification. 

2. The switch in the relay coil carries a small current as compared to the load 

current. This permits the use of a smaller switch in the relay coil circuit. 

3. The operator can turn ON or OFF power to a load even from a distance. This 

is a very important advantage when high voltages are to be handled. 

4. There is no danger sparking as the turning ON or OFF is carried by the relay 

coil switch which carries a small current. But the speed operation is very small 

2.1.1  What Is A Relay? 

A relay is usually an electromechanical device that is actuated by an electrical current. The 

current flowing in one circuit causes the opening or closing of another circuit. Relays are like 

remote control switches and are used in many applications because of their relative 

simplicity, long life, and proven high reliability. Relays are used in a wide variety of 

applications throughout industry, such as in telephone exchanges, digital computers and 

automation systems. Highly sophisticated relays are utilized to protect electric power systems 

against trouble and power blackouts as well as to regulate and control the generation and 

distribution of power. In the home, relays are used in refrigerators, washing machines and 

dishwashers, and heating and air-conditioning controls. 

2.1.2  Relay Construction  
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Relays are amazingly simple devices. There are four parts in Every relay: 

 Electromagnet 

 Armature that can be attracted by the electromagnet 

 Spring  

 Set of electrical contacts  

2.1.3   How Do Relay Works? 

                                     All relays contain a sensing unit, the electric coil, which is 

powered by AC or DC current. When the applied current or voltage exceeds a threshold 

value, the coil activates the armature, which operates either to close the open contacts or to 

open the closed magnetic force that actuates the switch mechanism. The magnetic force is, in 

effects, relaying the action from one circuit to another. The first circuit is called the control 

circuit; the second is called the load circuit. 

 

 

 

Fig 2.1 Circuit Diagram Of Relay 

There are three basic functions of a relay: On/Off Control Limit Control and Logic 

Operation. 

On/Off Control: Example: Air Conditioning control, used to limit and control a “high power” 

load, such as a compressor 
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Limit Control Example:  Motor Speed Control, used to disconnect a motor if it runs slower or 

faster than the desired speed  

Logic Operation: Example: Test Equipment, used to connect the instrument to a number of 

testing points on the device under test  

2.1.4   Advantages Of Relays 

 Relays can switch AC and DC, transistors can only switch DC. 

 Relays can switch high voltages, transistors cannot. 

 Relays are a better choice for switching large currents   (> 5A). 

 Relays can switch many contacts at once. 

 

2.1.5   Disadvantages Of Relays 

 Relays are bulkier than transistors for switching small currents. 

 Relays cannot switch rapidly (except reed relays), transistors can switch many times 

per second. 

 Relays use more power due to the current flowing through their coil. 

 Relays require more current than many chips can provide, so a low power transistor. 

 

2.2   Liquid Crystal Display 

 2.2.1  History Of Lcd 

                                          In 1968, RCA Laboratories developed the first liquid crystal 

display (LCD). Since then, LCD’s have been implemented on almost all types of digital 

devices, from watches to computer to projection TVs .LCD’s operate as a light “valve”, 

blocking light or allowing it to pass through. An image in an LCD is formed by applying an 

electric field to alter the chemical properties of each LCC (Liquid Crystal Cell) in the display 
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in order to change a pixel’s light absorption properties. These LCC’s modify the image 

produced by the backlight into the screen output requested by the controller. Through the end 

output may be in color, the LCC’s are monochrome, and the color is added later through a 

filtering process. Modern laptop computer displays can produce 65,536 simultaneous colors 

at resolution of 800 X 600. 

To understand the operation of an LCD, it is easiest to trace the path of a light 

ray from the backlight to the user. The light source is usually located directly behind the 

LCD, and can use either LED or conventional fluorescent technology. From this source, the 

light ray will pass through a light polarizer to uniformly polarize the light so it can be acted 

upon by the liquid crystal (LC) matrix. The light beam will then pass through the LC matrix, 

which will determine whether this pixel should be “on” or “off”. If the pixel is “on”, the 

liquid crystal cell is electrically activated, and the molecules in the liquid will align in a 

single direction. This will allow the light to pass through unchanged. If the pixel is “off”, the 

electric field is removed from the liquid, and the molecules with in scatter. This dramatically 

reduces the light that will pass through the display at that pixel. 

In a color display, after the light passes through the liquid crystal matrix, it 

passes through a color filter (usually glass). This filter blocks all wavelengths of light except 

those within the range of that pixel. In a typical RGB display, the color filter is integrated into 

the upper glass colored microscopically to render each individual pixel red,green or blue. The 

areas in between the colored pixel filter areas are printed black to increase contrast. After a 

beam of light passes through the color filter, it  passes through yet another polarizer to 

sharpen the image and eliminate glare. The image is then available for viewing. 

In an AMLCD, each LCC is stimulated individually by a dedicated transistor 

or diode. The two existing AMLCD technologies are Thin Film Transistor (TFT) and metal-

insulator-metal (MIM). In an MIM display, dedicated diodes are fabricated at each pixel. 

MIM displays, currently being manufactured by Toshiba and Seiko-Epson, are not 

advantageous that TFT displays.  

2.2.2  Interfacing LCD To The Microcontroller 

This is the first interfacing example for the parallel port. We will star with something 

simple. This example does not use the Bi-directional feature found on newer ports, thus it 

should work with most, if no all Parallel Ports. It however does not show the use of the status 
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port as an input. So what are we interfacing? A 16 Character X 2 Line LCD Module to the 

Parallel Port. These LCD Modules are very common these days, and are quite simple to work 

with, as all the logic required running them is on board. 

2.2.3 Features 

 Interface with either 4-bit or 8-bit microprocessor. 

 Display data RAM 

 80 ´ 8 bits (80 characters). 

 Character generator ROM 

 160 different 5 ´ 7 dot-matrix character patterns. 

 Character generator RAM 

 8 different user programmed 5 ´ 7 dot-matrix patterns. 

 Display data RAM and character generator RAM may be  

 accessed by the microprocessor. 

 Numerous instructions  

 Clear Display, Cursor Home, Display ON/OFF, Cursor  

 ON/OFF, Blink Character, Cursor Shift, Display Shift. 

 Built-in reset circuit is triggered at power ON. 
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Fig2.2 A general purpose LCD, with two lines of 16 characters. 

 

2.2.4 Pin Diagram 

 

                 Fig 2.3 Pin diagram 
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Table 2.1 Pin Definitions 

In the above table Vcc and Vss are supply pins and VEE (Pin no.3) is used for controlling 

LCD contrast. Pin No.4 is Rs pin for selecting the register, there are two very important 

registers are there in side the LCD. The RS pin is used for their selection as follows. If RS=0, 

the instruction command code register is selected, allowing the user to send data to be 

displayed on the LCD. R/W is a read or writes Pin, which allows the user to write 

information to the LCD or read information from it. R/W=1 when reading R/W=0 when 

writing. The LCD to latch information presented to its data pins uses the enable (E) pin. The 

8-bit data pins, D0-D7, are used to send information to the LCD or read the contents of the 

LCD’s internal registers. To display letters and numbers, we must send ASCII codes for the 

letters A-Z, and number 0 -9 to these pins while making RS=1. 

 

2.2.5    Absolute Maximum Ratings: 
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2.2.6   Quality control 

Some LCD panels have defective transistors, causing permanently lit or unlit 

pixels which are commonly referred to as stuck pixels or dead pixels respectively. Unlike 

integrated circuits (ICs), LCD panels with a few defective pixels are usually still usable. It is 

also economically prohibitive to discard a panel with just a few defective pixels because LCD 

panels are much larger than ICs. 

 

:2.2.7 Color Displays 

In color LCDs each individual pixel is divided into three cells, or subpixels, 

which are colored red, green, and blue, respectively, by additional filters (pigment filters, dye 

filters and metal oxide filters). Each subpixel can be controlled independently to yield 

thousands or millions of possible colors for each pixel. CRT monitors employ a similar 

'subpixel' structures via phosphors, although the analog electron beam employed in CRTs do 

not hit exact 'subpixels'. 

Color components may be arrayed in various pixel geometries, depending on 

the monitor's usage. If software knows which type of geometry is being used in a given LCD, 

this can be used to increase the apparent resolution of the monitor through sub pixel 

rendering. This technique is especially useful for text anti-aliasing. 

To reduce smudging in a moving picture when pixels do not respond quickly 

enough to color changes, so-called pixel overdrive may be used.                                            
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CHAPTER 3 

MICROCONTROLLER 89C52 

3.1 Features 

 Compatible with MCS-51 Products. 

 8K Bytes of In-System Reprogrammable Flash Memory. 

 Endurance: 1,000 Write/Erase Cycles. 

 Fully Static Operation: 0 Hz to 24 MHz. 

 Three-level Program Memory Lock. 

 256 x 8-Bit Internal RAM. 

 32 Programmable I/O Lines. 

 Three 16-bit Timer/Counters. 

 Eight Interrupt Sources. 

 Programmable Serial Channel. 

 Low Power Idle and Power Down Modes 

 

3.2 Pin Diagram And Its Description: 

The microcontroller generic part number actually includes a whole family of 

microcontrollers that have numbers ranging from 8031to 8751 and are available in N-

Channel Metal Oxide Silicon (NMOS) and Complementary Metal Oxide Silicon (CMOS) 

construction in a variety of package types. 

12



 

Fig 3.1: Pin Diagram 

with 4Kbytes of Flash Programmable and Erasable Read Only Memory (PEROM). 

The device is manufactured using Atmel’s high density nonvolatile memory technology and 

is compatible with the industry standard MCS-51 instruction set and pinout. The on-chip 

Flash allows the program memory to be reprogrammed in-system or by a conventional 

nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash on a 

monolithic chip, the Atmel AT89C52 is a powerful microcomputer which provides a highly 

flexible and cost effective solution to many embedded control applications.  

The AT89C52 provides the following standard features: 4 Kbytes of Flash, 256 bytes 

of RAM, 32 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt 

architecture, a full duplex serial port, on-chip oscillator and clock circuitry. In addition, the 

AT89C52 is designed with static logic for operation down to zero frequency and supports two 

software selectable power saving modes. The Idle Mode stops the CPU while allowing the 
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RAM, timer/counters, serial port and interrupt system to continue functioning. The Power 

Down Mode saves the RAM contents but freezes the oscillator disabling all other chip 

functions until the next hardware reset. 

3.3 Architecture Of 89c52 

 

Fig 3.2: Architecture of 89C52 

3.3.1 Port 0: 

Port 0 is an 8-bit open drain bidirectional I/O port. As an output port each pin can sink 

eight TTL inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance 

inputs. Port 0 may also be configured to be the multiplexed low order address/data bus during 

accesses to external program and data memory. In this mode P0 has internal pull-ups. Port 0 

also receives the code bytes during Flash programming, and outputs the code bytes during 

program verification. External pull-ups are required during program verification 
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3.3.2 Port 1: 

Port 1 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 1 output 

buffers can sink/source four TTL inputs. When 1s are written to Port 1 pins they are pulled 

high by the internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are 

externally being pulled low will source current (IIL) because of the internal pull-ups. Port 1 

also receives the low-order address bytes during Flash programming and program 

verification. 

 

Table 3.1 Alternate functions of port 1 

 

3.3.3 Port 2: 

Port 2 is an 8-bit bidirectional I/O port with internal pullups. The Port 2 output buffers 

can sink/source four TTL inputs. When 1s are written to Port 2 pins they are pulled high by 

the internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being 

pulled low will source current (IIL) because of the internal pullups.Port 2 emits the high-

order address byte during fetches from external program memory and during accesses to 

external data memory that use 16-bit addresses (MOVX A,@DPTR). In this application it 

uses strong internal pull-ups when emitting 1s. During accesses to external data memory that 

uses 8-bit addresses (MOVX A,@RI), Port 2 emits the contents of the P2 Special Function 

Register. Port 2 also receives the high-order address bits and some control signals during 

Flash programming and verification. 

3.3.4 Port 3: 
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Port 3 is an 8-bit bidirectional I/O port with internal pullups. The Port 3 output buffers 

can sink/source four TTL inputs. When 1s are written to Port 3 pins they are pulled high by 

the internal pullups and can be used as inputs. As inputs, Port 3 pins that are externally being 

pulled low will source current (IIL) because of the pullups. Port 3 also serves the functions of 

various special features of the AT89C52 as listed below: 

 

   Table 3.2  Alternate functions of port 3 

 

3.3.5 RST: 

RST means RESET; 89C52 uses an active high reset pin. It must go high for two 

machine cycles. The simple RC circuit used here will supply voltage (Vcc) to reset pin until 

capacitance begins to charge. At a threshold of about 2.5V, reset input reaches a low level 

and system begin to run. 

 

Fig: 3.3: Reset Connection 
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3.3.6 ALE/PROG: 

Address Latch Enable output pulse for latching the low byte of the address during 

accesses to external memory. This pin is also the program pulse input (PROG) during Flash 

programming. In normal operation ALE is emitted at a constant rate of 1/6 the oscillator 

frequency, and may be used for external timing or clocking purposes. Note, however, that one 

ALE pulse is skipped during each access to external Data Memory. If desired, ALE operation 

can be disabled by setting bit 0 of SFR location 8EH. With the bit set, ALE is active only 

during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled high. Setting the 

ALE-disable bit has no effect if the microcontroller is in external execution mode. 

 

 

3.3.7 PSEN: 

Program Store Enable is the read strobe to external program memory. When the 

AT89C52 is executing code from external program memory, PSEN is activated twice each 

machine cycle, except that two PSEN activations are skipped during each access to external 

data memory. 

3.3.8 EA/VPP: 

External Access Enable. EA must be strapped to GND in order to enable the device to fetch 

code from external program memory locations starting at OOOOH up to FFFFH. Note, 

however, that if lock bit 1 is programmed, EA will be internally latched on reset. EA should 

be strapped to Vcc for internal program executions. This pin also receives the 12-volt 

programming enable voltage (Vpp) during Flash programming, for parts that require 12-volt 

Vpp. 

XTAL1:Input to the inverting oscillator amplifier and input to the internal clock operating 

circuit 

XTAL2:Output from the inverting oscillator amplifier. 

T2: External count input to Timer/Counter 2, Clock out. 

T2EX:Counter 2 capture/reload trigger & direction control. 
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3.3.9 The On-Chip Oscillators 

Pins XTAL1 and XTAL2 are provided for connecting a resonant network to form an 

oscillator. The crystal frequency is basic internal clock frequency. The maximum and 

minimum frequencies are specified from 1to 24MHZ.  

Program instructions may require one, two or four machine  cycles to be executed 

depending on type of instructions. To calculate the time any particular instructions will take 

to be executed, the number of cycles ‘C’, 

T = C*12d / Crystal frequency 

Here, we chose frequency as 11.0592MHZ. This is because, 

baud= 2*clock frequency/(32d. 12d[256d-TH1]).The oscillator is chosen to help generate 

both standard and nonstandard baud rates. If standard baud rates are desired, an 11.0592MHZ 

crystal should be selected. From our desired standard rate, TH1 can be calculated. The 

internally implemented value of capacitance is 33 pf. 

 

Fig 3.4:On-Chip Oscillators 

 

3.3.10Program Memory Lock Bits 

On the chip there are three lock bits which can be left unprogrammed (U) or can be 

programmed (P) to obtain the additional features .When lock bit 1 is programmed, the logic 

level at the EA pin is sampled and latched during reset. If the device is powered up without a 

reset, the latch initializes to a random value, and holds that value until reset is activated. It is 
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necessary that the latched value of EA be in agreement with the current logic level at that pin 

in order for the device to function properly. 

 

3.3.11 Program Counter and Data Pointer 

The 89C52 contains two 16-bit registers: the program counter (PC) and the data 

pointer (DPTR), Each is used to hold the address of a byte in memory. The PC is the only 

register that does not have an internal address. The DPTR is under the control of program 

instructions and can be specified by its 16-bit name, DPTR, or by each individual byte name, 

DPH and DPL. DPTR does not have a single internal address, DPH and DPL are each 

assigned an address. 

3.3.12 A & B Registers 

The 89C52 contains 34 general-purpose, working, registers. Two of these, registers A 

and B, hold results of many instructions, particularly math and logical operations, of the 

89C52 CPU. The other 32 are arranged as part of internal RAM in four banks, B0-B3, of 

eight registers. The A register is also used for all data transfers between the 89C52 and any 

external memory. The B register is used for with the A register for multiplication and division 

operations. 

3.3.13 Flags and the Program Status Word (PSW) 

Flags may be conveniently addressed, they are grouped inside the program status 

word (PSW) and the power control (PCON) registers.  

The 89C52 has four math flags that respond automatically to the outcomes of math 

operations and three general-purpose user flags that can be set to 1 or cleared to 0 by the 

programmer as desired. The math flags include Carry (C), Auxiliary Carry (AC), Overflow 

(OV), and Parity (P). User flags are named F0,GF0 and GF1, they are general-purpose flags 

that may be used by the programmer to record some event in the program. 
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3.3.14 MEMORY ORGANISATION 

Internal Memory: 

The 89C52 has internal RAM and ROM memory for the functions. Additional 

memory can be added externally using suitable circuits. This has a Hardware architecture, 

which uses the same address, in different memories, for code and data. 

3.3.15 Internal RAM: 

The 256-byte internal RAM. The upper 128 bytes occupy a parallel address space to 

the Special Function Registers. Instructions that use indirect addressing access the upper 128 

bytes of RAM. Stack operations are examples of indirect addressing. 

Internal Data Memory addresses are always one byte wide, which implies an address 

space of only 256 bytes. However, the addressing modes for internal RAM can in fact 

accommodate 384 bytes, using a simple trick. Direct addresses higher than 7FH access one 

memory space, and indirect addresses higher than 7FH access a different memory space. 

Thus Figure shows the Upper 128 and SFR space occupying the same block of addresses, 

80H through FFH, although they are physically separate entities.  

The Lower 128 bytes of RAM are present in all 89C52 devices as mapped in Figure. 

The lowest 32 bytes are grouped into 4 banks of 8 registers. Program instructions call out 

these registers as R0 through R7.  

Two bits in the Program Status Word (PSW) select which register bank is in use. This 

allows more efficient use of code space, since register instructions are shorter than 

instructions that use direct addressing. The next 16 bytes above the register banks form a 

block of bit addressable memory space. The 89C52 instruction set includes a wide selection 

of single-bit instructions, and the 128 bits in this area can be directly addressed by these 

instructions. The bit addresses in this area are 00H through 7FH. All of the bytes in the 

Lower 128 can be accessed by either direct or indirect addressing. 

The Upper 128  can only be accessed by indirect addressing. SFRs include the Port 

latches, timers, peripheral controls, etc. These registers can only be accessed by direct 

addressing. Sixteen addresses in SFR space are both byte- and bit-addressable. The bit-

addressable SFRs are those whose address ends in OH or 80H.  
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Fig 3.5 Upper 128 bytes of internal RAM 

Fig 3.6 SFR Space 

3.3.16 The Stack and Stack Pointer 

The stack refers to an area of internal RAM that is used in conjunction with certain 

opcodes to store and retrieve data quickly. The 8-bit stack pointer register is used by the 

89C52 to hold an internal RAM address that is called the top of the stack. The address held in 

the SP register is the location in internal RAM where the last byte of data was stored by a 

stack operation. When data is to be placed on the stack, the SP increments before storing data 
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on the stack so that the stack grows up as data is stored. As data is retrieved from the stack, 

the byte is read from the stack, then the SP decrements to point to the next available byte of 

stored data. 

3.4  Special Function Registers 

The 89C52 operations that do not use the internal 128-byte RAM addresses from 00h 

to 7Fh are done by a group of specific internal registers, each called a Special Function 

register, which may be addressed much like internal RAM, using addresses from 80h to FFh. 

PC is not part of the SFR and has no internal RAM addres 

 

Table 3.3 Bit Addresses 

 

Table 3.4 non bit addresses 
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Table 3.5 Special Function Registers 
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CHAPTER 4 

MAKING OF PCB: 

4.1 Introduction 

One of the most discouraging things about making a hardware project is 

building the printed circuit board-PCB.it is sometimes possible to use strip board or some 

other pre-fabricated board but more often than not the circuit complexity and performance 

requires a proper PCB to be made .The good news is that due to improvements in printing 

and processing technologies it is now relatively easy to make inexpensive high quality PCB’s 

at home. 

 

WARNING-Making PCB’s requires the use of Ferric Chloride(FeCi3) which is corrosive so 

avoid skin and eye contact .Remember safety-first so, use glasses, gloves and protective 

overalls .Ferric Chloride is also very good at distorting cloths weeks after you think you have 

washed it off. If you do get any on your skin then wash it off immediately with lots of water 

and soap. 

 

4.2 The Artwork 

The first stage is to transfer the circuit layout from the PC to the special Press-

n-Peel film. Put the film in the laser printer so that the print will appear on it. This will 

produce a contact print where the black image will end up as copper on the final PCB. Now 

to transfer the artwork to the Copper board by following the instructions with the Press-n-

Peel film: 

 Clean the copper board very well with the PCB cleaning rubber. 

 Heat the cloths iron to 300 deg F. 

 Hole the film with the print in contact to the copper and smoothly iron the film down 

until the print appears black through the film (about 1min). 

 Allow 5min to cool down (or speed up this with water) then peel the film off. 
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 This should produce a clean black print on to the copper. If you let the film move or 

overheat then you will find that the tracks and writing will be smeared and out of focus also 

the film may be wrinkled up. If you don’t use enough heat or heat unevenly then the film may 

not stick or to be dark enough. In either case clean off the PCB and try again, you should get 

it right after a couple of goes.  

4.3 The Etching 

 Etching the PCB is to remove the unwanted copper. 

 Dilute the concentrated Ferric Chloride fluid with water (1:1) and pour into the one 

liter glass jar. 

 Put the PCB copper side up on the top tray and pour all Ferric Chloride on top. 

 Gently rock the top tray to keep the etch fluid moving avoiding spillage. 

 After about 15min all of the unwanted copper disappears. 

 Remove the board and drop it into a bucket of cold water to clean off. 

 

4.4 Drilling 

 Drilling with 0.8mm drill bits can be bit tricky as it is easy to break the drill bits. 

Always hold the drill straight and do not bend it when the hole has started .Using a 0.8mm 

PCB drill bit, drill out all of the component holes that are required. So, now the PCB is 

finished and it is ready to solder. 

 

4.5 Advantages Of Pcb 

 Reducing wiring errors. 

 Decreases assembly cost. 

 Typically consume less space than traditionally build circuits. 
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4.6 Applications 

  After some small modifications made, the same kit can find many 

applications. 

 Automation in industries ,house hold appliances etc 

 Also used in a remote areas where the facility of Cell network is provided. 

 

4.7 Power Supply 

4.7.1 Description 

The Power Supply is a Primary requirement for the project work. The required 

DC power supply for the base unit as well as for the recharging unit is derived from the mains 

line. For this purpose center tapped secondary of 12V-012V transformer is used. From this 

transformer we getting 5V power supply. In this +5V output is a regulated output and it is 

designed using 7805 positive voltage regulator. This is a 3 Pin voltage regulator, can deliver 

current up to 800 milliamps. 

                        Rectification is a process of rendering an alternating current or voltage into a 

unidirectional one. The component used for rectification is called ‘Rectifier’. A rectifier 

permits current to flow only during positive half cycles of the applied AC voltage. Thus, 

pulsating DC is obtained to obtain smooth DC power additional filter circuits required.  
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Fig 4.1 Power Supply 

                              A diode can be used as rectifier. There are various types of diodes. 

However, semiconductor diodes are very popularly used as rectifiers. A semiconductor diode 

is a solid-state device consisting of two elements is being an electron emitter or cathode, the 

other an electron collector or anode. Since electrons in a semiconductor diode can flow in one 

direction only-form emitter to collector-the diode provides the unilateral conduction 

necessary for rectification. 

      The rectified Output is filtered for smoothening the DC, for this purpose 

capacitor is used in the filter circuit. The filter capacitors are usually connected in parallel 

with the rectifier output and the load. The AC can pass through a capacitor but DC cannot, 

the ripples are thus limited and the output becomes smoothed. When the voltage across the 

capacitor plates tends to rise, it stores up energy back into voltage and current. Thus, the 

fluctuation in the output voltage is reduced considerable.  

4.8 Voltage Regulator 

4.8.1 Lm 78xx Series Voltage Regulator 

The LM 78XXX series of the three terminal regulations is available with several fixed 

output voltages making them useful in a wide range of applications.  One of these is local on 

card regulation.  The voltages available allow these regulators to be used in logic systems, 

instrumentation and other solid state electronic equipment.  Although designed primarily as 

fixed voltage regulators, these devices  can be used with external components to obtain 
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adjustable voltages and currents.  The LM78XX series is available in aluminum to 3 

packages which will allow over 1.5A load current if adequate heat sinking is provided.  

Current limiting is included to limit the peak output current to a safe value.  The LM 78XX is 

available in the metal 3 leads to 5 and the plastic to 92.  For this type, with adequate  heat 

sinking.  The regulator can deliver 100mA output current.  

The advantage of this type of regulator is, it is easy to use and minimize the number 

of external components.  

The following are the features voltage regulators: 

a)  Output current in  exces of 1.5A for 78 and 78L series 

b)  Internal thermal overload protection 

c) No external components  required 

d)  Output transistor sage area protection 

e)  Internal short circuit current limit.  

f)   Available in  aluminum 3 package. 

 4.8.2  Positive Voltage Regulator 

The positive voltage regulator has different features like 

 Output current up to 1.5A 

 No external components 

 Internal thermal overload protection 

 High power dissipation capability 

 Internal short-circuit current limiting 

 Output transistor safe area compensation 

 Direct replacements for Fairchild microA7800 series 
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Nominal 

Output Voltage 

Regulator 

5V uA7805C  

    6V uA7806C  

    8V uA7808C   

    8.5V uA7885C   

   10V uA7810C 

   12V uA7812C  

   15V uA7815C 

   18V uA7818C 

   24V uA7824C 

Table 4.1 positive voltage regulation 

4.9 IR Reciever TSOP1733: 

4.9.1 Description: 

The TSOP1733 are miniaturized receivers for infrared remote control systems.  IN diode and 

preamplifier are assembled on lead frame, the epoxy package is designed as IR filter. 

The demodulated output signal can directly be decoded by a microprocessor. TSOP1733 is 

the standard IR remote control receiver series, supporting all major transmission codes. 
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Fig 4.2 IR Reciever 

4.9.2 Features: 

 Photo detector and preamplifier in one package 

  Internal filter for PCM frequency 

  Improved shielding against electrical field disturbance 

  TTL and CMOS compatibility 

  Output active low 

  Low power consumption 

  High immunity against ambient light 

  Continuous data transmission possible (up to 2400 bps) 

  Suitable burst length .10 cycles/burst 
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Fig 4.3 Positive Voltage Regulator 

Here the IR receiver receives IR frequency from transmitter generates a bit 0 

while IR frequency focused on the IR detector, generates bit 1 when there is no IR signal. 

This IR data is given to the RXD pin of the micro controller used in the receiver. 

 

4.9.3 Transmitter: 

Normally the port maintains logic high state when the signal light is at OFF state; it 

maintains logic 0 when it is at ON state. The program written in the micro controller gets the 

data from the port pin transfers appropriate code to the serial buffer 89c52. The serial buffer 

transmits the data to the receiver unit via TXD pin of the micro controller with the following 

parameter the transmission speed is 300bps, data length is 8 bit, no of stop bits is equal to 2, 

no parity. The 300bps is developed from the basic crystal frequency 11.052MHz. The 

frequency is divided to 300bps with the help of internal timer counter register. The 

transmitted data is given to the IR modulator. Here we have used a crystal oscillator 

11.052MHz crystal, 33pf capacitor specified by the manufacturer connected to pin XTL1 and 

XTL2. We have designed reset logic for active high reset signal, 10µf capacitor, 8.2K 

resistors i.e. connected to the RST pin of micro controller. 
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4.9.4 IR modulator: 

The IR modulator is an Astable multivibrator generates 35 KHz frequency 

while receiving a bit0 from the TXD pin of the micro controller. By receiving bit1 at pin4 i.e. 

RST of 555. The data from TXD pin of micro controller is inverted with the help of BC547 

transistor. Ultimately bit0 at the TXD pin of the micro controller generates 35 KHz IR 

frequencies, the frequency is emitted by the IR LED with the help of BC547 driver transistor, 

and its base is connected to 555 output. 

 

Fig 4.4 IR Modulator 
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4.9.5 Receiver 

 

 

Fig 4.5 Reciever 

The receiver is having IR photo diode and IR processing comparator opamp. It 

has 3 pins, one is ground, other is Vcc via 47Ω resistor & 10µf capacitors the network 

reduces Vcc by 1.5V safety voltage is applied to IR receiver the 3
rd

 pin is data pin and is 

normally at high state when there is no signal focused on IR receiver when there is signal. 

This asynchronous data is given to RXD pin of micro controller the data received at RXD pi 

of the micro controller converts into parallel subsequently stores in serial buffer. The serial 

setting is same as the setting of transmitter i.e. (300bps, 8bit, 1stop bit, no parity). 
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Fig: 4.6 Practical view of Project 
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Chapter-5 

Conclusion 

This project work is an attempt to design and implement the reduction of wastage of 

electricity and economical way of using it. 

By using simple basic circuit components such as relays sensors, and microcontroller 

circuits which cost very less but ultimately the results we are obtained are good 
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PROJECT PROFORMA 

 

 

Classification  of Project 

 

Application Product Research Review 

                     

Note: Tick Appropriate category.  

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

Mapping Table 

Project 

Outcomes 

Program Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1   3  3          

Outcome 2         3 3 3    

Outcome 3  2   2          

Outcome 4 3 2  2       2  3 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

  on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 

 

Program Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of t h e information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  

    solutions in societal and environmental contexts, and  demonstrate the knowledge of,  

    and need for sustainable development. 

3

2 2

3
3

2
3

2



 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

    norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 

 

Program Specific Outcomes(PSO): 

 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

 

2. Analyze, design and develop control systems, industrial drives and power systems 

using modern tools. 
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ABSTRACT 

        The project explains the process of the system design for the rotary encoder and easy 

driver control of stepper motor via web server. The hardware structure is designed and 

implemented. Two types of communication are used to operate the stepper motor. The first is 

realized by serial RS-232 protocol and the second one uses TCP/IP protocol control. The TCP/IP 

protocol provides communication between server and client computes. The proposed control 

system is connected to the server. The main objective of this project is to obtain a precise control 

of velocity or number of steps of the stepper motor. 

 Stepper motors are quite different from dc motors, since they have the ability to break 

down a full rotation to small steps. It allows the user to control the rotation angle of motor with 

precision. Stepper motors are built with electromagnets each having a different alignment. When 

a particular electromagnetic is powered the gear teeth are aligned as per the particular 

electromagnet. 
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CHAPTER 1 

INTRODUCTION 

As mentioned earlier, a Stepper Motor is a type of DC Motor that rotates in discrete steps. Due to 

their unique design, stepper motors can be controlled for precise positioning without any 

feedback. A typical stepper motor has multiple coils that are divided into phases. When each 

phase is energised in sequence, the rotor of the stepper motor rotates in steps. Basically, there are 

three types of stepper motors: Variable Reluctance (VR) Stepper Motors, Permanent Magnet 

(PM) Stepper Motors and Hybrid Stepper Motors. Based on the winding of the stator, stepper 

motors can also be classified as Bipolar Stepper Motors and Unipolar Stepper Motors. The detail 

of the types of stepper motors but it is important to identify whether your stepper motor is a 

bipolar or unipolar one. 

    A unipolar stepper motor has one winding with center tap per phase. Each section of windings 

is switched on for each direction of magnetic field. Since in this arrangement a magnetic pole 

can be reversed without switching the direction of current, the communication circuit can be 

made very simple (e.g., a single transistor) for each winding. Typically, given a phase, the center 

tap of each winding is made common: giving three leads per phase and six leads for a typical two 

phase motor. Often, these two phase commons are internally joined, so the motor has only five 

leads. 

    Bipolar motors have a single winding per phase. The current in a winding needs to be reversed 

in order to reverse a magnetic pole, so the driving circuit must be more complicated, typically 

with an H-bridge arrangement (however there are several off-the-shelf driver chips available to 

make this a simple affair). There are two leads per phase, none are common. A typical driving 

pattern for a two coil bipolar stepper motor would be: A+ B+ A− B−. I.e. drive coil A with 

positive current, then remove current from coil A; then drive coil B with positive current, then 

remove current from coil B; then drive coil A with negative current (flipping polarity by 

switching the wires e.g. with an H bridge), then remove current from coil A; then drive coil B 

with negative current (again flipping polarity same as coil A); the cycle is complete and begins 

again. 

 

   1.1 Requirements of The Project: 

• Arduino uno 

• Nema 17  stepper motor  

• Rotary encoder 

• Easy driver 

• USB Cable 
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CHAPTER 2 

SCHEMATIC DIAGRAM 

   

2.1 SCHEMATIC DIAGRAM: 

 

 

 

 

Fig.2.1:  Schematic diagram of Arduino Controlled Stepper Motor Using Rotary Encoder 

and Easy driver 
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2.2 Description: 

Stepper Motor Control using Arduino is a simple project where a Bipolar Stepper Motor is 

controlled using Arduino uno, rotary encoder and easy driver. Stepper Motor is a type of 

brushless DC Motor that converts electrical pulses into distinct mechanical movements i.e. the 

shaft of a stepper motor rotates in discrete steps. When a computer controls these steps we can 

get precise position and speed control. 

Because of this discrete nature of step – wise rotation of a stepper motor, they are often 

employed in industrial automation CNC systems, etc. where precision motion is required. 

In this project, we designed a simple system to control a stepper motor using Arduino UNO, 

rotary encoder and easy driver. We have used Arduino UNO and rotary encoder as the main 

controlling parts of the project to control the steps of the stepper motor. We will be using the 

popular Easy Driver board to control the stepper. We will write some code to have the motor 

move in the direction that we turn the rotary encoder, and also keep track of how much steps we 

have taken, so that we can have the motor move back to the starting position by pressing down 

on the rotary encoder switch. 

To start we will not use any library to control the motor, instead we will write very fast some 

pins HIGH and LOW to make the steps. 

Pin 8 is connected to STEPS (Easy driver)  

Pin 9 to DIR (Easy driver) 

Pin 10 to CLK (Rotary encoder) 

Pin 11 to DT (Rotary encoder) 

 

The 4 leads of the NEMA stepper (2 per coils), are connected directly to the Easy Driver A and 

B. A quick way to identify which wires are part of the same coil is to connect two wires together 

and if you feel resistance when trying to turn the stepper motor shaft, that means that those 2 

wires are part of the same coil. 

The Voltage and GND of the Easy Driver are connected to a 5V power supply. 

The NEMA 17 motor we are using has a max amperage draw of around 1.7A. 

Pin 2(CLK), 3(DT) and 4(SW) are receiving information from the rotary encoder. 

We also connect the UNO Ground to the Easy Driver to serve as a reference. 
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CHAPTER 3 

COMPONENTS AND DESCRIPTION 

3.1 ARDUINO UNO: 

The Arduino UNO is an open-source microcontroller board based on 

the Microchip ATmega328P microcontroller and developed by Arduino.cc. The board is 

equipped with sets of digital and analog input/output (I/O) pins that may be interfaced to various 

expansion boards (shields) and other circuits. The board has 14 Digital pins, 6 Analog pins, and 

programmable with the Arduino IDE (Integrated Development Environment) via a type B USB 

cable. It can be powered by a USB cable or by an external 9 volt battery, though it accepts 

voltages between 7 and 20 volts. It is also similar to the Arduino Nano and Leonardo. The 

hardware reference design is distributed under a Creative Commons Attribution Share-Alike 2.5 

license and is available on the Arduino website. Layout and production files for some versions of 

the hardware are also available. "Uno" means one in Italian and was chosen to mark the release 

of Arduino Software (IDE) 1.0. The Uno board and version 1.0 of Arduino Software (IDE) were 

the reference versions of Arduino, now evolved to newer releases.The Uno board is the first in a 

series of USB Arduino boards, and the reference model for the Arduino platform.The 

ATmega328 on the Arduino Uno comes preprogrammed with a boot loader that allows 

uploading new code to it without the use of an external hardware programmer. It communicates 

using the original STK500 protocol. The Uno also differs from all preceding boards in that it 

does not use the FTDI USB-to-serial driver chip. Instead, it uses the Atmega16U2 (Atmega8U2 

up to version R2) programmed as a USB-to-serial converter. 

 

3.1.1 General Pin functions: 

• LED: There is a built-in LED driven by digital pin 13. When the pin is HIGH value, the 

LED is on when the pin is LOW it’s off. 

• Vin: The input voltage to the Arduino board when it's using an external power source (as 

opposed to 5 volts from the USB connection or other regulated power source). You can 

supply voltage through this pin or if supplying voltage via the power jack access it through 

this pin. 

• 5V: This pin outputs a regulated 5V from the regulator on the board. The board can be 

supplied with power either from the DC power jack (7 - 20V), the USB connector (5V), or 

the VIN pin of the board (7-20V). Supplying voltage via the 5V or 3.3V pins bypasses the 

regulator, and can damage the board. 

• 3V3: A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 

mA. 

• GND: Ground pins. 

• I0REF: This pin on the Arduino board provides the voltage reference with which the 

microcontroller operates. A properly configured shield can read the IOREF pin voltage and 

select the appropriate power source or enable voltage translators on the outputs to work with 

the 5V or 3.3V. 

• Reset: Typically used to add a reset button to shields which block the one on the board. 

https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Arduino#Software
https://en.wikipedia.org/wiki/Creative_Commons
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3.1.2 Special Pin Functions: 

Each of the 14 digital pins and 6 Analog pins on the Uno can be used as an input or output, using 

pin Mode () digital Write (), and digital Read () functions. They operate at 5 volts. Each pin can 

provide or receive 20 mA as recommended operating condition and has an internal pull-up 

resistor (disconnected by default) of 20-50k ohm. A maximum of 40mA is the value that must 

not be exceeded on any I/O pin to avoid permanent damage to the microcontroller. The Uno has 

6 analog inputs, labeled A0 through A5, each of which provide 10 bits of resolution (i.e. 1024 

different values). By default they measure from ground to 5 volts, though is it possible to change 

the upper end of their range using the AREF pin and the analog Reference () function. 

In addition, some pins have specialized functions: 

• Serial: pins 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. 

These pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial 

chip. 

• External Interrupts: pins 2 and 3. These pins can be configured to trigger an interrupt on a 

low value, a rising or falling edge, or a change in value. 

• PWM (Pulse Width Modulation) 3, 5, 6, 9, 10, and 11 Can provide 8-bit PWM output with 

the analog Write () function. 

• SPI (Serial Peripheral Interface): 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins 

support SPI communication using the SPI library. 

• TWI (Two Wire Interface): A4 or SDA pin and A5 or SCL pin. Support TWI 

communication using the Wire library. 

• AREF (Analog Reference): Reference voltage for the analog inputs.  

 

Fig 3.1: Arduino UNO pin configuration 
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3.1.3 Communication:  

The Arduino Uno has a number of facilities for communicating with a computer another Arduino 

board or other microcontrollers. The ATmega328 provides UART TTL (5V) serial 

communication, which is available on digital pins 0 (RX) and 1 (TX). An ATmega16U2 on the 

board channels this serial communication over USB and appears as a virtual com port to 

software on the computer. The 16U2 firmware uses the standard USB COM drivers, and no 

external driver is needed. However on Windows file is required. The Arduino Software (IDE) 

includes a serial monitor which allows simple textual data to be sent to and from the board. The 

RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-serial 

chip and USB connection to the computer (but not for serial communication on pins 0 and 1). A 

Software Serial library allows serial communication on any of the Uno's digital pins. 

 

 

 

Fig 3.2: Arduino uno 

 

 

3.1.4 Technical specifications: 

• Microcontroller : Microchip ATmega328P 

• Operating Voltage: 5 Volts 

• Input Voltage: 7 to 20 Volts 

• Digital I/O Pins: 14 (of which 6 can provide PWM output) 

• UART: 1 

• I2C: 1 

• SPPI: 1 

• Analog Input Pins: 61 
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• DC Current per I/O Pin: 20 mA 

• DC Current for 3.3V Pin: 50 mA 

• Flash Memory: 32 KB of which 0.5 KB used by boot loader 

• SRAM : 2 KB 

• EEPROM : 1 KB 

• Clock Speed: 16 MHz 

• Length: 68.6 mm 

• Width: 53.4 mm 

• Weight: 25 g 

3.1.5 Arduino uno to ATmega328 pin mapping: 

 

 

Fig 3.3: ATmega328P Diagram 

The ATmega328 is a single-chip microcontroller created by Atmel in the megaAVR family 

(later Microchip Technology acquired Atmel in 2016). It has a modified Harvard architecture    

8-bit RISC processor core. 

Specifications: 

   The Atmel 8-bit AVR RISC-based microcontroller combines 32 KB ISP flash memory with 

read-while-write capabilities, 1 KB EEPROM, 2 KB SRAM, 23 general purpose I/O lines, 32 

general purpose working registers, three flexible timer/counters with compare modes, internal 

and external interrupts, serial programmable USART, a byte-oriented 2-wire serial interface, SPI 

serial port, 6-channel 10-bit A/D converter (8-channels in TQFP and QFN/MLF packages), 

programmable watchdog timer with internal oscillator, and five software selectable power saving 

modes. The device operates between 1.8-5.5 volts. The device achieves throughput approaching 

1 MIPS per MHz 
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Key Parameters: 

Parameter Value 

CPU type 8-bit AVR 

Performance 20 MIPS at 20 MHz 

Flash memory 32 KB 

SRAM 2 KB 

EEPROM 1 KB 

Pin count 
28 or 32 pin: PDIP-28, MLF-28, TQFP-32, 

MLF-32 

Maximum operating 

frequency 
20 MHz 

Number of touch channels 16 

Hardware Q Touch 

Acquisition 
No 

Maximum I/O pins 23 

External interrupts 2 

Table 3.1:   Key Parameters 
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Programming: 

Reliability qualification shows that the projected data retention failure rate is much less 

than 1 PPM over 20 years at 85 °C or 100 years at 25 °C.  

Parallel program mode 

Programming 

signal 
Pin Name I/O Function 

RDY/BSY PD1 O 
High means the MCU is ready for a new 

command, otherwise busy. 

OE PD2 I Output Enable (Active low) 

WR PD3 I Write Pulse (Active low) 

BS1 PD4 I Byte Select 1 (“0” = Low byte, “1” = High byte) 

XA0 PD5 I XTAL Action bit 0 

XA1 PD6 I XTAL Action bit 1 

PAGEL PD7 I Program memory and EEPROM Data Page Load 

BS2 PC2 I 
Byte Select 2 (“0” = Low byte, “1” = 2nd High 

byte) 

DATA PC[1:0]:PB[5:0] I/O Bi-directional data bus (Output when OE is low) 

 

Table 3.2:  Parallel Program mode 

 

https://en.wikipedia.org/wiki/Parts-per_notation
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Fig 3.4: Pin Diagram of ATmega328P 

 

Programming mode is entered when PAGEL (PD7), XA1 (PD6), XA0 (PD5), BS1 (PD4) is set 

to zero.[2] RESET pin to 0V and VCC to 0V. VCC is set to 4.5 - 5.5V. Wait 60 μs, and RESET is 

set to 11.5 - 12.5 V. Wait more than 310 μs.[2] Set XA1:XA0:BS1:DATA = 100 1000 0000, 

pulse XTAL1 for at least 150 ns, pulse WR to zero. This starts the Chip Erase. Wait until 

RDY/BSY (PD1) goes high. XA1:XA0:BS1:DATA = 100 0001 0000, XTAL1 pulse, pulse WR 

to zero. This is the Flash write command.[2] And so on.. 

Serial Programming 

Symbol Pins I/O Description 

MOSI PB3 I Serial data in 

MISO PB4 O Serial Data out 

SCK PB5 I Serial Clock 

Table 3.3:  Serial Programming 

Serial data to the MCU is clocked on the rising edge and data from the MCU is clocked on the 

falling edge. Power is applied to VCC while RESET and SCK are set to zero. Wait for at least 20 

ms and then the Programming Enable serial instruction 0xAC, 0x53, 0x00, 0x00 is sent to the 

MOSI pin. The second byte (0x53) will be echoed back by the MCU 

https://en.wikipedia.org/wiki/ATmega328#cite_note-m8271ds-2
https://en.wikipedia.org/wiki/ATmega328#cite_note-m8271ds-2
https://en.wikipedia.org/wiki/ATmega328#cite_note-m8271ds-2
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3.2 STEPPER MOTOR: 

 3.2.1 Introduction: 

The invention of dedicated stepper motor driver cards and other digital control technologies for 

interfacing a stepper motor to PC-based systems are the reason for the widespread acceptance of 

stepper motors in recent times. Stepper motors become the ideal choice for automation 

systems that require precise speed control or precise positioning or both. 

As we know that many industrial electric motors are used with closed-loop feedback control for 

achieving precise positioning or precise speed control, on the other hand, a stepper motor able to 

operate on an open-loop controller. This in turn reduces the total system cost and simplifies the 

machine design compared with servo system control. Let us discuss briefly about stepper motor 

and its types. 

It is a brushless electromechanical device which converts the train of electric pulses applied at 

their excitation windings into precisely defined step-by-step mechanical shaft rotation. The shaft 

of the motor rotates through a fixed angle for each discrete pulse. This rotation can be linear or 

angular. It gets one step movement for a single pulse input. 

When a train of pulses is applied, it gets turned through a certain angle. The angle through which 

the stepper motor shaft turns for each pulse is referred as the step angle, which is generally 

expressed in degrees. 

 

Fig 3.5: Stepper motor  

 

The number of input pulses given to the motor decides the step angle and hence the position of 

motor shaft is controlled by controlling the number of pulses. This unique feature makes the 

stepper motor to be well suitable for open-loop control system wherein the precise position of the 

shaft is maintained with exact number of pulses without using a feedback sensor. 

If the step angle is smaller, the greater will be the number of steps per revolutions and higher will 

be the accuracy of the position obtained. The step angles can be as large as 90 degrees and as 

small as 0.72 degrees, however, the commonly used step angles are 1.8 degrees, 2.5 degrees, 7.5 

degrees and 15 degrees. 
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Fig 3.6: Stepper motor rotor  

 

The direction of the shaft rotation depends on the sequence of pulses applied to the stator. The 

speed of the shaft or the average motor speed is directly proportional to the frequency (the rate of 

input pulses) of input pulses being applied at excitation windings. Therefore, if the frequency is 

low, the stepper motor rotates in steps and for high frequency it continuously rotates like a DC 

motor due to inertia. 

Like all electric motors, it has stator and rotor. The rotor is the movable part which has no 

windings, brushes and a commutator. Usually the rotors are either variable reluctance or 

permanent magnet kind. The stator is often constructed with multipole and multiphase windings, 

usually of three or four phase windings wound for a required number of poles decided by desired 

angular displacement per input pulse. 

Unlike other motors it operates on a programmed discrete control pulses that are applied to the 

stator windings via an electronic drive. The rotation occurs due to the magnetic interaction 

between poles of sequentially energized stator winding and poles of the rotor. 

 

Fig 3.7: Construction of stepper motor 
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There are several types of stepper motors are available in today’s market over a wide range of 

sizes, step count, constructions, wiring, gearing, and other electrical characteristics. As these 

motors are capable to operate in discrete nature, these are well suitable to interface with digital 

control devices like computers. 

Due to the precise control of speed, rotation, direction, and angular position, these are of 

particular interest in industrial process control systems, CNC machines, robotics, manufacturing 

automation systems, and instrumentation. 

 3.2.2 Types of Stepper Motors 

There are three basic categories of stepper motor, namely permanent magnet stepper 

motor, variable reluctance stepper motor and hybrid stepper motor. In all these motors excitation 

windings are employed in stator where   to the number of phases. 

A DC voltage is applied as an excitation to the coils of windings each winding terminal is 

connected to the source through a solid state switch. Depends on the type of stepper motor, its 

rotor design is constructed such as soft steel rotor with salient poles, cylindrical permanent 

magnet rotor and permanent magnet with soft steel teeth. Let us discuss these types in detail. 

 

Fig 3.8: Types of stepper motor 

3.2.3 Variable Reluctance Stepper Motor 

It is the basic type of stepper motor that has been in existence for a long time and it ensures 

easiest way to understand principle of operation from a structural point of view. As the name 

suggests, the angular position of the rotor depends on the reluctance of the magnetic circuit 

formed between the stator poles (teeth) and rotor teeth. 
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Fig 3.9: Variable reluctance stepper motor  

3.2. 4 Construction of Variable Reluctance Stepper Motor: 

It consists of a wound stator and a soft iron multi-tooth rotor. The stator has a stack of silicon 

steel laminations on which stator windings are wound. Usually, it is wound for three phases 

which are distributed between the pole pairs. 

The number of poles on stator thus formed is equal to an even multiple of the number of phases 

for which windings are wounded on stator. In the figure below, the stator has 12 equally spaced 

projecting poles where each pole is wound with an exciting coil. These three phases are 

energized from of a DC source with the help of solid state switches. 

The rotor carries no windings and is of salient pole type made entirely of slotted steel 

laminations. The rotor pole’s projected teeth have the same width as that of stator teeth. The 

number of poles on stator differs to that of rotor poles, which provides the ability to self-start and 

bidirectional rotation of the motor. 

The relation of rotor poles in terms of stator poles for a three phase stepper motor is given as, Nr 

= Ns ± (Ns / q). Here Ns = 12, and q= 3, and hence Nr = 12 ± (12 / 3) = 16 or 8. An 8-pole 

construction rotor without any excitation is illustrated below. 

 

Fig 3.10: Construction of Variable Reluctance Stepper motor 
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3.2.5 Working of Variable Reluctance Stepper Motor: 

The stepper motor works on the principle that the rotor aligns in a particular position with the 

teeth of the excitation pole in a magnetic circuit wherein minimum reluctance path exist. 

Whenever power is applied to the motor and by exciting a particular winding, it produces 

its magnetic field and develops its own magnetic poles. 

Due to the residual magnetism in the rotor magnet poles, it will cause the rotor to move in such a 

position so as to achieve minimum reluctance position and hence one set of poles of rotor aligns 

with the energized set of poles of the stator. At this position, the axis of the stator magnetic field 

matches with the axis passing through any two magnetic poles of the rotor. 

When the rotor aligns with stator poles, it has enough magnetic force to hold the shaft from 

moving to the next position, either in clockwise or counter clockwise direction. 

Consider the schematic diagram of a 3-phase, 6 stator poles and 4 rotor teeth is shown in figure 

below. When the phase A-A’ is supplied with a DC supply by closing the switch -1, the winding 

become a magnet which results one tooth become North and other South. So the stator magnetic 

axis lies along these poles. 

Due to the force of attraction, stator coil North Pole attracts nearest rotor tooth of opposite 

polarity, i.e., South  and South Pole attract nearest rotor tooth of opposite polarity, i.e., North. 

The rotor then adjusts to its minimum reluctance position where the rotor magnetic axis exactly 

matches with stator magnetic axis.

 

Fig 3.11: Construction of Reluctance Motor 
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When the phase B-B’ is energized by closing switch -2 keeping phase A-A’ remain de-energized 

by opening switch-1, winding B-B’ will produce the magnetic flux and hence the stator magnetic 

axis shifts along the poles thus formed by it. Hence the rotor shifts to the least reluctance with 

magnetized stator teeth and rotates through an angle of 30 degrees in the clockwise direction. 

When the switch-3 is energized after opening switch-2, the phase C-C’ is energized, the rotor 

teeth align with new position by moving through an additional angle of 30 degrees. By this way, 

the rotor moves clockwise or counterclockwise direction by successively exciting stator 

windings in a particular sequence. The step angle of this 3-phase 4-pole rotor teeth stepper motor 

is expressed as, 360/ (4 × 3) = 30 degrees (as step angle = 360 / Nr × q). 

The step angle can be further reduced by increasing the number of poles on the stator and rotor, 

in such case motors are often wound with additional phase windings. This can also be achieved 

by a adopting different construction of stepper motors such as multitask arrangement and 

reduction gear mechanism. 

3.2.6 Permanent Magnet Stepper Motor 

The permanent magnet design motor is perhaps the most common among several types of 

stepper motors. As the name implies, it adds permanent magnets to the motor construction. This 

type of stepper motors is also referred as can-stack motor or tin-can motor. The main advantage 

of this motor is its low manufacturing cost. This type of motor has 48-24 steps per revolution. 

 

FIG 3.12: Permanent Magnet Stepper Motor 

In this motor, the stator is of multipolar and its construction is similar to that of variable 

reluctance stepper motor as discussed above. It consists of slotted periphery on which stator coils 

are wound. It has projected poles on the slotted structure where the wound windings can be two 

or three or four-phase. 

The end terminals of all these windings are bought out and connected to the DC excitation via 

solid state switches in the drive circuit. 
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Fig 3.13: Construction of pm stepper motor  

 

The rotor is made up of a permanent magnet material like a ferrite that can be in the shape of 

either cylindrical or salient pole, but usually it is of smooth cylindrical type. The rotor designed 

to have an even number of permanent magnetic poles with alternate North and South polarities. 

3.2.7 Working of Permanent Magnet Stepper Motor: 

The operations of this motor works on the principle that unlike poles attract each other and like 

poles repel each other. When the stator windings are excited with a DC supply, it 

produces magneticflux and establishes the North and South poles. Due to the force of attraction 

and repulsion between permanent magnet rotor poles and stator poles, the rotor starts moving up 

to the position for which pulses are given to the stator 

When the phase A is energized with a positive with respect to the A’, the windings establish 

North and South poles. Due to the force of attraction, the rotor poles align with stator poles such 

that the magnetic pole axis of rotor adjusts with that of stator. 

When the excitation is switched to B phase and switching off phase A, the rotor further adjusts to 

magnetic axis of phase B, and thus rotates through 90 degrees in clockwise direction. 

Next, if the phase A is energized with a negative current with respect to A’, the formation of 

stator poles causes the rotor to move through another 90 degrees in clockwise direction. 
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.  

Fig 3.14: Working of Permanent Magnet Stepper Motor 

In the same way, if the phase B is excited with negative current by closing phase A switch, the 

rotor rotates through another 90 degrees in the same direction. Next, if the phase A is excited 

with positive current, the rotor comes to the original position thus making a 360 degrees 

complete revolution. This implies that, whenever the stator is excited, the rotor tends to rotate 

through 90 degrees in clockwise direction. 

The step angle of this 2-phase 2-pole permanent magnet rotor motor is expressed as, 360/ (2 × 2) 

= 90 degrees. The step size can be reduced by energizing two phases simultaneously or a 

sequence of 1-phase ON and 2-phase ON modes with a proper polarity. 

3.2.8 Hybrid Stepper Motor 

It is the most popular type of stepper motor as it provides better performance than permanent 

magnet rotor in terms of step resolution, holding torque and speed. However, these motors are 

more expensive than PM stepper motors. It combines the best features of both variable 

reluctance and permanent magnet stepper motors. These motors are used in applications that 

require very small stepping angle such as 1.5, 1.8 and 2.5 degrees. 
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Fig 3.15: Hybrid Stepper Motor  

3.2.9 Construction of Hybrid Stepper Motor: 

The stator of this motor is same as its permanent magnet or reluctance type counterpart. The 

stator coils are wound on alternate poles. In this, the coils of different phases are wound on each 

pole, usually two coils at a pole which is referred as a bifilar connection. 

The rotor consists of a permanent magnet which is magnetized in axial direction to create a pair 

of magnetic poles (N and S poles).  Each pole is covered with uniformly spaced teeth. The teeth 

are made up of soft steel and two section of which on each pole are misaligned each other by a 

half-tooth pitch. 

3.2.10 Working of Hybrid Stepper Motor: 

 

 

Fig 3.16: Working of Hybrid stepper Motor 
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This motor works similar to that of permanent magnet stepper motor. The figure above shows 2-

phase, 4-pole, 6-tooth rotor hybrid stepper motor. When the phase A-A’ is excited with a DC 

supply, keeping B-B’ unexcited, the rotor aligns such that the south pole of the rotor faces north 

pole of the stator while north pole of rotor faces south pole of the stator. 

Now, if the phase B-B’ is excited, keeping A-A’ switched off in such a way that upper pole 

becomes north and lower becomes south, then the rotor will align to a new position by moving 

through counterclockwise direction. If the phase B-B’ is oppositely excited such that the upper 

pole becomes south and lower becomes north then the rotor will turn clockwise direction. 

By a proper sequence of pulses to the stator, the motor will turn in desired direction. For every 

excitation, rotor will get locked into new position, and even if excitation is removed motor still 

maintains its locked condition due to the permanent magnet excitation. The step angle of this 2-

phase, 4-pole, 6-tooth rotor motor is given as 360/ (2 × 6) = 30 degrees. In practice, hybrid 

motors are constructed with more number of rotor poles in order to get high angular resolution. 

3.2.11 Uni polar and Bipolar Stepper Motors: 

The above discussed motors can be uni polar or bipolar based on the coil winding arrangements. 

A unipolar motor is employed with two windings per phase and hence the direction of current 

flow through these windings changes the rotation of the motor. In this configuration, the current 

flow is through one direction in one coil and opposite direction in another coil. 

The figure below shows 2-phase unipolar stepper motor wherein A and C coils are for one phase 

and B and D are for other phase. In each phase each coil carries current in opposite direction to 

that of other coil. Only one coil will be carrying current at a time in each phase for achieving 

particular direction of rotation. So just by switching the terminals to each coil, the direction of 

rotation is controlled. 

In case of a bipolar stepper motor, each phase consists of a single winding rather than two in case 

of unipolar one. In this, the direction of rotation is controlled by reversing the current through the 

windings. Hence, it requires a complex drive circuit for current reversal. 

3.2.12 Stepping Modes of   Stepper Motor: 

A typical stepping action causes the motor to step through a sequence of equilibrium positions in 

response to current pulses given to it. It is possible to vary the stepping action in different ways 

simply by changing the sequence through which stator windings are energized. The following are 

the most common operating or driving modes of stepper motors. 

1. Wave step 

2. Full step 

3. Half step 

4. Micro stepping 
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Wave Step 

Wave step mode is the simplest of all other modes in which only one winding is energized at any 

given time. Each coil of the phase is connected to the supply alternatively. The table below 

shows the order through which coils are energized in a 4-phase stepper motor.In this mode motor 

gives maximum step angle compared to all other modes. It is the simplest and most commonly 

used mode for stepping; however the torque produced is less as it uses some part of the total 

winding at a given time. 

 

Table 3.4: Wave step coils 

Full Step 

In this drive or mode, two stator phases are energized simultaneously at any given time. When 

two phases are energized together, the rotor will experience the torque from both phases and 

comes to the equilibrium position, which will be interleaved between two adjacent wave step 

positions or 1-phase excitations. So this step provides better holding torque than wave step. The 

table below shows the full step drive for 4-phase stepper motor.  

 

Table 3.5: Full Step Coils  
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Half step 

It is the combination of both wave and full step modes. In this, single phase and dual phase 

excitations are carried out alternatively, i.e., one-phase ON, two-phases ON, and so on. The step 

angle in this mode becomes half of the full step angle. This drive mode has highest torque and 

stability compared to all other modes. The table containing phase pulsing sequence for a 4-phase 

motor in half stepping is given below.

 

Table 3.6: Half Step Coils 

Micro stepping 

In this mode, each motor step is subdivided into several small steps, even hundreds of fixed 

positions, therefore a greater positioning resolution is obtained. In this, currents through the 

windings are continually varied in order to get very small steps. In this, two phases are excited 

simultaneously, but with the unequal currents in each phase. For example, the current through 

phase -1 is held constant while the current through phase-2 is incremented in steps till the 

maximum value of current, whether it is negative or positive. The current in the phase-1 is then 

decreased or increased in steps till zero. Thus, the motor will produce a small step size. 

All these stepping modes can be obtained by each type of stepper motor discussed above. 

However, the direction of current in each winding during these steps can be varied depending on 

the type of motor and either it is unipolar or bipolar. 
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3.3 ROTARY ENCODER: 

 

Fig 3.17: Rotary Encoder 

3.3.1 Introduction: 

A rotary encoder, also called a shaft encoder, is an electro-mechanical device that converts 

the angular position or motion of a shaft or axle to analog or digital output signals. 

There are two main types of rotary encoder: absolute and incremental. The output of an absolute 

encoder indicates the current shaft position, making it an angle transducer. The output of an 

incremental encoder provides information about the motion of the shaft, which typically is 

processed elsewhere into information such as position, speed and distance. 

Rotary encoders are used in a wide range of applications that require monitoring or control, or 

both, of mechanical systems, including industrial controls, robotics, photographic 

lenses, computer input devices such as optomechanical mice and trackballs, controlled 

stress rheometers, and rotating radar platforms. 

3.3.2 Encoder Technologies: 

• Mechanical: Also known as conductive encoders. A series of circumferential copper tracks 

etched onto a PCB is used to encode the information via contact brushes sensing the 

conductive areas. Mechanical encoders are economical but susceptible to mechanical wear. 

They are common in human interfaces such as digital multimeters. 

• Optical: This uses a light shining onto a photodiode through slits in a metal or glass disc. 

Reflective versions also exist. This is one of the most common technologies. Optical 

encoders are very sensitive to dust. 

• On-Axis Magnetic: This technology typically uses a specially magnetized 2 pole 

neodymium magnet attached to the motor shaft. Because it can be fixed to the end of the 

shaft, it can work with motors that only have 1 shaft extending out of the motor body. The 

accuracy can vary from a few degrees to under 1 degree. Resolutions can be as low as 1 

degree or as high as 0.09 degree (4000 CPR, Count per Revolution). Poorly designed internal 

interpolation can cause output jitter, but this can be overcome with internal sample 

averaging. 
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• Off-Axis Magnetic: This technology typically employs the use of rubber bonded ferrite 

magnets attached to a metal hub. This offers flexibility in design and low cost for custom 

applications. Due to the flexibility in many off axis encoder chips they can be programmed 

to accept any number of pole widths so the chip can be placed in any position required for 

the application. Magnetic encoders operate in harsh environments where optical encoders 

would fail to work. 

3.3.3 Basic types: 

1. Absolute 

         An absolute encoder maintains position information when power is removed from the 

encoder. The position of the encoder is available immediately on applying power. The 

relationship between the encoder value and the physical position of the controlled machinery is 

set at assembly; the system does not need to return to a calibration point to maintain position 

accuracy. 

An absolute encoder has multiple code rings with various binary weightings which provide 

a data word representing the absolute position of the encoder within one revolution. This type of 

encoder is often referred to as a parallel absolute encoder. A multi-turn absolute rotary encoder 

includes additional code wheels and gears. A high-resolution wheel measures the fractional 

rotation, and lower-resolution geared code wheels record the number of whole revolutions of the 

shaft. 

2. Incremental 

        An incremental encoder will immediately report c1hanges in position, which is an essential 

capability in some applications. However, it does not report or keep track of absolute position. 

As a result, the mechanical system monitored by an incremental encoder may have to 

be homed (moved to a fixed reference point) to initialize absolute position measurements. 

3.3.4 Absolute rotary encoder: 

 

 

Fig 3.18: Absolute rotary Encoder 
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Construction 

Digital absolute encoders produce a unique digital code for each distinct angle of the shaft. They 

come in two basic types: optical and mechanical. 

Mechanical absolute encoders 

 

 

Fig 3.19: Mechanical absolute encoder 

A metal disc containing a set of concentric rings of openings is fixed to an insulating disc, which 

is rigidly fixed to the shaft. A row of sliding contacts is fixed to a stationary object so that each 

contact wipes against the metal disc at a different distance from the shaft. As the disc rotates with 

the shaft, some of the contacts touch metal, while others fall in the gaps where the metal has been 

cut out. The metal sheet is connected to a source of electric current, and each contact is 

connected to a separate electrical sensor. The metal pattern is designed so that each possible 

position of the axle creates a unique binary code in which some of the contacts are connected to 

the current source (i.e. switched on) and others are not (i.e. switched off). 

Because brush-type contacts are susceptible to wear, encoders using contacts are not common; 

they can be found in low-speed applications such as manual volume or tuning controls in a radio 

receiver. 

Optical absolute encoders 

 

 

Fig 3.20: Optical absolute encoder 
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The optical encoder's disc is made of glass or plastic with transparent and opaque areas. A light 

source and photo detector array reads the optical pattern that results from the disc's position at 

any one time. The Gray code is often used. This code can be read by a controlling device, such as 

a microprocessor or microcontroller to determine the angle of the shaft. 

The absolute analog type produces a unique dual analog code that can be translated into an 

absolute angle of the shaft. 

Magnetic absolute encoders 

 

 

Fig 3.21: Magnetic absolute encoder 

The magnetic encoder uses a series of magnetic poles (2 or more) to represent the encoder 

position to a magnetic sensor (typically magneto-resistive or Hall Effect). The magnetic sensor 

reads the magnetic pole positions. 

This code can be read by a controlling device, such as a microprocessor or microcontroller to 

determine the angle of the shaft, similar to an optical encoder. 

The absolute analog type produces a unique dual analog code that can be translated into an 

absolute angle of the shaft. 

Due to the nature of recording magnetic effects, these encoders may be optimal to use in 

conditions where other types of encoders may fail due to dust or debris accumulation. Magnetic 

encoders are also relatively insensitive to vibrations, minor misalignment, or shocks. 

Brushless motor commutation 

Built-in rotary encoders are used to indicate the angle of the motor shaft in permanent 

magnet brushless motors, which are commonly used on CNC machines, robots, and other 

industrial equipment. In such cases, the encoder serves as a feedback device that plays a vital 

role in proper equipment operation. Brushless motors require electronic commutation, which 

often is implemented in part by using rotor magnets as a low-resolution absolute encoder 

(typically six or twelve pulses per revolution). The resulting shaft angle information is conveyed 

to the servo drive to enable it to energize the proper stator winding at any moment in time. 
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Capacitive absolute encoders 

An asymmetrical shaped disc is rotated within the encoder. This disc will change 

the capacitance between two electrodes which can be measured and calculated back to an angular 

value. 

Absolute multi-turn encoder 

A multi-turn encoder can detect and store more than one revolution. The term absolute multi-turn 

encoder is generally used if the encoder will detect movements of its shaft even if the encoder is 

not provided with external power. 

Battery-powered multi-turn encoder 

This type of encoder uses a battery for retaining the counts across power cycles. It uses energy 

conserving electrical design to detect the movements. 

Geared multi-turn encoder 

These encoders use a train of gears to mechanically store the number of revolutions. The position 

of the single gears is detected with one of the above-mentioned technologies. 

Self-powered multi-turn encoder 

These encoders use the principle of energy harvesting to generate energy from the moving shaft. 

This principle, introduced in 2007, uses a Wiegand Sensor to produce electricity sufficient to 

power the encoder and write the turns count to non-volatile memory. 

3.3.5 Ways of encoding shaft position: 

Standard binary encoding 

Rotary encoder for angle-measuring devices marked in 3-bit binary. The inner ring corresponds 

to Contact 1 in the table. Black sectors are "on". Zero degrees is on the right-hand side, with 

angle increasing counterclockwise. 

An example of a binary code, in an extremely simplified encoder with only three contacts, is 

shown below. 

Standard Binary Encoding 

Sector Contact 1 Contact 2 Contact 3 Angle 

0 Off Off Off 0° to 45° 

1 Off Off ON 45° to 90° 
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2 Off ON Off 90° to 135° 

3 Off ON ON 135° to 180° 

4 ON Off Off 180° to 225° 

5 ON Off ON 225° to 270° 

6 ON ON Off 270° to 315° 

7 ON ON ON 315° to 360° 

Table 3.7: Standard Binary encoding 

In general, where there are n contacts, the number of distinct positions of the shaft is 2n. In this 

example, n is 3, so there are 2³ or 8 positions. 

In the above example, the contacts produce a standard binary count as the disc rotates. However, 

this has the drawback that if the disc stops between two adjacent sectors, or the contacts are not 

perfectly aligned, it can be impossible to determine the angle of the shaft. To illustrate this 

problem, consider what happens when the shaft angle changes from 179.9° to 180.1° (from 

sector 3 to sector 4). At some instant, according to the above table, the contact pattern changes 

from off-on-on to on-off-off. However, this is not what happens in reality. In a practical device, 

the contacts are never perfectly aligned, so each switches at a different moment. If contact 1 

switches first, followed by contact 3 and then contact 2, for example, the actual sequence of 

codes is: 

off-on-on (starting position) 

on-on-on (first, contact 1 switches on) 

on-on-off (next, contact 3 switches off) 

on-off-off (finally, contact 2 switches off) 

   Now look at the sectors corresponding to these codes in the table. In order, they are 3, 7, 6 and 

then 4. So, from the sequence of codes produced, the shaft appears to have jumped from sector 3 

to sector 7, then gone backwards to sector 6, then backwards again to sector 4, which is where 

we expected to find it. In many situations, this behaviour is undesirable and could cause the 

system to fail. For example, if the encoder were used in a robot arm, the controller would think 

that the arm was in the wrong position, and try to correct the error by turning it through 180°, 

perhaps causing damage to the arm. 
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Gray encoding: 

Rotary encoder for angle-measuring devices marked in 3-bit binary-reflected Gray code 

(BRGC). The inner ring corresponds to Contact 1 in the table. Black sectors are "on". Zero 

degrees is on the right-hand side, with angle increasing counter-clockwise. 

 To avoid the above problem, Gray coding is used. This is a system of binary counting in which 

any two adjacent codes differ by only one bit position. For the three-contact example given 

above, the Gray-coded version would be as follows. 

Gray Coding 

Sector Contact 1 Contact 2 Contact 3 Angle 

0 Off Off Off 0° to 45° 

1 Off Off ON 45° to 90° 

2 Off ON ON 90° to 135° 

3 Off ON Off 135° to 180° 

4 ON ON Off 180° to 225° 

5 ON ON ON 225° to 270° 

6 ON Off ON 270° to 315° 

7 ON Off Off 315° to 360° 

 

Table 3.8: Gray Coding 
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In this example, the transition from sector 3 to sector 4, like all other transitions, involves only 

one of the contacts changing its state from on to off or vice versa. This means that the sequence 

of incorrect codes shown in the previous illustration cannot happen. 

Single-track Gray encoding 

If the designer moves a contact to a different angular position (but at the same distance from the 

center shaft), then the corresponding "ring pattern" needs to be rotated the same angle to give the 

same output. If the most significant bit (the inner ring in Figure 1) is rotated enough, it exactly 

matches the next ring out. Since both rings are then identical, the inner ring can be omitted, and 

the sensor for that ring moved to the remaining, identical ring (but offset at that angle from the 

other sensor on that ring). Those two sensors on a single ring make a quadrature encoder with a 

single ring. 

It is possible to arrange several sensors around a single track (ring) so that consecutive positions 

differ at only a single sensor; the result is the single-track Gray code encoder. 

3.3.6 Incremental rotary encoder: 

 

 

Fig 3.22: Incremental rotary encoder 

   The rotary incremental encoder is the most widely used of all rotary encoders due to its ability 

to provide real-time position information. The measurement resolution of an incremental encoder 

is not limited in any way by its two internal, incremental movement sensors; one can find in the 

market incremental encoders with up to 10,000 counts per revolution, or more. 

Rotary incremental encoders report position changes without being prompted to do so, and they 

convey this information at data rates which are orders of magnitude faster than those of most 

types of absolute shaft encoders. Because of this, incremental encoders are commonly used in 

applications that require precise measurement of position and velocity. 

A rotary incremental encoder may use mechanical, optical or magnetic sensors to detect 

rotational position changes. The mechanical type is commonly employed as a manually operated 

"digital potentiometer" control on electronic equipment. For example, modern home and car 

stereos typically use mechanical rotary encoders as volume controls. Encoders with mechanical 
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sensors require switch debouncing and consequently are limited in the rotational speeds they can 

handle. The optical type is used when higher speeds are encountered or a higher degree of 

precision is required. 

A rotary incremental encoder has two output signals, A and B, which issue square waves in 

quadrature when the encoder shaft rotates. The square wave frequency indicates the speed of 

shaft rotation, whereas the A-B phase relationship indicates the direction of rotation. 

Some rotary incremental encoders have an additional "index" output (typically labeled Z), which 

emits a pulse when the shaft passes through a particular angle. Once every rotation, the Z signal 

is asserted, typically always at the same angle, until the next AB state change. This is commonly 

used in radar systems and other applications that require a registration signal when the encoder 

shaft is located at a particular reference angle. 

Unlike absolute encoders, an incremental encoder does not keep track of, nor do its outputs 

indicate the absolute position of the mechanical system to which it is attached. Consequently, to 

determine the absolute position at any particular moment, it is necessary to "track" the absolute 

position with an incremental encoder interface. 

Inexpensive incremental encoders are used in mechanical computer mice. Typically, two 

encoders are used: one to sense left-right motion and another to sense forward-backward motion. 

Other pulse-output rotary encoders 

Rotary encoders with a single output (i.e. tachometer) cannot be used to sense direction of 

motion but are suitable for measuring speed and for measuring position when the direction of 

travel is constant. In certain applications they may be used to measure distance of motion (e.g. 

feet of movement). 

 

 

 

Fig 3.23:  Output pulse of Rotary encoder  
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3.4 EASY DRIVER: 

 
Fig 3.24: Easy Driver 

3.4.1 Introduction of A3967: 

A3967slb US allegro produced by pwm constant current control micro-step drive two-phase 

stepper motor dedicated driver. Its working voltage up to 30v, the drive current of 750ma, a 

a3967slb to drive a two-phase stepper motor can achieve 8 segments driven. 

Pwm chip inside the current control circuit can be added to the pfd voltage is set to slow, fast, 

mixing three current decay mode, if the voltage is higher than pfd end 0.6vdd, select the slow 

decay mode. If less than 0.21vdd, select fast decay mode. Between the two in mixed decay 

modes. In addition, a3967slb can provide comprehensive protection measures, including 

transient voltage suppression, thermal protection, to prevent pass-through current, under voltage 

lock function. 

No additional a3967slb between the microprocessor and other interface circuits, the chip 

using easy stepper interface, decreased control lines from 8 to 2 (step and direction), simply by 

entering the stepper motor control pulse, its embedded converter can be achieved on stepper 

motor control. A3967slb also need some resistors, capacitors to adjust its operating parameters, 

the entire drive circuit is very simple. 

 

       The Easy-Driver Stepper Motor Driver is a simple to use stepper motor driver, 

compatible with anything that can output a digital 0 to 5V pulse (or 0 to 3.3V pulse if you 

solder SJ2 closed on the EasyDriver). EasyDriver requires a 7V to 30V supply to power the 

motor and can power any voltage of stepper motor. The EasyDriver has an on board voltage 

regulator for the digital interface that can be set to 5V or 3.3V. Connect a 4-wire stepper motor 

and a MCU and you’ve got precision motor control! 

EasyDriver drives bi-polar motors, and motors wired as bi-polar. I.e. 4,6, or 8 wire stepper 

motors. 

This is the newest version of EasyDriver V4. It provides much more flexibility and control over 

your stepper motor, when compared to older versions. The microstep select (MS1 and MS2) 

pins of the A3967 are broken out allowing adjustments to the microstepping resolution. The 

sleep and enable pins are also broken out for further control. 
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Caution: 

• Do not connect or disconnect a motor while the driver is energized. This will cause 

permanent damage to the A3967 IC. 

• Better use high power supply when drive high power motors, voltage should be NOT 

over 30V 

 

      Stepper motors usually have a defined number of steps or step angle parameters, general 

motor revolution is divided into 200 steps, that is, step angle of 1.8 degrees, EasyDriver having 

a step away from the breakdown of features, this drive plate segments 8 segments, that is, every 

step of the motor is subdivided into 8 small step, this can be able to get more precise control, 

that EasyDriver 1600 steps needed to complete a full 360 degree rotation. 

 

 

3.4.2 Pin description: 

 

 

 

Fig 3.25: Pin description of easy driver  

• ms1 and ms2 is a stepper motor subdivision resolution selection logic input; 

• dir is the choice of opening direction of the motor; 

• reset chip for resetting the initial value, block all external output; 

• step is the pulse input port; 

• out1a, out1b, out2a, out2b to h bridge two output ports; 
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• enable to enable terminal; 

• sleep the sleep mode; 

• sense1, sense2 are the h bridge current sensing resistor; 

• ref is a reference voltage; 

• gnd is the logic ground and power ground; 

• rc1, rc2 are the h bridge fixed deadline for the analog input. 

3.4.3 Features of the Easy Drive Stepper Motor Driver: 

• A3967 microstepping driver 

• MS1 and MS2 pins broken out to change microstepping resolution to full, half, quarter 

and eighth steps (defaults to eighth) 

• Compatible with 4, 6, and 8 wire stepper motors of any voltage 

• Adjustable current control from 150mA/phase to 750mA/phase 

• Power supply range from 7V to 30V. The higher the voltage, the higher the torque at high 

speeds. 
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3.5 USB CABLE: 

 
Fig 3.26: USB Cable 

3.5.1 Introduction: 

     The Universal Serial Bus (USB) is technology that allows a person to connect an electronic 

device to a computer. It is a fast serial bus. 

It is mostly used on personal computers. USB is also used on other devices, such 

as smartphones and video game consoles. USB connects different devices using a standard 

interface. 

Most people use USB for computer mice, keyboards, scanners, printers, digital cameras, 

and USB flash drives. There are over six billion USB devices around the world. 

The standard was made to improve plug and play devices. This means that a device can be 

plugged into a free socket, and simply work. The computer will notice the device. The computer 

sometimes installs special software to use the device. The device can be removed after it stops 

being used. This technology is called "hot swapping". "Hot swapping" means it can be plugged 

and unplugged while the power is on. The computer does not need to be turned off for people to 

change the devices. 

USB can provide a small amount of power to the attached device through the USB cord. Devices 

that only need a little power can get it from the bus, and do not need a separate electric power 

plug. That allows gadgets like USB battery chargers, lights, and fans. 

As of 2015, USB has mostly replaced several older standards. Those include the parallel 

port, serial port and SCSI. These old standards are still used for a few jobs where USB cannot 

replace them. 

3.5.2 History: 

   The first version of the Universal Serial Bus was created in 1995. This new technology became 

an instant success. Since the introduction of USB, people that make electronic devices thought 

about how it could be used in the future. Today, USB connects a computer or other devices like 

laptops and MP3 players to peripheral devices. 
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The bus was introduced by seven companies which represent the leaders in the industry of 

information technology: Compaq, IBM, Intel, Microsoft, NEC, Northern Telecom, and Digital 

Equipment Corporation (DEC). 

Several years earlier, adopters and developers of USB held a meeting called Plugfest at a special 

hotel in California to test their devices. They selected a hotel that included rooms for sleeping 

and for testing. The meeting lasted three days. During the meeting, the representatives of about 

50 companies connected their USB devices to one general host system. 

The logo of the USB device also has its own history. The USB logo was in development for 

several months. 

• 1994 - Seven companies united to begin the development of USB. 

• 1995 - 340 companies formed the USB Implementation Forum. 

• 1996 - More than five hundred USB products were already developing around the world. 

• 1997 - USB Implementation Forum became richer with 60 more companies. 

• 1998 - USB becomes the most popular technology on the market of electronics. 

• 2000 - The introduction of USB 2.0. Today it represents the most widely used USB device. 

• 2005 - USB becomes wireless. 

• 2008 - USB 3.0 is introduced. It is over 10 times faster than USB 2.0. 

• 2013 - USB 3.1 is introduced. It is about twice as fast as USB 3.0. 

• 2015 - USB Type-C is introduced. It is a reversible connector, which means that you can 

plug it in both ways. 

3.5.3 Different Standards: 

Currently, five different USB standards are used: USB 1.0, USB 1.1, USB 2.0, USB 3.0 and 

USB 3.1. USB 3.1 was released in 2016 and doubled the speed of 3.0. It optionally uses a 

different connector called USB Type-C, which is reversible (meaning you can plug it in both 

ways).[1] USB 1.0 is now rarely used. 

USB offers five different transfer speeds: 1.5 M Bit per second (called low speed), 12 M Bit per 

second (Full Speed), 480 M Bit/second (Hi Speed), 5Gbit per second (called super speed), and 

10 G bit/s (“super speed+“). Hi speed is only available in USB 2.0 and later, and Super speed is 

only available in USB 3.0. These speeds are raw bit rates (in Million bits per second). The actual 

data rate is usually lower due to protocol overhead. 

In order to use the  hi speed transfer rate, the USB controller and the connected device both need 

to support it. USB is backwards compatible. Faster and slower USB devices and controllers can 

be connected together, but they will run at the slower speed. 

USB was designed to be easy to use. The engineers learned from other connectors before they 

designed USB connectors. There are 3 connectors. 

• Type A, commonly used at computer end of cable 

o Micro-A (rare) 

• Type B, at peripheral end, rare except for printers 

o Micro-B, at peripheral end, for most smartphones 

• Type C, at either end. As of 2017, many new computers, phones and peripherals use it. 

https://simple.wikipedia.org/wiki/USB#cite_note-1
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Usability 

• It's not possible to plug in a USB A or B connector the wrong way. They cannot go in upside 

down, and it is obvious from the look and kinesthetic feeling, when it goes in properly. 

Sometimes, however, a user doesn't understand or see how the connector goes, so it might be 

necessary to try both ways. 

• Type C USB connectors can be plugged in both ways. It does not matter which way the 

connector is plugged in. 

• There is no need to push or pull very hard to plug or unplug it. This was in the specification. 

USB cables and small USB devices are held in place by the gripping force from the 

receptacle. USB does not need screws, clips, or other fasteners. The force needed to make or 

break a connection is small. This allows connections to be made in awkward positions or by 

those with motor disabilities. 

• Before the advent of Type C, the connectors enforced the directed topology of a USB 

network. USB does not support cyclical networks, so the connectors from incompatible USB 

devices are themselves incompatible. Unlike other communications systems (e.g. RJ-45 

cabling) gender-changers were almost never used before the advent of USB-On-The-Go 

(OTG), making it difficult to create a cyclic USB network. 

 

Durability 

• The connectors are designed to be tough. Early connector designs were fragile, with pins or 

other delicate components which could easily bend or break, even if treated gently. The 

electrical contacts in a USB connector are protected by a plastic tongue. The entire 

connecting assembly is usually further protected by an enclosing metal sheath. As a result, 

USB connectors can safely be handled, inserted, and removed, even by a small child. 

• The connector construction always ensures that the external sheath on the plug contacts with 

its counterpart in the receptacle before the four connectors within are connected. This sheath 

is typically connected to the system ground, allowing otherwise damaging static charges to 

be safely discharged by this route (rather than via delicate electronic components). This 

means of enclosure also means that there is a (moderate) degree of protection from 

electromagnetic interference afforded to the USB signal while it travels through the mated 

connector pair (this is the only location when the otherwise twisted data pair must travel a 

distance in parallel). 

•  As well, the power and common connections are made after the system ground but before 

the data connections. This type of staged make-break timing allows for safe hot-swapping 

and has been used for connectors in the aerospace industry. 

• The newer USB micro receptacles are designed to allow up to 10,000 cycles of insertion and 

exertion between the receptacle and plug, compared to 500 for the standard USB and Mini-

USB receptacle. This is done by adding a locking device and by moving the leaf-spring 

connector from the jack to the plug, so that the most-stressed part is on the cable side of the 

connection. This change was made so that the connector on the (relatively inexpensive) cable 

would bear the most wear instead of the micro-USB device. 

https://simple.wikipedia.org/wiki/Topology
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Compatibility 

• The USB standard specifies relatively big tolerances for compliant USB connectors. This is 

done to minimize incompatibilities in connectors produced by different vendors (a goal that 

has been very successfully achieved). Unlike most other connector standards, the USB 

specification also defines limits to the size of a connecting device in the area around its plug. 

This was done to prevent a device from blocking adjacent ports due to its size. Compliant 

devices must either fit within the size restrictions or support a compliant extension cable 

which does. 

• Two-way communication is also possible. Usually cables have only plugs, and hosts and 

devices have only receptacles: hosts having type-A receptacles and devices type-B. Type-A 

plugs only join with type-A receptacles, and type-B with type-B. However, an extension to 

USB called USB On-The-Go allows a single port to act as either a host or a device - chosen 

by which end of the cable plugs into the socket on the unit. Even after the cable is hooked up 

and the units are talking, the two units may "swap" ends under program control. This facility 

targets units such as PDAs where the USB link might connect to a PC's host port as a device 

in one instance, yet connect as a host itself to a keyboard and mouse device in another 

instance. 
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CHAPTER 4 

OPERATION OF ARDUINO CONTROLLED STEPPER 

MOTOR USING ROTARY ENCODER AND EASY DRIVER 

 

4.1 OPERATION: 

 

 

 
 

Fig 4.1: Operation of Arduino controlled stepper motor using rotary encoder and easy 

driver  

The input to the stepper motor is 5V DC was given by using Arduino via easy driver. The 

purpose of easy driver is to drive the stepper motor. When you rotate the rotary encoder in clock 

wise direction, the stepper motor rotates in that direction and vice-versa. The number of rotations 

is based upon your requirement. The number of rotations is fixed in a Arduino UNO program. 

The below code description shows the requirements of our project. 
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4.1 CODING: 

#include <LiquidCrystal.h> // includes the LiquidCrystal Library  

 LiquidCrystal lcd(1, 2, 4, 5, 6, 7); // Creates an LC object. Parameters: (rs, enable, d4, 

d5, d6, d7)  

// defines pins numbers 

 #define stepPin 8  

 #define dirPin  9 

 #define outputA 10 

 #define outputB 11 

 int counter = 0; 

 int angle = 0;  

 int aState; 

 int aLastState;   

  

void setup() { 

  // Sets the two pins as Outputs 

  pinMode(stepPin,OUTPUT);  

  pinMode(dirPin,OUTPUT); 

  pinMode (outputA,INPUT); 

  pinMode (outputB,INPUT); 

   

  aLastState = digitalRead(outputA); 

  lcd.begin(16,2); // Initializes the interface to the LCD screen, and specifies the 

dimensions (width and height) of the display }  

} 

void loop() { 

  aState = digitalRead(outputA); 

   

  if (aState != aLastState){      

     if (digitalRead(outputB) != aState) {  

       counter ++; 

       angle ++; 

       rotateCW();   

     } 

     else { 

       counter--; 

       angle --; 

       rotateCCW();  
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     } 

     if (counter >=30 ) { 

      counter =0; 

     } 

      

     lcd.clear(); 

     lcd.print("Position: "); 

     lcd.print(int(angle*(-1.8))); 

     lcd.print("deg");  

     lcd.setCursor(0,0); 

      

   } 

  aLastState = aState; 

} 

void rotateCW() { 

  digitalWrite(dirPin,LOW); 

    digitalWrite(stepPin,HIGH); 

    delayMicroseconds(2000); 

    digitalWrite(stepPin,LOW); 

    delayMicroseconds(2000);  

} 

void rotateCCW() { 

  digitalWrite(dirPin,HIGH); 

    digitalWrite(stepPin,HIGH); 

    delayMicroseconds(2000); 

    digitalWrite(stepPin,LOW); 

    delayMicroseconds(2000);    

} 

Based on above code the stepper motor is going to be rotated. In a overview when we rotate the 

rotary encoder then Arduino detects the pulse which is given as input based on above program. 

The output is given to easy driver which amplifies the Arduino output then given to stepper 

motor, after that the motor was rotated according to our input.    
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CHAPTER 5 

ADVANTAGES AND DISADVANTAGES 

 

5.1 ADVANTAGES: 

1. Will work in any environment 

2. Simplicity of construction 

3. Can operate in an open loop control system 

4. Low maintenance 

5. Less likely to stall or slip 

6. Can be used in robotics in a wide scale. 

7. High reliability 

8. The rotation angle of the motor is proportional to the input pulse. 

9. Precise positioning and repeatability of movement since good stepper motors have an 

accuracy of 3–5% of a step and this error is non-cumulative from one step to the next. 

10. Excellent response to starting/stopping/reversing. 

11. Very reliable since there are no contact brushes in the motor. Therefore, the life of the 

motor is simply dependent on the life of the bearing. 

12. The motors response to digital input pulses provides open-loop control, making the motor 

simpler and less costly to control. 

 5.2 DISADVANTAGES: 

1. Low efficiency. Motor draws substantial power regardless of load. 

2. Torque drops rapidly with speed (torque is the inverse of speed). 

3. Low accuracy. 1:200 at full load, 1:2000 at light loads. 

4. Prone to resonances. Requires microstepping to move smoothly. 

5. No feedback to indicate missed steps. 

6. Low torque to inertia ratio. Cannot accelerate loads very rapidly. 

7. Motor gets very hot in high performance configurations. 

8. Motor will not "pick up" after momentary overload. 

9. Motor is audibly very noisy at moderate to high speeds. 

10. Low output power for size and weight. 
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CHAPTER 6 

APPLICATIONS 
 

 

• Floppy disk drives 

• Dot matrix printers 

• Plotters 

• Slot machines 

• Image scanners 

• Compact disc drives 

• Intelligent lighting 

• Camera lenses 

• CNC machines and more recently in 3D printers. 
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CHAPTER 7 

CONCLUSION 
 

 

Controlling speed of stepper motor with Arduino UNO, Rotary Encoder and Easy Driver can be 

studied throughout this project. These are very popular in our day to day life due to lot of 

advantages and also in digital control circuits, such as robotics because they are ideally suited for 

receiving digital pulses for step control. This project helps to reduce the human efforts and 

damage of the equipment.   
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PROJECT PROFORMA 

 

Classification  of Project 

 

Application Product Research Review 

 ✓    

Note: Tick Appropriate category.  

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 

1 

2 1 1 1 2 1 1 1 1 1 2 1 1 2 

Outcome 

2 

2 2 2 1 1 1 1 1 3 2 2 1 2 2 

Outcome 

3 

3 2 1 1 1 1 1 1 2 2 1 1 2 2 

Outcome 

4 

2 1 1 1 1 1 1 1 2 2 1 1 2 2 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based on level 

of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 

Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization for the solution of complex engineering            

problems. 
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2. Problem analysis: Identify, formulate, research literature, and analyze complex engineering 

problems reaching substantiated conclusions using first principles of mathematics, natural 

sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 

consideration for public health and safety, and cultural, societal, and environmental 

considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and research 

methods including design of experiments, analysis and interpretation of data, and synthesis of t h 

e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and Modern 

engineering and IT tools, including prediction and modeling to complex engineering activities, 

with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 

societal, health, safety, legal, and cultural issues and the consequent responsibilities relevant to 

the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 

for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or leader 

in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with the society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give and 

receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member and 

leader in a team, to manage projects and in multi disciplinary environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to engage 

in independent and life-long learning in the broadest context of technological change. 
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Programme Specific Outcomes (PSO): 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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ABSTRACT 

The project is designed to control AC power to a load by using firing angle control of th yristor. 

Efficiency of such power control is very high compared to any other method. The project is 

designed to control AC power to a load by using firing angle control of thyristor. Efficiency of 

such power control is very high compared to any other method. The project uses zero crossing 

point of the waveform which is detected by a comparator whose output is then fed to the 

microcontroller. The microcontroller provides required delayed triggering control to a pair of 

SCRs through opto isolator interface. Finally, the power is applied to the load through the SCRs 

in series. This project uses a microcontroller from 8051 family which is interfaced through a push 

button switch for increasing or decreasing the AC power to the load. A lamp is used in place of an 

induction motor whose varying intensity demonstrates the varying power to the motor. The varying 

power results in variation in speed of the motor. The project can be further enhanced by using 

direct 230-volt supply instead of 12-volt AC to the bridge rectifier for achieving higher voltage 

control for charging several batteries in series. The project is designed to control AC power to a 

load by using firing angle control of thyristor. The project uses zero crossing point of the waveform 

which is detected by a comparator whose output is then fed to the microcontroller. 

 

 

 

 
 
 
 

 
                                                                       
 



 

INTRODUCTION 

Like induction motor (IM)variable speed drives, soft starters are also essential components in every 

modern IM drives and automation systems. In almost every application the squirrel cage induction 

motor is used. Whenever a squirrel cage induction motor is started, the electrical system experiences 

a current surge and the mechanical system experiences a torque surge. With line voltage applied to 

the motor, the current can be anywhere between four to ten times the motor fullad current. The 

magnitude of the torque (or turning force) that the driven equipment will be in excess of 200% of the 

motor full-load torque. These current and torque surges can be reduced substantially by reducing the 

voltage supplied to the motor during starting. AC voltage-controller-based soft starters offer many 

advantages over conventional starters such as the following. Smooth acceleration, which reduces 

stress on the mechanical drive system due to high starting torque hence increases  the life and 

reliability of belts and gear boxes chain drives motor bearings and shafts. Smooth acceleration 

reduces also stress on the electrical supply due to high starting currents meeting utility requirements 

for reducing voltage starting and eliminating voltage dip and brown out condition.it reduces also the 

shock of the driven load due to high starting torque that can cause a jolt and conveyor the damages 

products or pump cavitation’s and water hammer in pipes. A fully adjustable acceleration and 

starting torque for optimal starting performance, provide enough torque to accelerate the load. While 

minimizing both mechanical and electrical shocks to the system. Energy saving at highly loaded 

conditions. Energy savings by voltage controlled is achieved by reducing the applied voltage if the 

load torque requirement can be met with less than rated flux. This way, core loss and stator copper 

losses are reduced. The soft stator uses to antiparallel connected switches in each space. 

 

                                                          Figure 1: Block diagram 
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The Triac are used as the switches in this work because of their higher power rating and 

high efficiency. The Fig. 1 shows the block diagram of the entire system. The motor is connected to 

the soft starter at the starting and once the motor gets its rated speed then the soft starter is 

disconnected, and the motor drive system takes control over the motor. By using a soft starter, the 

controlled voltage is applied at the motor input, so the motor is protected and life of the motor 

increases. The motor drive system consists of a rectifier, inverter, controller and the filter units. In 

the inverter the IGBT are used as the switches. To operate these switches the gate pulses should be 

given. The control circuit gives the required gate pulses for the inverter switches, the dsPIC30F2010 

is used as the controller. The motor drive system uses a V/f control method. The Fig.3 shows the 

block diagram of a soft starter circuit. In the soft starter again the Triac are used as the switches. It 

consists of zero crossing sensing, control circuit and soft starter (anti-parallel Triac). The zero 

crossing is used to know where exactly the input voltage is crossing the zero point, depending upon 

the zero crossing of the input voltage the particular switch of the starter circuit is turned on. By 

controlling the gate pulses of the switch, we are giving the controlled voltage at the motor input 

terminals. 

  
                                 Figure2: Single Line Diagram For A Soft Starter               
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 CHAPTER-1 

DEVELOPMENT OF CONSTANT VOLTS/HERTZ MOTOR DRIVE 

The constant Volts Hertz control method is the most popular method of Scalar control, 

controlling the magnitude of the variable like frequency, voltage or current. The magnitude of stator 

flux is proportional to the ratio of stator voltage and the frequency. If ratio is kept constant the stator 

flux remains constant and motor torque will only depend upon slip frequency. Open-loop speed 

control of an induction motor provides a satisfactory variable speed drive when the transient 

performance characteristics are undemanding and when the motor operates at steady speeds for long 

periods. The demerit of this system is that it cannot be used in the presence of supply voltage 

fluctuations and loads disturbances. Also, when the drive requirements include rapid acceleration and 

deceleration, an open-loop system is unsatisfactory because the supply frequency cannot be varied 

quickly without exceeding the rotor breakdown frequency. However, when fast dynamic response 

and greater speed accuracy are needed, closed-loop control methods are essential, but a precise 

feedback system must be used to sense the rotor speed and adjust the inverter frequency accordingly. 

For adjustable speed applications, variable voltage and variable frequency is prevalent. The simple 

principle is to keep stator flux(Ψs=Vs/ωe) constant by changing voltage with proportional to 

frequency. with single phase AC supply, capacitor filter, and PWM voltage-fed inverter. The 

frequency command ωe is the control signal, neglecting the small slip frequency ωsl of the machine. 

Based on Volts Hz control theory which has been mentioned in the above section, the phase voltage 

command Vs* can be generated from frequency command be the gain factor K, as shown, so that the 

flux remains constant. If the stator resistance and leakage inductance of the machine are neglected, 

the flux will also correspond to the air gap flux Ψm or rotor flux Ψr. At low speed areas, the stator 

resistance becomes significant and absorbs the major amount of the stator voltage, thus weakening 

the flux. Therefore, the boost voltage V boost is added to compensate flux to keep it equal to rated 

flux and corresponding full torque becomes available at low frequency. The ωe signal is integrated to 

generate the angle signal θe and the corresponding sinusoidal phase voltages (Va* Vb* Vc) are 

generated. 
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                                       Figure 3: Three phase induction motor drive 

 Structure of the System: The basic block diagram of a three-phase induction motor drive with soft 

starter is shown in Fig.2. It consists of the following blocks 1) Single phase full bridge rectifier. 2) 

Single phase full bridge inverter. 3) Control circuit. 4) Speed sensing unit. 5) DC regulated power 

supply. 6) Output filter. 7) Soft starter. 1.Rectifier and Inverter unit in the present work a three-phase 

uncontrolled (diode) bridge rectifier is used. To protect the power diodes from high dv/dt during 

switch „on of the supply to the system, three Metal Oxide Varistors (MOV's) are used. A capacitor 

filter bank is used in the dc link (this also gives the center-tapped point in the dc link). The full 

bridge inverter is designed by using six power TRIAC's viz. I1, I2, I3, I4, I5 and I6 with anti-parallel 

diodes across each TRIAC. To avoid simultaneous turn-on of the TRIAC's of the same leg during 

firing sequence, a dead-gap is given between switch and switch-off of TRIAC's of the same leg. The 

dead gap is made longer than the max turn-on time and turn-off time. Fig.5. shows the gate pulse for 

I1. The rapid application or reapplication of voltage to a device can cause the device (TRIAC) to 

trigger spuriously, or to turn on partially. When such rapid and excess surges are anticipated, then 

voltage snubbers are to be employed. In the present design RC type of snubber is used. 2. Control 

Block It mainly consists of dsPIC30F2010 controller, the brain, and six opto-coupler systems for 

isolating the controller and power circuits. The dSPIC controller is programmed so as to modify the 

frequency in order to attain the selected speed. The dSPIC is the combination of both DSP and 

microcontroller. The dSPIC has six PWM output channels which are enough to drive the six switches 

of the inverter so there is no need for additional analog circuits. The dead time is provided in order to 

avoid overlapping of turn „on ‟ for upper and lower switch. In this work for motor control drive 

dsPIC30F2010 controller is used, which is of comparatively low cost as compared to the DSP 

processor. It is programmed to vary the frequency of the six gate pulses. Since the inverter is of 
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square wave VSI, there is no need for additional hardware for generating the PWM waves for 

triggering the gates.  

3. Power Supply Since, six gates are to be fired independently in the three-phase bridge inverter; 

provision is made for this in the present work. Power supply section is designed to provide 

independent supplies for different sections. Three for firing upper three gates and one for firing the 

lower three gates (lower gates have common ground) and a soft starter for each switch power supply 

is given independently. The one supply is used for digital signal controller, RPM sensor, LCD 

display and Zero crossing sensing. 4. Speed Sensing Unit It is a simple LED-photo diode system, the 

light path between which is obstructed the number of times proportional to the rpm. The output is 

given to the digital signal controller for modifying of the gate pulses as per the requirement. There 

has to be a trade-off between the response time of achieving the selected speed and the accuracy. 

Better accuracy and response time can be achieved by increasing the number of obstructions per 

revolution. For one obstruction per revolution the response time of increasing /decreasing speed will 

be 10 rpm/6sec and the accuracy will be ±10 rpm. To increase the response time six obstructions per 

revolution are used giving response time of increasing /decreasing 10 rpm/sec and the accuracy of 

±10 rpm. 5. Filter Unit: The output voltage of the inverter is of square wave shape. It has harmonics 

of order pq±1. Since an inverter is a six-pulse inverter, the harmonics which are predominantly 

present are of order 5, 7, 11, 13, 17… In the present work, a passive filter (LCR) is used at the 

inverter output to reduce the effect of the harmonics. 6. Soft Starter The soft starter topology 

employed in the present work is adopted from [5] in which the author has compared the Performance 

Analysis of Thyristor and IGBT based induction motor soft starters. In the present work the  IGBT 

based induction motor soft starter is developed and analyzed in terms of starting current, starting 

voltage and starting torque for different gate voltages.  

These Solid-State Switches are phase controlled in a similar manner to a light dimmer, in that they 

are turned on for a part of each cycle. The average voltage is controlled by varying th e conduction 

angle of the switches. Increasing the conduction angle will increase the average output voltage. 

Controlling the average output voltage by means of solid-state switches has several advantages. 

Transformer and Oscillators: This project has mainly two sections, wireless power transmitter and a 

wireless power receiver section. The Transmitter section of wireless charger circuit consists of a DC 

power source, oscillator and a transmitter coil. A constant DC voltage is provided by a DC power 

source, and this DC signal is the input to the oscillator circuit. This oscillator converts this DC 

voltage to a high frequency AC power and is supplied to the transmitting coil. Due to this high 
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frequency AC current, the transmitter coil energizes, and generates an alternating magnetic field in 

the coil. DC power Source: It consists of a step-down transformer that steps down the supply voltage 

to a desired level, and a rectifier circuit to convert that AC voltage to DC signal. Oscillator Circuit: A 

modified Royer Oscillator circuit is used in our project. With this circuit we can easily achieve a high 

oscillating current for the transmitter coil.  

       

                                     Figure 4: Illustration of oscillator 

Transmitter Coil: For this Wireless power transmission mobile charger circuit using inductive 

coupling project, we can use 6mm enameled wire (Magnet wire) for constructing the transmitter 

coils. Actually, this enameled wire is a copper wire, which has a thin layer of insulation coatings on 

it. Here the transmitter coil is constructed with a diameter of 16.5cm or 6.5 inches and 8.5 cm of 

length. The equation for finding the inductance of a single layer air core coil is given below. L = 

0.001 N2 (a/2)2 / (114a + 254l) H Now we are applying the desired values for the coil, 

L=0.001×22×(0.165/2)2/((114×0.165)+ (254×0.085)) H L = 0.674 μH .  
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CHAPTER-2 

Introduction to the components 

 In single-phase induction motor of ratings beyond a certain limit of withstand take very large 

currents and low power factor while being started directly from a 1-phase supply. In order to 

mitigate the adverse effects of starting torque transients and high inrush currents in induction 

motors, a popular method is to use electronically controlled soft-starting voltages utilizing 

TRIAC. Normally soft starters are used for avoiding this problem and to achieve smooth 

starting of large capacity induction motors. Soft starters use ac voltage controllers to start the 

induction motor and to adjust its speed. The performance of a voltage-controlled large induction 

motor soft starter has been improved, resulting in nearly perfect current and torque profiles. soft 

starter used as induction motor controllers in compressors, blowers, fans, pumps, mixers, 

crushers and grinders, and many other applications. starting torque pulsations are eliminated by 

triggering back-to-back connected TRIAC at proper points on the first supply voltage cycle. the 

soft starter is connected to motor drive during the starting condition only and once the motor get 

its rated speed then the soft starter is disconnected from the main motor system so that the 

motor get protected or analysis of the various waveforms digital storage oscilloscope Tektronix 

TDS2024B is used. 

keywords: AC voltage controller, dspic30F2010, induction motor, soft starter.  
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CHAPTER-3 

WORKING 

TRIAC: 

Triac are being used in AC power control applications. The Triac can switch high voltages and high 

levels of current. Where power switching is needed, the Triac are ideal to use. The use of triac in 

circuits as light dimmers for domestic lighting. These are also used in various other power control 

situations including motor control. The circuit diagram consists of thyristor which consists of two 

mode of operation  

 Mode 1:(0 ≤α ≤π radians) During the positive half cycle of the input supply voltage the 

thyristor T1 is forward biased. The thyristor T is being triggered at a delay angle of 'α '. The current 

flows through the lamp and which makes the lamp glow for that half cycle directly through the M2 & 

M1 terminal of the triac [1] [2]. The T1 conducts from ωt=α to π radians. At ωt=π , the thyristor 

current falls to zero when the input voltage turns to zero and hence makes T1 naturally turn off . 

During ωt=π to (π +α) no current flows in the circuit.  

Mode 2: ωt= (π +α) to 2π During the negative cycle of input supply the thyristor T2 is forward 

biased. At a delay angle (π +α) the thyristor is triggered, the negative half cycle is traced by the 

output voltage of input from ωt= (π +α) to 2π. The load current flows in the reverse d irection when 

T2 is ON the same thing repeats. The lamp glows in both the cycles in a controlled way depending 

on pluses at the opto isolator. If this is given to a motor instead of a lamp the power is controlled 

resulting in speed control. The input supply voltage at ωt= 2π falls to zero and hence the load current 

also falls to zero and thyristor T2 naturally turns off.   

Transformer  

A bridge rectifier converts alternating current to direct current so that if we need to convert AC input 

to DC output, we can use this. Bridge rectifier can be created by using four or more diodes. Bridge 

rectifiers are widely used in power supplies that supply DC power to electronic devices. A proper 

bridge rectifier is selected according to the load current requirements a bridge rectifier provides full 

wave rectification from a two wire AC input. The main advantage of bridge rectifier is that it does 

not require a special center tapped transformer and by that its size and coast is reduced we can see a 
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lot of rectifiers in many electronic devices or in components but the only center tapped full wave 

rectifier and bridge rectifier efficiently converts AC (alternating current) into DC (direct current).  

                   Transformers are most commonly used for increasing low AC voltages at high current (a 

step-up transformer) or decreasing high AC voltages at low current (a step-down transformer) in 

electric power applications, and for coupling the stages of signal processing circuits. Transformers 

can also be used for isolation, where the voltage in equals the voltage out, with separate coils not 

electrically bonded to one another. 

Since the invention of the first constant potential transformer in 1885, transformers have become 

essential for the transmission, distribution, and utilization of alternating current electric power] A 

wide range of transformer designs is encountered in electronic and electric power applications. 

Transformers range in size from RF transformers less than a cubic centimeter in volume, to units 

weighing hundreds of tons used to interconnect the power grid. 

RECTIFIER: 

Rectifier, device that converts alternating electric current into direct current. It may be an electron 

tube (either a vacuum or a gaseous type), vibrator, solid-state device, or mechanical device. Direct 

current is necessary for the operation of many devices such as laptop computers, televisions, and 

certain power tools. 

If only one polarity of an alternating current is used to produce a pulsating direct current, the process 

is called half-wave rectification. When both polarities are used, producing a continuous train of 

pulses, the process is called full-wave rectification. 

Diodes are used in half- and full-wave circuits. In a full-wave circuit, two diodes are used, one for 

each for half of the cycle. A half-wave circuit uses only one diode. 

There are three types of rectifiers 

1.Half-Wave rectifier 

2.Full-wave rectifier 

3.Bridge rectifier 

BRIDGE RECTIFIER: 

A bridge rectifier converts alternating current to direct current so that if we need to convert AC input 

to DC output, we can use this. Bridge rectifiers can be created by using four or more diodes. Bridge 

rectifiers are widely used in power supplies that supply DC power to electronic devices. A proper 

bridge rectifier is selected according to the load current requirements a bridge rectifier provides full 

wave rectification from a two wire AC input. The main advantage of bridge rectifier is that it does 

not require a special center tapped transformer and by that its size and coast is reduced we can see a 

https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Transformer#cite_note-Bedell_(1942)-2
https://www.britannica.com/science/alternating-current
https://www.britannica.com/science/direct-current
https://www.britannica.com/technology/electron-tube
https://www.britannica.com/technology/electron-tube
https://www.britannica.com/technology/solid-state-device
https://www.britannica.com/technology/computer
https://www.britannica.com/technology/television-technology
https://www.britannica.com/science/alternating-current
https://www.britannica.com/technology/electric-circuit
https://www.britannica.com/technology/diode
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lot of rectifiers in many electronic devices or in components but the only center tapped full wave 

rectifier and bridge rectifier efficiently converts AC (alternating current) into DC (direct current). 

  
                     Figure 5: Bridge Rectifier 
  

Advantages and applications of bridge rectifier: 

⚫ The rectifier efficiency of full wave rectifier is double as that of the half wave 

⚫ Higher output power and voltage 

⚫ No center tapping is required so we can use a simple transformer 

⚫ Smaller size and cheap. 

Blocking diode: 

The blocking diode is a helpful tool for limiting the direction energy can flow through a wire to just 

one direction.   It uses a semiconductor P/N junction achieve this behavior 

              .  
                                       Figure 6: Blocking Diodes 
 

 

Voltage regulator: 
  
 A voltage regulator is used to regulate voltage levels. When a steady, reliable voltage is needed, then 

the voltage regulator is the preferred device. It generates a fixed output voltage that remains constant 

for any changes in an input voltage or load conditions. It acts as a buffer for protection components 

from damages. A voltage regulator is a device with a simple feed-forward design and it uses negative 

feedback control loops. There are mainly two types of voltage regulators: Linear voltage regulators 

and switching voltage regulators; these are used in wider applications. The linear voltage regulator is 

https://www.elprocus.com/adjustable-lm317-voltage-regulator-circuit/
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the easiest type of voltage regulator. It is available in two types, which are compact and used in low 

power, low voltage systems. Let us discuss different types of voltage regulators. 

 

 

                                     Figure 7: Voltage Regulator 
 

There are two types of voltage regulators 

1.series voltage regulator  

2.shunt voltage regulator 

  Series voltage regulator: 

A series voltage regulator uses a variable element placed in series with the load. By changing the 

resistance of that series element, the voltage dropped across it can be changed. And, the voltage 

across the load remains constant. 

             

      
        
                                Figure 8: Series Voltage Regulator  

The amount of current drawn is effectively used by the load; this is the main advantage of the series 

voltage regulator. Even when the load does not require any current, the series regulator does not 
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draw full current. Therefore, a series regulator is considerably more efficient than a shunt voltage 

regulator. 

Shunt voltage regulator: 

A shunt voltage regulator works by providing a path from the supply voltage to ground through a 

variable resistance. The current through the shunt regulator has diverted away from the load and 

flows uselessly to the ground, making this form usually less efficient than the series regulator. It is, 

however, simpler, sometimes consisting of just a voltage-reference diode, and is used in very low-

powered circuits wherein the wasted current is too small to be of concern. This form is very common 

for voltage reference circuits. A shunt regulator can usually only sink (absorb) current. 

 

                
                                        Figure 9: Shunt Voltage Regulator 

 

Applications of Shunt Regulators: 
 
⚫ Low Output Voltage Switching Power Supplies 

⚫ Current Source and Sink Circuits 

⚫ Error Amplifiers 

⚫ Adjustable Voltage or Current Linear and Switching Power Supplies 

 

 

https://www.elprocus.com/how-does-a-zener-works-as-a-voltage-regulator/
https://www.elprocus.com/types-power-supplies/
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Zero Crossing Detector: 

                 

                                             Figure10: zero cross detector       

zero crossing detector 7411:         

 zero crossing detector circuit is an important application of the op-amp comparator circuit. It 

can also be called the sine to square wave converter. Anyone of the inverting or non -inverting 

comparators can be used as a zero-crossing detector. The only change to be brought in is the 

reference voltage with which the input voltage is to be compared, must be made zero (V ref = 0V). An 

input sine wave is given as Vin. These are shown in the circuit diagram and input and outpu t 

waveforms of an inverting comparator with a 0V reference voltage.    

 As shown in the waveform, for a reference voltage 0V, when the input sine wave passes 

through zero and goes in a positive direction, the output voltage Vout is driven into negative 

saturation. Similarly, when the input voltage passes through zero and goes in the negative direction, 

the output voltage is driven to positive saturation. The diodes D1 and D2 are also called clamp 

diodes. They are used to protect the op-amp from damage due to increase in input voltage. They 

clamp the differential input voltages to either +0.7V or -0.7V.     

 In certain applications, the input voltage may be a low frequency waveform. This means that 

the waveform only changes slowly. This causes a delay in time for the input voltage to cross the 

zero-level. This causes further delay for the output voltage to switch between the upper and lower 

saturation levels. At the same time, the input noises in the op-amp may cause the output voltage to 

switch between the saturation levels. Thus, zero crossing is detected for noise voltages in addition to 

the input voltage. These difficulties can be removed by using a regenerative feedback circuit with a 

positive feedback that causes the output voltage to change faster thereby eliminating the possibility 

of any false zero crossing due to noise voltages at the op-amp input. 

http://www.circuitstoday.com/op-amp-comparator
http://www.circuitstoday.com/schmitt-trigger-using-op-amp
http://www.circuitstoday.com/schmitt-trigger-using-op-amp
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Fig 11: zero-Crossing Detector Using 741IC -Waveforms 

 
 

8051 Micro controllers:  

⚫ The 8051 Microcontroller is one of the most popular and most commonly used microcontrollers 

in various fields like embedded systems, consumer electronics, automobiles, etc.8051 

Microcontroller has many features like Serial Communication, Timers, Interrupts, etc. and hence 

many students and beginners start their work on the concept of Microcontrollers with 8051 

Microcontroller (although this trend seems to be changed with the introduction of Arduino).  

⚫ Even though 8051 Microcontroller might seem a little bit out of fashion, we feel that it is one of 

the best platforms to get started with Microcontrollers, Embedded Systems and Programming 

(both C and Assembly). 
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⚫ A Microcontroller is a VLSI IC that contains a CPU (Processor) along with some other 

peripherals Like Memory (RAM and ROM), I/O Ports, Timers/Counters, Communication Interf     

 

                                               Figure 12: Block diagram of micro-controller 
 
 
On the contrary, a Microprocessor (which was developed before Microcontroller) is just a Processor 

(CPU) and doesn’t have the above-mentioned peripherals. In order to make it work or build a system 

around it, we need to interface the peripherals separately.   

8051 Microcontroller Features: 

8 – Bit ALU: ALU or Arithmetic Logic Unit is the heart of a microcontroller. It performs arithmetic 

and bitwise operation on binary numbers. The ALU in 8051 is an 8 – Bit ALU i.e. it can perform 

operations on 8 – bit data. 

8 – Bit Accumulator: The Accumulator is an important register associated with the ALU.  

The accumulator in 8051 is an 8 – bit register. 

RAM:  8051 Microcontroller has 128 Bytes of RAM which includes SFRs and Input / Output Port         

Registers. 

ROM:  8051 has 4 KB of on-chip ROM (Program Memory). 

I/O Ports:  8051 has four 8 – bit Input / Output Ports which are bit addressable and bidirectional. 

Timers/Counters: 8051 has two 16 – bit Timers / Counters. 

Serial Port:   8051 supports full duplex UART Communication. 

External Memory: 8051Microcontroller can access two 16 – bit address line at once: one each for 

RAM and ROM. The total external memory that an 8051 Microcontroller can access for RAM and 

ROM is 64KB (216 for each type). 
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Additional Features: Interrupts, on-chip oscillator, Boolean Processor, Power Down Mode, etc 

8051 is an 8 – bit Microcontroller i.e. the data bus of the 8051 Microcontroller (both internal and 

external) is 8 – bit wide. It is a CISC based Microcontroller with Harvard Architecture (separate 

program and data memory). Since the basic layout. Since the basic layout of a microcontroller 

includes a CPU, ROM, RAM, etc. 

Some of The 8051’s Derivatives Are Given As Follows:                        

  

Device 
On-Chip Data 

Memory 

(Bytes) 

On-Chip 

Program 

Memory (Bytes) 

16-Bit 

Timer/Counter 

No. Of 

vectored 

interrupts 

Full 

Duplex 

I/O 

8031 128 None 2 5 1 

8032 256 None 2 6 1 

8051 128 4k ROM 2 5 1 

8052 256 8k ROM 3 6 1 

8751 128 4k EPROM 2 5 1 

8752 256 8k EPROM 3 6 1 

AT89C51 128 
4k Flash 

Memory 
2 5 1 

AT89C52 256 
8k Flash 

memory 
3 6 1 
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                           Figure 12: 8051 micro controllers 

 

 

Features of 8051 microcontroller: 

                                  

⚫ 4 KB on chip program memory. 

⚫ 128 bytes on chip data memory (RAM). 

⚫ 128 user defined software flags. 

⚫ bit data bus. 

⚫ bit address bus. 

⚫ 32 general purpose registers each of 8 bits. 

⚫ 16-bit timers (usually 2, but may have more, or less). 

⚫ 3 internal and 2 external interrupts. 
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⚫ Bit as well as byte addressable RAM area of 16 bytes. 

⚫ Four 8-bit ports, (short models have two 8-bit ports). 

⚫ 16-bit program counter and data pointer. 

Induction Motor: 

1.  An induction motor or asynchronous motor is an AC electric motor in which the electric current 

in the rotor needed to produce torque is obtained by electromagnetic induction from the 

magnetic field of the stator winding.] An induction motor can therefore be made without 

electrical connections to the rotor.] An induction motor's rotor can be either wound type or 

squirrel-cage type. 

2. Induction motors are widely used as industrial drives because they are self -starting, reliable and 

economical. Single-phase induction motors are used extensively for smaller loads, such as 

household appliances like fans. Although traditionally used in fixed-speed service, induction 

motors are increasingly being used with variable-frequency drives (VFD) in variable-speed 

service. VFDs offer especially important energy savings opportunities for existing and 

prospective induction motors in variable-torque centrifugal fan, pump and compressor load 

applications. Squirrel cage induction motors are very widely used in both fixed-speed and 

variable-frequency drive applications. 

3. In both induction and synchronous motors, the AC power supplied to the motor's stator creates a 

magnetic field that rotates in synchronism with the AC oscillations. Whereas a synchronous 

motor's rotor turns at the same rate as the stator field, an induction motor's rotor rotates at a 

somewhat slower speed than the stator field. The induction motor stator's magnetic field is 

therefore changing or rotating relative to the rotor. This induces an opposing current in the 

induction motor's rotor, in effect the motor's secondary winding, when the latter is short-

circuited or closed through an external impedance.[28] The rotating magnetic flux induces 

currents in the windings of the rotor, in a manner similar to currents induced in a transformer's 

secondary winding(s). 

4. The induced currents in the rotor windings in turn create magnetic fields in the rotor that react 

against the stator field. The direction of the magnetic field created will be such as to oppose the 

change in current through the rotor windings, in agreement with Lenz's Law. The cause of 

induced current in the rotor windings is the rotating stator magnetic field, so to oppose the 

change in rotor-winding currents the rotor will start to rotate in the direction of the rotating stator 

magnetic field. The rotor accelerates until the magnitude of induced rotor current and torque 

https://en.wikipedia.org/wiki/AC_motor
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Rotor_(electric)
https://en.wikipedia.org/wiki/Electromagnetic_induction
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Stator
https://en.wikipedia.org/wiki/Induction_motor#cite_note-1
https://en.wikipedia.org/wiki/Induction_motor#cite_note-2
https://en.wikipedia.org/wiki/Wound_rotor_motor
https://en.wikipedia.org/wiki/Squirrel-cage_rotor
https://en.wikipedia.org/wiki/Variable-frequency_drive
https://en.wikipedia.org/wiki/Centrifugal_force
https://en.wikipedia.org/wiki/Synchronous_motor
https://en.wikipedia.org/wiki/Stator
https://en.wikipedia.org/wiki/Rotating_magnetic_field
https://en.wikipedia.org/wiki/Induction_motor#cite_note-Knowlton_(1949)-29
https://en.wikipedia.org/wiki/Magnetic_flux
https://en.wikipedia.org/wiki/Transformer
https://en.wikipedia.org/wiki/Lenz's_Law
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balances the applied mechanical load on the rotation of the rotor. Since rotation at synchronous 

speed would result in no induced rotor current, an induction motor always operates slightly 

slower than synchronous speed. The difference, or "slip," between actual and synchronous speed 

varies from about 0.5% to 5.0% for standard Design B torque curve induction motors. The 

induction motor's essential character is that it is created solely by induction instead of being 

separately excited as in synchronous or DC machines or being self-magnetized as in permanent 

magnet motors. 

5. For rotor currents to be induced, the speed of the physical rotor must be lower than that of the 

stator's rotating magnetic field (Ns). otherwise the magnetic field would not be moving relative 

to the rotor conductors and no currents would be induced. As the speed of the rotor drops below 

synchronous speed, the rotation rate of the magnetic field in the rotor increases, inducing more 

current in the windings and creating more torque. The ratio between the rotation rate of the 

magnetic field induced in the rotor and the rotation rate of the stator's rotating field is called 

"slip". Under load, the speed drops and the slip increase enough to create enough torque to turn 

the load. For this reason, induction motors are sometimes referred to as "asynchronous motors. 

An induction motor can be used as an induction generator, or it can be unrolled to form a linear 

induction motor which can directly generate linear motion. The generating mode for induction 

motors is complicated by the need to excite the rotor, which begins with only residual 

magnetization. In some cases, that residual magnetization is enough to self -excite the motor 

under load. Therefore, it is necessary to either snap the motor and connect it momentarily to a 

live grid or to add capacitors charged initially by residual magnetism and providing the required 

reactive power during operation. Similar is the operation of the induction motor in parallel with 

a synchronous motor serving as a power factor compensator. A feature in the generator mode in 

parallel to the grid is that the rotor speed is higher than in the driving mode. Then active energy 

is being given to the grid. Another disadvantage of induction motor generator is that it consumes 

a significant magnetizing current I0 = (20-35)% 

Starting: 

               There are three basic types of small induction motors: split-phase single-phase, shaded-pole 

single-phase, and polyphase. 

In two-pole single-phase motors, the torque goes to zero at 100% slip (zero speed), so these require 

alterations to the stator such as shaded-poles to provide starting torque. A single-phase induction 

motor requires separate starting circuitry to provide a rotating field to the motor. The normal running 

https://en.wikipedia.org/wiki/Permanent_magnet_motor
https://en.wikipedia.org/wiki/Permanent_magnet_motor
https://en.wikipedia.org/wiki/Induction_generator
https://en.wikipedia.org/wiki/Linear_induction_motor
https://en.wikipedia.org/wiki/Linear_induction_motor
https://en.wikipedia.org/wiki/Shaded-pole_motor
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windings within such a single-phase motor can cause the rotor to turn in either direction, so the 

starting circuit determines the operating direction. 

In certain smaller single-phase motors, starting is done by means of a copper wire turn around part of 

a pole; such a pole is referred to as a shaded pole. The current induced in this turn lags behind the 

supply current, creating a delayed magnetic field around the shaded part of the pole face. This 

imparts sufficient rotational field energy to start the motor. These motors are typically used in 

applications such as desk fans and record players, as the required starting torque is low, and the low 

efficiency is tolerable relative to the reduced cost of the motor and starting method compared to other 

AC motor designs.  

Speed control: 

              Before the development of semiconductor power electronics, it was difficult to vary the 

frequency, and cage induction motors were mainly used in fixed speed applications. Applications 

such as electric overhead cranes used DC drives or wound rotor motors (WRIM) with slip rings for 

rotor circuit connection to variable external resistance allowing considerable range of speed control. 

However, resistor losses associated with low speed operation of WRIMs is a major cost 

disadvantage, especially for constant loads. Large slip ring motor drives, termed slip energy recovery 

systems, some still in use, recover energy from the rotor circuit, rectify it, and return it to the power 

system using a VFD. The speed of a pair of slip-ring motors can be controlled by a cascade 

connection, or concatenation. The rotor of one motor is connected to the stator of the other. If the 

two motors are also mechanically connected, they will run at half speed. This system was once 

widely used in three-phase AC railway locomotives. 

Variable-frequency drive: 

                    In many industrial variable-speed applications, DC and WRIM drives are being 

displaced by VFD-fed cage induction motors. The most common efficient way to control 

asynchronous motor speed of many loads is with VFDs. Barriers to adoption of VFDs due to cost 

and reliability considerations have been reduced considerably over the past three decades such that it 

is estimated that drive technology is adopted in as many as 30-40% of all newly installed motors. 

                    Variable frequency drives implement the scalar or vector control of an induction motor. 

With scalar control, only the magnitude and frequency of the supply voltage are controlled without 

phase control (absent feedback by rotor position). Scalar control is suitable for application where the 

load is constant. Vector control allows to independently control the speed and torque of the motor, 

hence, makes it possible to maintain a constant rotation speed at varying load torque. But vector 

https://en.wikipedia.org/wiki/Power_electronics
https://en.wikipedia.org/wiki/Slip_ring_motor
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control is more expensive in implementation because the sensor (not always) and more powerful 

controller are required. 

Construction: 

  The stator of an induction motor consists of poles carrying supply current to induce a  magnetic field 

that penetrates the rotor. To optimize the distribution of the magnetic field, windings are distributed 

in slots around the stator, with the magnetic field having the same number of north and south poles. 

Induction motors are most run on single-phase or three-phase power, but two-phase motors exist; in 

theory, induction motors can have any number of phases. Many single-phase motors having two 

windings can be viewed as two-phase motors, since a capacitor is used to generate a second power 

phase 90° from the single-phase supply and feeds it to the second motor winding. Single-phase 

motors require some mechanism to produce a rotating field on startup. Cage induction motor rotor's 

conductor bars are typically skewed to avoid magnetic locking. 

Standardized NEMA & IEC motor frame sizes throughout the industry result in interchangeable 

dimensions for shaft, foot mounting, general aspects as well as certain motor flange aspects. Since an 

open, drip proof (ODP) motor design allows a free air exchange from outside to th e inner stator 

windings, this style of motor tends to be slightly more efficient because the windings are cooler. At a 

given power rating, lower speed requires a larger frame 

  

Single phase induction motor: 

 The single-phase AC motors are further classified as: 

1) Single phase induction motors or asynchronous motors. 

2) Single phase synchronous motors. 

3) Commutator motors.           

 An article will provide fundamentals, description and working principle of single-phase 

induction motor. 

Construction of single-phase induction motor:          

Like any other electrical motor, asynchronous motors, so have two main parts namely rotor and 

stator. 

Stator: 

            As its name indicates stator is a stationary part of the induction motor. A single-phase AC 

supply is given to the stator of a single-phase induction motor. 

https://www.electrical4u.com/induction-motor-types-of-induction-motor/
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Rotor:                                                                                                                                

The rotor is a rotating part of an induction motor. The rotor connects the mechanical load through the 

shaft. The rotor in the single-phase induction motor is of  squirrel cage rotor type . 

The construction of a single-phase induction motor is almost like the squirrel cage three-phase 

induction motor. But in case of a single-phase induction motor, the stator has two windings instead 

of one three-phase winding in three phase induction motor. 

Stator of Single-Phase Induction Motor: 

The stator of the single-phase induction motor has laminated stamping to reduce eddy current losses 

on its periphery. The slots are provided on its stamping to carry stator or main winding. Stampings 

are made up of silicon steel to reduce the hysteresis losses. When we apply a single phase AC supply 

to the stator winding, the magnetic field  gets produced, and the motor rotates at speed slightly less 

than the synchronous speed Ns. Synchronous speed Ns is given by 

Where, 

                                              

According to double field revolving theory, we can resolve any alternating quantity into two 

components. Each component has a magnitude equal to the half of the maximum magnitude of the 

alternating quantity, and both these components rotate in the opposite direction to each other. For 

example – a flux, φ can be resolved into two components Each of these components rotates in the 

opposite direction i. e if one φm/2 is rotating in a clockwise direction then the other φm / 2 rotates in 

an anticlockwise direction. 

Methods for making single phase induction as self-starting motor: 

The single-phase induction motors are not self -starting because the produced stator 

flux is alternating in nature and at the starting, the two components of this flux cancel each other and 

hence there is no net torque. The solution to this problem is that if we make the stator flux rotating 

type, rather than alternating type, which rotates in one direction only. Then the induction motor will 

become self-starting. 

Now for producing this rotating magnetic field, we require two alternating flux, having some phase 

difference angle between them. When these two fluxes interact with each other, they will produce a 

resultant flux. This resultant flux is rotating in nature and rotates in space in one particular direction 

only. 

Once the motor starts running, we can remove the additional flux. The motor will continue to run 

under the influence of the main flux only. Depending upon the methods for making asynchronous 

motor as Self-Starting Motor, there are mainly four types of single phase induction motor namely  

Ns= 120*f/p 

https://www.electrical4u.com/squirrel-cage-induction-motor/
https://www.electrical4u.com/what-is-magnetic-field/
https://www.electrical4u.com/induction-motor-types-of-induction-motor/
https://www.electrical4u.com/what-is-flux-types-of-flux/
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1. Split phase induction motor, 

2. Capacitor start induction motor, 

3. Capacitor start capacitor run induction motor, 

4. Shaded pole induction motor. 

5. Permanent split capacitor motor or single value capacitor motor. 

Single phase induction motors are simple in construction, reliable and economical for small power 

ratings as compared to three phase induction motors. The electrical power of single phase induction 

motors is low as compared to three phase induction motors. For the same size, the single-phase 

induction motors develop about 50% of the output as that of three phase induction motors. The 

starting torque is also low for asynchronous motors/single phase induction motors the efficiency of 

single phase induction motors is less compared to that of three phase induction motors. Single phase 

induction motors are simple, robust, reliable and cheaper for small ratings. They are available up to 1 

KW rating. 
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CHAPTER -4 

ADVANTAGES AND DISADVANTAGES 

Advantages: 
1. Thyristor controlled power system can be used for controlling the reactive power of induction 

motor. 

2. By controlling the reactive power of the motor, we can easily change the speed of the motor. 

3. This system can be used for controlling the brightness of the output bulbs.   

4.This system can also be used for controlling the speed of dc motors.  

5.This system can be used in synchronous generators for changing the field winding excitation of the 

generator 

6. by controlling the field excitation, the output voltage of the synchronous generator    can be 

controlled. By using this system, the performance and efficiency of industrial machines can be 

improved.  

Disadvantages: 

⚫ It cannot be negative.  

⚫ It cannot be used at a higher frequency. 

⚫ It cannot be easily turned off. 

⚫ In the AC circuit, it needs to be turned on each cycle. 

⚫ Gate current cannot be negative. 

⚫ Low switching speed. 
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CHAPTER -5 

CONCLUSION 

 
The complete system is tested in a power electronics laboratory. The experimental results obtained 

using the designed single-phase motor drive system are studied in two parts, namely, The control of 

motor speed is acquired with an accuracy of ±10 rpm. The selected rpm is locked irrespective of 

change in load. The different gate pulse and voltages are seen on the oscilloscope. The soft starter 

circuit used suppressed the starting current significantly. With this we can conclude that by using the 

soft starter the starting losses will be reduced by 50%, so that heating of the motor can be avoided 

and at the same time it will result in the increased life of the motor. 
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PROJECT PROFORMA 
 

     
Classification of 

Project 
Application  Product Research Review 

 ✔ 

 

   

 Note: Tick Appropriate category. 

 
 

Project Outcomes 

Outcome 1 Use new tools 

Outcome 2  
 

Work as an individual and in a team.  

Outcome 3  
 

Analyze critically.  

Outcome 4 
 

 Identify and solve problems. 
 

 

           Mapping Table 

 

Project 

Outcome

s 

Program Outcomes (POs) PSOs 

P

O

1 

PO

2 

PO

3 

PO

4 

PO

5 

PO

6 

PO

7 

PO

8 

PO

9 

PO

10 

PO

11 

PO

12 

PS

O1 

PSO2 

Outcome 

1 
2 1 2 1 3 2 1 1 2 2 1 2 3 1 

Outcome 

2 
1 2 2 1 3 2 2 1 1 2 3 2 2 1 

Outcome 

3 
3 2 3 2 1 1 2 2 3 1 2 1 2 1 

Outcome 

4 
3 3 1 2 2 2 1 2 1 1 2 2 3 1 

 
 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based  
on level of mapping as follows:  

1-Slightly (Low) mapped       

2-Moderately (Medium) mapped 

3- Substantially (High) mapped  
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program outcomes (POs):  
 
a. Engineering knowledge: Apply the knowledge of mathematics, science,  

engineering fundamentals, and an engineering specialization for the solution  

of complex engineering problems.  

 

b. Problem analysis: Identify, formulate, research literature, and analyze  

complex engineering problems reaching substantiated conclusions using first  

principles of mathematics, natural sciences, and engineering sciences.  

 

c. Design/development of solutions: Design solutions for complex  

engineering problems and design system components or processes that meet  

the specified needs with appropriate consideration for public health and  

safety, and cultural, societal, and environmental considerations.  

 

d. Conduct investigations of complex problems: Use research-based  

knowledge and research methods including design of experiments, analysis  

and interpretation of data, and synthesis of t h e information to provide valid  

conclusions.  

 

e. Modern tool usage: Create, select, and apply appropriate techniques,  

resources, and modern engineering and IT tools, including prediction and  

modelling to complex engineering activities, with an understanding of the  

limitations.  

 

f. The engineer and society: Apply reasoning informed by the contextual  

knowledge to assess societal, health, safety, legal, and cultural issues and the  

consequent responsibilities relevant to the professional engineering practice.  

 

g. Environment and sustainability: Understand the impact of the professional  

engineering solutions in societal and environmental contexts, and  

demonstrate the knowledge of and need for sustainable development.  



 

2 

 

h. Ethics: Apply ethical principles and commit to professional ethics and  

responsibilities and norms of the engineering practice.  

 

i. Individual and teamwork: Function effectively as an individual, and as a  

member or leader in diverse teams, and in multidisciplinary settings.  

 

 

j. Communication: Communicate effectively on complex engineering  

activities with the engineering community and with the society at large, such  

as, being able to comprehend and write effective reports and design  

documentation, make effective presentations, and give and receive clear  

instructions.  

 

k. Project management and finance: Demonstrate knowledge and  

understanding of the engineering and management principles and apply these  

to one’s own work, as a member and leader in a team, to manage projects  

and in multidisciplinary environments.  

 

l. Life-long learning: Recognizes the need for, and have the preparation and  

ability to engage in independent and life-long learning in the broadest  

context of technological change.  
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ABSTRACT 

 
Hydro-thermal-wind scheduling is one of the most important optimization 

problems in power system. The aim of short term hydro- thermal-wind scheduling 

is to determine the optimal hydro, wind and thermal generations in order to meet 

the load demands over a scheduled horizon of time while satisfying the various 

constraints on the hydraulic, wind and thermal power system such as power 

balance constraints, hydraulic network constraints etc. In recent years, various 

Heuristic Optimization methods have been developed on the account of natural 

phenomena such as swarm behavior, behavior of honey bees, behavior of ants etc. 

In this project, a new optimization algorithm based on the law of gravity and mass 

interactions, namely Gravitational Search Algorithm (GSA) is presented. This 

method has been compared with some well-known heuristic search methods. The 

obtained results confirm that the method used gives the high performance in 

solving various non-linear functions. The simulation studies show that the 

proposed GSA technique achieves better quality solution and good convergence 

characteristics. GSA has been applied in many fields of power system to 

determine the optimum value of the parameter of power system. In this paper GSA 

method is used for short term optimal scheduling of generation in a hydro-wind-

thermal system so as to minimize the fuel cost of thermal plant. 
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   CHAPTER-1 

 

INTRODUCTION 
 

1.1 OVERVIEW 

 
Electrical power is the most valuable form of energy since last couple 

decades and its dependency increase day by day. Electric power is most crucial factor in 

development of economy of various sectors of a country. Now, to fulfill the future 

electricity demand the trend is to install the new power plants, installation of more 

transmission lines, expansion of existing power plants, generation should be in most 

economical form and the losses should be minimized. The basic idea is to develop such a 

power system which combines various type of generating units such that it minimizes the 

total operating cost of generated power which satisfies the system load demand and 

transmission losses. The short-term hydro-thermal-wind scheduling combines hydro, 

thermal and wind units for optimum scheduling of generated power. The hydro, thermal 

and wind units are combined together for STHTWS due to their conflicting 

characteristics. The thermal unit has low capital cost, high operating cost and speed of 

response is slow. Thermal power plants are used as a base load plants. Hydro and wind 

power is a renewable, economic and non-polluting source of energy. Hydro power plants 

have quick starting and stopping ability. The hydro power plant offers flexible load 

which helps in improving the reliability of power system. Hydro and wind power units 

are the best choice for meeting the peak load during the high load period. So, it is 

convenient and economical to have hydro, wind and thermal units on the same grid. In 

STHTWS the operating cost is associated with only thermal units. The minimization of 

total fuel cost of thermal units is achieved by the optimization techniques which 

minimize the operating cost along with satisfaction of all operational constraints. A 

number of optimization techniques were implemented on different problems which can 

divided into two categories; conventional and random optimization techniques. 

Conventional optimization techniques such as Mixed Integer Programming, Lagrange 

Relaxation Method, interior point method, dynamic programming, Newton-Raphson 
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(NR) method, Lagrange multiplier method, gradient search technique, newton’s method 

applied successfully on various problems. The conventional techniques follow a set 

mathematical procedure to obtain optimal solution. However, most of the conventional 

optimization techniques use several assumptions to solve their algorithm which may lead 

to premature convergence and thus the solution may not reach at global minima. In the 

past decades the use of random search technique was increased rapidly due to their 

flexibility, versatility and robustness over conventional optimization techniques. The 

random search techniques such as Evolutionary Programming(EP), Genetic 

Algorithm(GA), Simulated Annealing (SA), Cuckoo Search, Differential Evolution(DE), 

Society Civilization Algorithm, Particle Swarm Optimization(PSO), Artificial Immune 

System(AIS) and Gravitational Search Algorithm (GSA) gives better results when 

compared to conventional methods. 
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1.1 LITERATURE SURVEY 

 
Literature Survey was carried out on Hydro-thermal-wind Scheduling using 

Gravitational Search Algorithm (GSA). There are various methods for studying the 

scheduling characteristics. Brief description was given below on the work carried out by 

various researchers. 

A.K Barisal explained that GSA is one of the recent heuristic optimization 

methods which is developed by Rashedi, for solving optimization problems [1]. 

Hydrothermal scheduling problem is highly complex and nonlinear mathematical 

optimization and computationally expensive environment. The proposed GS algorithm 

plays an important role in solving the large hydrothermal scheduling problem with 44 

cascaded reservoirs in which all the problem variables are taken into account without 

making the usual simplifying assumptions and linearization required by conventional 

techniques. 

R.K Swain has given a new approach of using gravitational search algorithm, 

to solve economic load dispatch [2]. He presented evaluation function model and 

optimally selected the mass of agents and enhanced the performance of the gravitational 

search algorithm. A comparative study was carried out between the proposed 

Evolutionary Programming [EP] and GSA technique, in which GSA method gave better 

results with reduced computational time. 
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M. Basu [3] (2006) developed an algorithm for economic emission load 

dispatch for thermal plants with non-smooth fuel cost and emission level functions in 

coordination with fixed head hydro units through an interactive fuzzy satisfying method. 

Assuming that ‘decision maker’ had fuzzy goals for each of the objective functions; the 

multi-objective load dispatch problem was transformed into a mini-max problem, which 

was then handled by Simulated Annealing technique. The solution methodology offered 

global optimum or near-global optimum non-inferior solutions for the ‘decision maker’. 

E Rashedi, proposed a work on, various Heuristic optimization methods which 

have been developed [4]. Some of these algorithms are inspired by swarm behaviors in 

nature. In this article, a new optimization algorithm that is called Gravitational Search 

Algorithm (GSA), is introduced. GSA is constructed based on the law of Gravity and the 

notion of mass interactions. The GSA algorithm uses the theory of Newtonian physics 

and its searcher agents are the collection of masses. In GSA, we have an isolated system 

of masses. Using the gravitational force, every mass in the system can see the situation of 

other masses. The gravitational force is therefore a way of transferring information 

between different masses. 

 
Ying Wang [5],proposed, several PSO methods which are successfully 

employed to solve the short-term hydrothermal scheduling problem. The efficiency of the 

proposed methods is demonstrated by comparison with that of a well-known example 

used by other evolutionary algorithms. The performances of the different PSO techniques 

were also compared. 

Sumit Banerjee [6], investigated a Short term hydro-wind-thermal scheduling 

based on particle swarm optimization technique in which an optimal hourly schedule of 

power generation in a hydro-wind-thermal power system applying PSO technique is 

presented with corresponding simulation results. 

Xiaohui Yuan [7], investigated on “An extended NSGA-III for solution of 

multi-objective hydro-thermal-wind scheduling considering wind power cost”, in which 

he integrated wind power with hydro-thermal scheduling to establish multi-objective 

economic emission hydro-thermal-wind scheduling problem (MO-HTWS) problem with 
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various complicated constraints. Moreover the constraint handling strategy which repairs 

the infeasible solutions by modifying decision variables in feasible zone according to the 

violation amount is also proposed. 

Allen J. Wood and Bruce F. Wollenberg [8] “Power Generation Operation and 

Control” have made a detail study of hydrothermal scheduling with various methods, 

discussing pros and cons of each one over other with various standard examples. 

 
S. Sivanagaraju and G. Sreenivasan, [9] “Power System Operation and 

Control”, have given a detail study about Thermal Economic dispatch and Hydro thermal 

scheduling with different examples and detailed description. 

 
Bin Ji ,Xiaohui Yuan , Xianshan Li , Yuehua Huang , Wenwu Li [10] 

“Application of quantum-inspired binary gravitational search algorithm for thermal unit 

commitment with wind power integration”,have given a detailed study about thermal unit 

commitment problem with wind power integration and chance constrained programming 

is applied to simulate the effects of wind power fluctuation. 

 
Provas Kumar Roy [11] “Teaching learning based optimization for short-term 

hydrothermal scheduling problem considering valve point effect and prohibited discharge 

constraint”, have given a detailed study about short-term hydrothermal scheduling (HTS) 

problem considering nonlinearities like valve point loading effects of the thermal unit 

and prohibited discharge zone of water reservoir of the hydro plants. 

 
Nimain Charan Nayak, C. Christober Asir Rajan [12] “Hydro-Thermal 

Scheduling by a Hybrid Evolutionary Programming – Tabu Search Method with Cooling 

- Banking Constraints”,have given a detailed study about Unit Commitment problem in 

Hydrothermal Power System using a hybrid Evolutionary Programming. 

 

 
Hari Mohan Dubey ,Manjaree Pandit , B.K. Panigrahi [13] “Ant lion 

optimization for short-term wind integrated hydrothermal power generation scheduling”, 
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have given a detailed study aboutsolving practical hydrothermal power generation 

scheduling (HTPGS) problem with wind integration. 

Xiaoshan Wu, Buhan Zhang, Kui Wang, Junfang Li, and Yao Duan [14]“ A 

Quantum-inspired Binary PSO Algorithm for Unit Commitment with Wind Farms 

Considering Emission Reduction”,have given a detailed study about the mathematical 

model for solving unit commitment of power system with wind farms, which contains a 

bi-objective function considering both cost and emissions and up/down spinning reserve 

constraints of the system. 

Sumit Banerjee, Koustav Dasgupta, Chandan Kumar Chanda [15] “Short term 

hydro–wind–thermal scheduling based on particle swarm optimization technique”,have 

given a detailed study to determine the optimal hydro,wind and thermal generations in 

order to meet the load demands over a scheduled horizon of time while satisfying the 

various constraints on the hydraulic, wind and thermal power system network. 

Suresh K. Damodaran and T. K. Sunil Kumar [16] “Hydro-Thermal-Wind 

Generation Scheduling Considering Economic and Environmental Factors Using 

Heuristic Algorithms”,have given a detailed study about hydro-thermal-wind generation 

scheduling (HTWGS) with economic and environmentalfactors is a multi-objective 

complex nonlinear power system optimization problem with many equality and 

inequality constraints. 

1.2 OBJECTIVE OF WORK 

 
The main objective of this project is: 

1. To find dispatch of thermal plant using conventional technique. 

 
2. To find solution of short term hydro-thermal-wind scheduling (STHTWS) problem   

so that the total fuel cost is minimized while satisfying the constraints. 

3. To develop and study the performances of STHTWS using conventional techniques. 

 
4. Considering the drawbacks of these conventional techniques, further proceeding to 

heuristic technique called, Gravitational Search Algorithm (GSA) proposed by Rashedi.
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CHAPTER-2 

 

SHORT TERM HYDROTHERMAL SCHEDULING 

2.1 INTRODUCTION 

 
Optimal scheduling of power plant generation is the determination of the 

generation for every generating unit such that the total system generation cost is minimal 

while satisfying the system constraints. 

The objective of the hydrothermal scheduling problem is to determine the water 

releases from each reservoir of the hydro system at each stage such that the operation 

cost is minimized along the planning period. The operation cost includes fuel costs for 

the thermal units, import costs from neighbouring systems and penalties for load 

shedding. The basic question in hydro thermal coordination is to find a trade-off between 

a relative gain associated with immediate hydro generation and the expectation of future 

benefits coming from storage. 

Two aspects make the hydrothermal scheduling a complex problem: 

 
1. The uncertainty of inflows. 

2. The hydraulic coupling between hydro plants. 

 
The operation planning of hydrothermal systems is called Hydrothermal 

Coordination (HTC) problem. Hydrothermal coordination (HTC) problem requires 

solving for the thermal unit commitments and generation dispatch as well as the hydro 

schedules. The objective is to minimize thermal production cost subject to meeting the 

forecasted demand and other operating constraints. Also the hydrothermal co-ordination 

(HTC) problem determines the thermal unit commitments and generation dispatch, as 

well as the hydro schedules, to meet the forecasted demand and other operating 

constraints at minimum thermal production cost. 

The HTC problem is usually solved by decomposition of the original problem 

into long, medium and short term problems each one considering the appropriate aspects. 
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1. The available water quantity (water inflows) is stochastic in nature. 

 
2. The decision for the energy allocated to hydro units is deterministic. 

 
Different time horizons and base times are needed for the detailed examination of 

each one of the above operating practices. For example, for maintenance scheduling the 

time horizon is the year and the base time is the week or the two week period while for 

the economic dispatch the time horizon is the hour and the base time is the minute. It is 

thus obvious that the selection of the appropriate base time for the hydrothermal 

scheduling problem is crucial to the formulation and solution of the problem. 

2.2 NEED FOR HYDRO THERMAL SCHEDULING 

 
The operating cost of thermal plant is very high, though their capital cost is low. 

On the other hand the operating cost of hydroelectric plant is low, though their capital 

cost is high. So it has become economical as well convenient to have both thermal and 

hydro plants in the same grid. The hydroelectric plant can be started quickly and it has 

higher reliability and greater speed of response. Hence hydroelectric plant can take up 

fluctuating loads. But the starting of thermal plants is slow and their speed of response is 

slow. Normally the thermal plant is preferred as a base load plant whereas the 

hydroelectric plant is run as a peak load plant. 

2.3 CLASSIFICATION OF HYDRO PLANTS 

 
1. Classification on the basis of type 

 
2. Classification on the basis of location 

 
3. Classification According to Quantity of Water Available 

 
2.3.1 CLASSIFICATION ON THE BASIS OF TYPES 

 
Hydro power plants on the basis of their type, are further classified as: 

 
1. Pumped storage plants 

 
2. Conventional plants 
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2.3.1.1 PUMPED STORAGE PLANTS 

 
Pumped storage hydro plants are designed to save fuel cost by serving the peak 

load (a high fuel-cost load) with hydro energy and then pumping the water back up into 

the reservoir at light load periods (a lower cost load). These plants may involve separate 

pumps and turbines or more recently, reversible pump turbines. 

It is associated with upper and lower reservoirs. During light load periods water is 

pumped from lower to the upper reservoirs using the available energy from other sources 

as surplus energy. During peak load the water stored in the upper reservoirs is released to 

generate power to save fuel cost of thermal plants. The pumped storage plant is operated 

until the added pumping cost exceeds the savings in thermal costs due to the peak sharing 

operation. 

2.3.1.2 CONVENTIONAL PLANTS 

 
These are classified in to two different categories: 

 
1. Run-off-river plants: 

 Run-of-river plants have little storage capacity and use water as it becomes 

available. The water not utilized is spilled. 

2. Storage plants: 

Storage plants are associated with reservoirs which have significant storage 

capacity. 

During periods of low power requirements, water can be stored and then released 

when the demand is high. 

2.3.2 CLASSIFICATION ON THE BASIS OF LOCATION 

 
On the basis of their location, hydro plants are classifieds in to three different categories: 

 
1. Hydro plants on different streams 

2. Hydro plants on the same stream 

3. Multi-chain hydro plants 
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2.3.2.1 HYDRO PLANTS ON DIFFERENT STREAMS 

 
The plants are located on different streams and are independent of each other. 

 
 

 
Figure 2.1 Hydro plants on different stream 

 
2.3.2.2 HYDRO PLANTS ON THE SAME STREAM 

 
When hydro plants are located on the same stream, the downstream plant depends on the 

immediate upstream plant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 2.2 Hydro plants on same stream  
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2.3.2.3 MULTI-CHAIN HYDRO PLANTS 

 
These hydro plants are located on different streams as well same stream. 

 
 

 
Figure 2.3 Multi chain Hydro plants 

 
2.3.3 CLASSIFICATION ACCORDING TO QUANTITY OF WATER 

AVAILABLE 

On the basis of quantity of water available Hydro plants can be classified as: 

 
2.3.3.1 RUN-OFF- RIVER PLANTS WITHOUT PONDAGE 

 
These plants do not store water; the plant uses water as it comes. The plant can 

use water as and when available. Since these plants depend for their generating capacity 

primarily on the rate of flow of water, during rainy season high flow rate may mean some 

quantity of water to go as waste while during low run-off periods, due to low flow rates 

the generating capacity will be low. 
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2.3.3.2 RUN-OFF RIVER PLANTS WITH PONDAGE 

 
In these plants pondage permits storage of water during off peak 

periods and use of this water during peak periods. Depending on the size of pondage 

provided it may be possible to cope with hour to hour fluctuations. This type of plant can 

be used on parts of the load curve as required, and is more useful than a plant without 

storage or pondage. When providing pondage tail race conditions should be such that 

floods do not raise tail-race water level, thus reducing the head on the plant and 

impairing its effectiveness. This type of plant is comparatively more reliable and its 

generating capacity is less dependent on available rate of flow of water. 

2.3.3.3 RESERVOIR PLANT 

 
A reservoir plant is that which has a reservoir of such size as to permit 

carrying over storage from wet season to the next dry season. Water is stored behind the 

dam and is available to the plant with control as required. Such a plant has better capacity 

and can be used efficiently throughout the year. Its firm capacity can be increased and 

can be used either as a base load plant or as a peak load plant as required. It can also be 

used on any portion of the load curve as required. 

2.4 CLASSIFICATION OF HYDROTHERMAL SCHEDULING 

PROBLEM 

1. Long range problem 

 
2. Short range problem 

 
2.4.1 LONG RANGE PROBLEM 

 
Long range problem includes the yearly cyclic nature of reservoir water 

inflows and seasonal load demand and correspondingly a scheduling period of one year is 

used. The solution of the long range problem considers the dynamics of head variations 

through the water flow continuity equation. The coordination of the operation of 

hydroelectric plants involves, of course, the scheduling of water releases. The long-range 
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hydro-scheduling problem involves the long-range forecasting of water availability and 

the scheduling of reservoir water releases (i.e., “drawdown”) for an interval of time that 

depends on the reservoir capacities. 

Typical long-range scheduling goes anywhere from 1 week to 1 year or 

several years. For hydro schemes with a capacity of impounding water over several 

seasons, the long-range problem involves meteorological and statistical analysis. Nearer- 

term water inflow forecasts might be based on snow melt expectations and near-term 

weather forecasts. For the long-term drawdown schedule, a basic policy selection must 

be made. Should the water be used under the assumption that it will be replaced at a rate 

based on the statistically expected (i.e., mean value) rate, or should the water be released 

using a “worst-case” prediction. In the first instance, it may well be possible to save a 

great deal of electric energy production expense by displacing thermal generation with 

hydro-generation. If, on the other hand, a worst-case policy was selected, the hydro 

plants would be run so as to minimize the risk of violating any of the hydrological 

constraints (e.g., running reservoirs too low, not having enough water to navigate a 

river). Conceivably, such a schedule would hold back water until it became quite likely 

that even worst-case rainfall (runoff, etc.) would still give ample water to meet the 

constraints. 

Usually, long-term hydrothermal scheduling is used for breaking down 

the long-term problem into a number of midterm (e.g., monthly) problems. Long-term 

produces a near optimal cost estimation while the mid-term case can use a more detailed 

cost representation (short-term cases use the most detailed cost formulation). 

The purpose of the long-term scheduling is to provide a good feasible 

solution that is close to the long-term cost minimization of the whole system. The 

problem is usually very difficult to solve due to its size, the time span (up to several 

years) and the randomness of the water inflows over the long term. 

Long-range scheduling involves optimizing a policy in the context of 

unknowns such as load, hydraulic inflows, and unit availabilities (steam and hydro). 
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These unknowns are treated statistically, and long-range scheduling involves 

optimization of statistical variables. 

 

 
 

2.4.2 SHORT RANGE PROBLEM 

 
In Short range problem, the load demand on the power system exhibits 

cyclic variation over a day or a week and the scheduling interval is either a day or a 

week. As the scheduling interval of short range problem is small, the solution of the 

short-range problem can assume the head to be fairly constant. The amount of water to be 

utilized for the short-range scheduling problem is known from the solution of the long- 

range scheduling problem. Short-range hydro-scheduling (1 day to 1 week) involves the 

hour-by-hour scheduling of all generation on a system to achieve minimum production 

cost for the given time period. 

In such a scheduling problem, the load, hydraulic inflows, and unit 

availabilities are assumed known. A set of starting conditions (e.g. reservoir levels) is 

given, and the optimal hourly schedule that minimizes a desired objective, while meeting 

hydraulic steam, and electric system constraints, is sought. Part of the hydraulic 

constraints may involve meeting “end- point” conditions at the end of the scheduling 

interval in order to conform to a long-range, water-release schedule previously 

established 

The short term hydrothermal scheduling problem is classified into two groups 

 
1. Fixed head hydro thermal scheduling 

 
2. Variable head hydro thermal scheduling 

 
In the operation of a hydroelectric power system, three general categories 

of problems arise. These depend on the balance between the hydroelectric generation, the 

thermal generation, and the load. 
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Systems without any thermal generation are fairly rare. The economic 

scheduling of these systems is really a problem in scheduling water releases to satisfy all 

the hydraulic constraints and meet the demand for electrical energy. Techniques 

developed for scheduling hydrothermal systems may be used in some systems by 

assigning a pseudo-fuel cost to some hydroelectric plant. Then the schedule is developed 

by minimizing the production “cost” as in a conventional hydrothermal system. In all 

hydroelectric systems, the scheduling could be done by simulating the water system and 

developing a schedule that leaves the reservoir levels with a maximum amount of stored 

energy. In geographically extensive hydroelectric systems, these simulations must 

recognize water travel times between plants. 

 

 

 

 
 

2.5 PROBLEM FORMULATION 

Objective of the hydro-wind-thermal scheduling is to generate maximum 

demand power by hydro and wind power generation and the target is to minimize the fuel 

cost of thermal power. Fuel cost function of thermal power plant is expressed as a sum of 

quadratic and sinusoidal functions. 

 

𝑓 = ∑𝑀 ∑𝑁𝑠 [𝑎𝑠𝑖 + 𝑏𝑠𝑖 𝑃𝑠𝑖𝑚 + 𝑐𝑠𝑖𝑃
2 ]  

𝑚=1 𝑖=1 𝑠𝑖𝑚 

 

 

 

 

 

 

2.6 CONSTRAINTS 

Total power generated by hydro, wind and thermal units must balance the 

predicted power demand, at each time interval over the scheduling horizon. 

 

𝑁𝑠 

𝑖=1 𝑃𝑠𝑖𝑚 
𝑁ℎ 

𝑗=1 𝑃ℎ𝑗𝑚 
𝑁𝑤 

𝑘=1 𝑃𝑤𝑘
𝑚 

− 𝑃𝐷𝑚 = 0

 

The hydro power generation is a function of a water discharge rate and reservoir 

head. 

∑ + ∑ + ∑ 
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Generation limits are 

𝑃𝑚𝑖𝑛 ≤ 𝑃ℎ𝑗𝑚 ≤ 𝑃𝑚𝑎𝑥 𝑗 ∈ 𝑁ℎ, 𝑚 ∈ 𝑀  
ℎ𝑗 ℎ𝑗 

and𝑃𝑚𝑖𝑛 ≤ 𝑃𝑠𝑖𝑚 ≤ 𝑃𝑚𝑎𝑥 𝑗 ∈ 𝑁𝑠, 𝑚 ∈ 𝑀 
𝑠𝑖 𝑠𝑖 

 

HYDRAULIC NETWORK CONSTRAINTS: 

 
There are some operational constraints of hydro–wind-thermal units consist 

some water balance equations as well as reservoir storage and release target. These 

bounds are determined by the physical reservoir and plant limitations as well as the 

versatile requirements of the hydro system. 

The constraints include: 

 
a) Physical limitations on reservoir storage volumes 

𝑉𝑚𝑖𝑛 ≤ 𝑉ℎ𝑗𝑚 ≤ 𝑉𝑚𝑎𝑥 𝑗 ∈ 𝑁ℎ, 𝑚 ∈ 𝑀 
ℎ𝑗 ℎ𝑗 

And   𝑄𝑚𝑖𝑛 ≤ 𝑄ℎ𝑗𝑚 ≤ 𝑄𝑚𝑎𝑥 𝑗 ∈ 𝑁ℎ, 𝑚 ∈ 𝑀 
ℎ𝑗 ℎ𝑗
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   CHAPTER-3 
 

 

OPTIMIZATION TECHNIQUES 

3.1 INTRODUCTION 

Finding an alternative with the most cost effective or highest achievable 

performance under the given constraints, by maximizing desired factors and minimizing 

undesired ones. In comparison, maximization means trying to attain the highest or 

maximum result or outcome without regard to cost. 

 Optimization provides functions for finding parameters that minimize or maximize 

objectives while satisfying constraints. The toolbox includes solvers for linear 

programming, mixed-integer linear programming, quadratic programming, nonlinear 

optimization, and nonlinear least squares. 

 In the  simplest  case,  an optimization   problem consists   of maximizing   or minimizing 

a real function by systematically choosing input values from within an allowed set and 

computing the value of the function. 

 

 
3.2 NEED FOR OPTIMIZATION 

Mathematical optimization methods have been used over the years for many 

power systems planning, operation and control problems. Mathematical formulations of 

real world problems are derived under certain assumptions and even with these 

assumptions, the solution of large scale power systems is not simple. On the other hand, 

there are many uncertainties in power system problems because power systems are large, 

complex and geographically widely distributed. More recently deregulation of power 

utilities has introduced new issues into the existing problems. The deregulation of 

electricity supply industry has introduced new opportunity for competition to reduce the 

cost. It is a tremendous challenge for utilities to maintain an economical and reliable 

supply of electricity in such an environment. Faced by an increasingly complicated 
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existence, power utilities need efficient tools and aids to ensure that electrical energy of 

the desired quality can be provided at the lowest cost. It is desirable that solution of 

power system problems should be optimum globally, but solution searched by 

mathematical optimization is normally optimum locally. These facts make it difficult to 

deal effectively with many power system problems through strict mathematical 

formulation alone. The overall objective, both for short-term and long-term operations, is 

then to find are urgently required to solve highly constrained optimization problems. In 

recent years, several major modern optimization techniques have been applied to power 

systems. Therefore, optimization techniques are introduced in power systems as a 

compliment tool to mathematical approaches. 

 

 
3.3 TYPES OF OPTIMIZATION TECHNIQUES 

 
Broadly, Optimization techniques can be classified as follows: 

1.Convectional Optimization Techniques 

2.Heuristic Optimization Techniques 

 

 

1.CONVECTIONAL OPTIMIZATION TECHNIQUES: 

 
These are also known as Classical Optimization  Techniques.  The 

classical optimization techniques are useful in finding the optimum solution or 

unconstrained maxima or minima of continuous and differentiable functions. 

These are analytical methods and make use of differential calculus in 

locating the optimum solution. 

The different types of conventional optimization techniques include 

 
 Lagrange Multiplier method 

 Lamda-Gamma Iterative Method 

 Linear Programming 

 Non-Linear Programming., etc.
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2.HEURISTIC OPTIMIZATION METHOD: 

 
Heuristic is any algorithm which is not guaranteed (mathematically) to find the solution, 

but which is nevertheless useful in certain practical situations. 

The solutions obtained using these are not accurate but approximate. 

List of some well-known heuristics: 

 Real Genetic Algorithm 

 Particle Swarm Optimization 

 Harmony Search 

 Genetic Algorithm 

 Ant Colony Optimization 

 Gravitational Search Algorithm
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CHAPTER-4 

 

GRAVITATIONAL SEARCH ALGORITHM 

 
4.1 INTRODUCTION 

 
It was introduced by EsmatRashedi in 2009 [4]. This optimization algorithm 

is based upon the law of gravity. In this proposed algorithm, agents are considered as 

objects and their performance is measured by masses. All these objects attract each other 

by gravity force and these forces causes a global movement of all lighter objects towards 

the objects with heavier masses, hence the communication is through gravitational force. 

In GSA, each mass (agent) has four specifications: position, inertial mass, 

active gravitational mass and passive gravitational mass. 

Active Gravitational Mass (Ma): Ma is a measure of strength of the gravitational 

field due to a particular object. Gravitational field of an object with small active 

gravitational mass is weaker than the object with more active gravitational mass. 

Passive Gravitational Mass (Mp): Mp is a measure of strength of an object’s 

interaction with the gravitational field. Within the same gravitational field , an object 

with smaller passive gravitational mass experience a small force than object with a larger 

passive gravitational mass. 

Inertia Mass (Mi):Mi is a measure of an object resistance to changing its state of 

motion when a force is applied. An object with larger inertia mass changes its motion 

slowly and an object with small inertial mass changes rapidly. 

The position of the mass correspond to a solution of the problem and its gravitational and 

inertial masses are determined by using fitness function. 

In other words, each mass present a solution and the algorithm is navigated by 

adjusting gravitational and inertia masses. By lapse of time. We expect that masses be 

attracted by the heaviest mass. This mass will present an optimum solution in the search. 



21  

𝑖 

GSA could be considered as an isolated system of masses. It is like a small 

artificial world of masses obeying Newtonians laws of gravitational and motion. More 

precisely obey following laws: 

Law of Gravity: Each particle attracts every other particle and the gravitational force 

between two particles is directly proportional to the product of masses and inversely 

proportional to the square of the distance between them R. we use R instead of R2. 

Law of Motion: The current velocity of any mass is equal to sum of the friction of its 

previous velocity and variation in the velocity. Variation in the velocity or acceleration of 

any mass is equal to the force acted on the system divided by mass of inertia. 

4.2 FORMULATION 

 
Now consider the system of N agents (masses). We define the position of the ith agent by 

xi= (𝑥1……𝑥𝑑……𝑥𝑛) for i =1, 2, …N 4.1 
𝑖 𝑖 𝑖 

 
Where 𝑋𝑑 present the position of ith bus agent in dth dimension. 

 
At specific time ‘t’ we define the force acting on mas ‘i’ from mass ‘j’ as following: 

 
𝐹𝑑 = 𝐺(𝑡) 

 𝑀𝑝𝑖(𝑡)∗𝑀𝑎𝑗(𝑡) 
(𝑥𝑑(𝑡) − 𝑥𝑑(𝑡)) 4.2 

𝑖𝑗 𝑅𝑖𝑗(𝑡)+𝜀 𝑗 𝑖 

 

Where Maj is the active gravitational mass related to agent j, Mpi is the passive 

gravitational mass related to agent i. 𝐺(𝑡) is gravitational constant at time t, small 

constant and Rij(t) is the Euclidian distance between two agents i and j. 

𝑅𝑖𝑗(𝑡) = ‖𝑋𝑖(𝑡). 𝑋𝑗(𝑡)‖ 2 4.3 

 
To give stochastic characteristic to our algorithm, we suppose that the total force that act 

on agent i in a dimension d be randomly weighted sum of dthcomponent of the forces 

exerted from other agents: 

 

𝐹𝑑(𝑡) = ∑𝑁 𝑟𝑎𝑛𝑑𝑗𝐹𝑑(𝑡) 4.4 
𝑖 𝑗=1,𝑗≠𝑖 𝑖𝑗 
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𝑖 

𝑖 

 

 

 

Where 𝑟𝑎𝑛𝑑𝑗 is random number in the interval [0, 1]. 

 
Hence by law of motion, the acceleration of agent i at time t and in dimension dth, 𝑎𝑑(t) is 

given as follows: 
 

𝑑 𝐹𝑑(𝑡) 

𝑎 (𝑡) = 𝑖  
𝑀𝑖𝑖(𝑡) 

4.5 

 

Where Mii is the inertia mass of ith agent 

 
Furthermore the next velocity of an agent is considered as a friction of its current velocity 

added to its acceleration. Therefore the position and velocity are calculated as follows: 

𝑣𝑑(𝑡 + 1) = 𝑟𝑎𝑛𝑑𝑖 ∗ 𝑣𝑑(𝑡) + 𝑎𝑑(𝑡) 4.6 
𝑖 𝑖 𝑖 

 

𝑥𝑑(𝑡 + 1) = 𝑥𝑑(𝑡) + 𝑣𝑑(𝑡 + 1) 4.7 
𝑖 𝑖 𝑖 

 

Where 𝑟𝑎𝑛𝑑𝑖is a uniform random variable in the interval [0, 1]. We use random number 

to give a randomized characteristic to the search. 

The gravitational constant G, is initialized at the beginning and will be reduced with time 

to control the search accuracy. In other world G is a function of the initial value G(t0) and 

time t. 

G(t) = G(t0)*(
𝑡0

) 𝛽𝛽 < 1 4.8 
𝑡 

 
Gravitational and inertia masses are simply calculated by fitness evaluation. A heavier 

mass means a more efficient agent. This means better agents have higher attraction and 

walk slowly the values are calculated by using map of fitness. We update the values of 

gravitational and inertia masses by the following equations: 

Mai = Mpi = Mii= Mi i = 1, 2… N 
 

mi(t) =
 𝑓𝑖𝑡𝑖(𝑡)−𝑤𝑜𝑟𝑠𝑡(𝑡)  
𝑏𝑒𝑠𝑡(𝑡)−𝑤𝑜𝑟𝑠𝑡(𝑡) 

4.9 
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Mi(t) = 
     𝑚𝑖(𝑡) 

 
 

4.10
𝑁 
𝑗−1 𝑚𝑗(𝑡) 

 

Where fiti(t) represents the fitness value of agent i at time t and 𝑤𝑜𝑟𝑠𝑡(𝑡)and 𝑏𝑒𝑠𝑡(𝑡) are 

defined as follows 

𝑏𝑒𝑠𝑡(𝑡) =  𝑚𝑖𝑛𝑗∈{1,2….𝑁}𝑓𝑖𝑡𝑗(𝑡) 4.11 

 
𝑤𝑜𝑟𝑠𝑡(𝑡) =  𝑚𝑎𝑥𝑗∈{1,2….𝑁}𝑓𝑖𝑡𝑗(𝑡) 4.12 

 
We remind that in order to avoid trapping in a local optimum the algorithm 

must use the exploration at beginning. By lapse of iterations, exploration must fade out 

and exploitation must fade in. To improve the performance of GSA by controlling 

exploration and exploitation only the Kbestwill attract the others. Kbest is a function of 

time. With the initial value K0 at the beginning and decreasing with time, in such a way, 

at the beginning, all agents apply the force, and as time passes, Kbest is decreased 

linearly and at the end there will be just one agent applying force to the others, Therefore, 

force equation could be modified as: 

 

𝐹𝑑 = ∑𝑗∈𝐾𝑏𝑒𝑠𝑡,𝑗≠𝑖 𝑟𝑎𝑛𝑑𝑗 𝐹
𝑑(𝑡) 4.13 

𝑖 𝑖𝑗 

 

Where Kbest is the set of first K agents with the best fitness value and biggest mass. 

 
4.3 PROCEDURE 

 
The different steps of the proposed algorithm are the following: 

 
a) Search space identification 

b) Randomized initialization 

c) Fitness evaluation of agents 

d) Update G(t), best(t), worst(t) and Mi(t) for I = 1,2….N 

e) Calculation of the total force in different directions 

f) Calculation of acceleration and velocity 

g) Updating agents position 

h) Repeat steps c to g until the stop criteria is reached 

∑ 
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4.4 ALGORITHM 

Meeting end of 
 

Criterion 

Return best solution 

Update velocity and position 

Calculate M and a for each agent 

Update G, best and worst of the population 

Evaluate the fitness for each agent 

Generate initial population 
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𝑖=1 𝑥 

𝑖=1 

𝑖 

4.5 MATLAB IMPLEMENTATION 

 
To evaluate the performance of GSA, we applied it to two benchmark functions given 

below. 

 

a) 𝐹1(𝑋) = ∑𝑛 
2

 

b)  𝐹2(𝑋)=∑𝑛 𝑖𝑥4 + 𝑟𝑎𝑛𝑑𝑜𝑚[0,1] 

In all cases, population size is set to 50 (N=50), dimension is 30 (n=30) and 

maximum iteration is 1000. The results are as follows: 

 

 

 
 

 
Figure 4.1 Performance of GSA for function F1 
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Figure 4.2 Performance of GSA for function F2 

The performance of GSA has been compared with PSO and RGA techniques and the 

result for function F1 is as shown in figure : 

 

 

 

Figure 4.3 Comparison of performances 
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CHAPTER-5 
 

SHORT TERM HYDRO-THERMAL-WIND SCHEDULING USING GSA 

5.1 INTRODUCTION 

 
The scheduling problem of fixed head short term hydro-thermal-wind generating 

plants can be considered as minimization of total fuel cost associated with the all thermal 

units with simultaneously satisfaction of equality and inequality constraints. In fixed  

head STHTWS, power demand equality constraint and water discharge rate equality 

constraint are two equality constraints along with one inequality constraint on lower and 

upper limits of water discharge rate. A hybrid optimization technique of GSA is 

implemented to determine the optimal scheduling of fixed head short-term hydrothermal 

wind scheduling. 

 
5.2 WIND POWER 

Wind power is a clean and renewable energy which is gaining acceptance for 

solving energy demand at low cost without producing any harmful emissions. Wind 

power is a renewable energy source which involves the conversion of wind energy into a 

usable form of energy. Wind turbines are a low-carbon way of generating electrical 

power from the kinetic energy of the wind; the amount of electricity generated depends 

on the speed of the wind and number of wind turbines employed. 

The following are advantages of Wind energy: 

 It is eco-friendly and causes zero pollution. 

 It is available round the clock. 

 It’s operational cost is almost negligible. 

 Wind energy is inexhaustible. 

 It requires less area for installation, thus initial cost is reduced. 

Due to these advantages now-a-days various researchers are focusing on issues 

arising due to renewable energy such as wind power with conventional thermal units. 
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𝑠𝑖𝑚 

5.3 FORMULATION OF OBJECTIVE FUNCTION 

The scheduling of fixed head short-term hydrothermal plants associated with cost 

function which includes the quadratic function of thermal power. Mathematically, the 

operating cost of thermal unit is expressed as 

𝑀 𝑁𝑠 

𝐹𝑇 = ∑ ∑ 𝑎𝑠𝑖 + 𝑏𝑠𝑖 𝑃𝑠𝑖𝑚 + 𝑐𝑠𝑖𝑃
2

 

𝑚=1 𝑖=1 

 
 

5.4 CONSTRAINTS 

Power balance constraint: 

𝑁𝑠 

 

 

 

 
𝑁ℎ 

 

 

 

 
𝑁𝑤 

∑ 𝑃𝑠𝑖𝑚 + ∑ 𝑃ℎ𝑗𝑚 + ∑ 𝑃𝑤𝑘𝑚 − 𝑃𝐷𝑚 = 0 

𝑖=1 𝑗=1 𝑘=1 

 

Generation limits:  
𝑃𝑚𝑖𝑛 ≤ 𝑃ℎ𝑗𝑚 ≤ 𝑃𝑚𝑎𝑥 

ℎ𝑗 ℎ𝑗 

 

 

𝑃𝑚𝑖𝑛 ≤ 𝑃𝑠𝑖𝑚  ≤ 𝑃𝑚𝑎𝑥 

 

Volume limits: 

𝑠𝑖 𝑠𝑖 

 

 

𝑉𝑚𝑖𝑛 ≤ 𝑉ℎ𝑗𝑚 ≤ 𝑉𝑚𝑎𝑥 𝑗 ∈ 𝑁ℎ, 𝑚 ∈ 𝑀 
ℎ𝑗 ℎ𝑗 

 

Discharge limits: 
 

𝑄𝑚𝑖𝑛 ≤ 𝑄ℎ𝑗𝑚 ≤ 𝑄𝑚𝑎𝑥 
ℎ𝑗 ℎ𝑗 
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𝑠𝑖𝑚 

5.5 ALGORITHM 

 

In this section, the proposed GSA optimization technique is discussed for fixed 

head STHTWS problem. The algorithm starts with random initialization of hydro power 

and wind power. The initialization must be within the search space. 

 
Consider parameter initialization for GSA and scheduling problem. 

Step 1: Randomize N-1 independent variables of hydro power of N intervals and also 

randomize wind power for N intervals within the constraints. And also assume total 

water discharge for hydro power plant (independent variable). 

 
Step 2: Calculate thermal power generation, water discharge, volume of the reservoir 

from demand power and hydro, wind power generations for N-1 intervals. 

 
Step 3: Calculate water discharge in Nth interval by subtracting total water discharge in 

N-1 intervals from total water discharge. 

 
Step 4: From this calculate hydro power generation in Nth interval and then thermal 

power generation using power balance constraint. 

 
Step 5: Initial population for GSA is represented as 

𝑋𝑗 = [𝑃ℎ𝑗1 , 𝑃ℎ𝑗2 , . . . , 𝑃ℎ𝑗𝑁 , 𝑃𝑤𝑗1 , 𝑃𝑤𝑗2 , . . . , 𝑃𝑤𝑗𝑁]   

Where j=1 to population size 

 
Step 6: Calculate cost for each iteration using the formula 

𝑀 𝑁𝑠 

𝑓 = ∑ ∑[𝑎𝑠𝑖 + 𝑏𝑠𝑖𝑃𝑠𝑖𝑚 + 𝑐𝑠𝑖𝑃2  ] 

𝑚=1 𝑖=1 
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𝑖 

Step 7: From fitness evaluation calculate best and worst agents and from this mass is 

calculated using 

mi(t) =
 𝑓𝑖𝑡𝑖(𝑡)−𝑤𝑜𝑟𝑠𝑡(𝑡)  
𝑏𝑒𝑠𝑡(𝑡)−𝑤𝑜𝑟𝑠𝑡(𝑡) 

 

Mi(t) = 
     𝑚𝑖(𝑡) 

 
𝑁 
𝑗−1 𝑚𝑗(𝑡) 

 

And also note the position of the best agent. 

 
 

Step 8: Calculate gravitational constant, acceleration and velocity using 

G(t) = G(t0)*(
𝑡0

) 𝛽𝛽 < 1 
𝑡 

𝑑 𝐹𝑑(𝑡) 
𝑎 (𝑡) = 𝑖  

𝑀𝑖𝑖(𝑡) 

𝑣𝑑(𝑡 + 1) = 𝑟𝑎𝑛𝑑𝑖 ∗ 𝑣𝑑(𝑡) + 𝑎𝑑(𝑡) 
𝑖 𝑖 𝑖 

 

Step 9: Update the search space as 

𝑥𝑑(𝑡 + 1) = 𝑥𝑑(𝑡) + 𝑣𝑑(𝑡 + 1) 
𝑖 𝑖 𝑖 

 
 

Now check for constraints, if constraints are satisfied new updated values are returned to 

the search space, else the agents of search space are returned to the boundaries and then 

repeat the procedure from step 5 until the maximum iteration count is reached.

∑ 
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CHAPTER-6 
 
 

   RESULTS 

6.1 Case Study 
 

A load is to be supplied from a hydro plant and steam system whose characteristics are 

given here 

Equivalent steam system: H = 500+8.0Ps+0.0016P 2 (MBtu/h) 

 
Fuel cost = 1.15 R/MBtu 

150 MW ≤ Ps ≤ 1500 MW 

Hydro Plant: q =300+4.97PH acre-ft/h 

0 ≤ 𝑃𝐻 ≤ 1000 MW 

q = 5300+12(PH - 1000) + 0.05(PH - 1000)2 acre-ft/h 

1000 < PH < 1100 MW 

Wind Plant: 0 ≤ PW ≤ 10 MW 

 
Load Pattern: First day: 00:00-12:00 = 1200 MW 

 
12:00-24:00 = 1500 MW 

 
Second day: 00:00-1200 = 1100 MW 

 

12:00-24:00 = 1800 MW 
 

Third day: 00:00-12:00 = 950 MW 
 

12:00-24:00 = 1300 MW 
 

Hydro-reservoir: 
 

1. 100,000 acre-ft at the start. 
 

2. Must have 60,000 acre-ft at the end of schedule. 
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3. Reservoir volume is limited as follows: 
 

60,000 acre-ft ≤ 𝑉 ≤ 120,000 acre-ft 

  

here is a constant inflow into the reservoir of 2000 acre-ft/h over the entire 3-day period. 

 

6.2 MATLAB PROGRAM 

 
clc; 

clearall; 

 
pd=[1200,1500,1100,1800,950 ,1300]; 

time=[12;12;12;12;12;12]; 

wo_cost=0; 

%% with out Scheduling 

for j=1:6 

wo_cost= (wo_cost+575+9.2*(pd(j))+0.00184*(pd(j)^2)); 

end 

j=2000; 

vlim=[60000;120000]; 

ft=[575 9.2 0.00184]; 

am=ft(1,3); 

bm=ft(1,2); 

cm=ft(1,1); 

thlim=[150;1500]; 

hylim=[0;1000]; 

qtot=15333.333; 

N=50; max_it=100; ElitistCheck=1; Rpower=1; 

Rnorm=2; 

%get allowable range and dimension of the test function. 

up=1000;down=0; 

dim=12; 

qtot=15333.333; 

 
i=1; 

while i<=N 

ph(i,1)=0+rand*1000; 

pw(i,1)=0+rand*10; 

qh(i,1)=330+((4.97)*ph(i,1)); 

pt(i,1)=pd(1,1)-ph(i,1)-pw(i,1); 

v(i,1)=100000+(time(1)*(2000-qh(i,1))); 
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ph(i,k)=0+rand*1000; 

pw(i,k)=rand*10; 

qh(i,k)=330+(4.97*(ph(i,k))); 

pt(i,k)=pd(1,k)-ph(i,k)-pw(i,k); 

v(i,k)=v(i,k-1)+(time(1)*(2000-qh(i,k))); 

 
end 

pw(i,6)=0+rand*10; 

qh(i,6)=qtot-sum(qh(i,1:5)); 

ph(i,6)=((qh(i,6)-330)/4.97); 

pt(i,6)=pd(6)-ph(i,6)-pw(i,6); 

v(i,6)=v(i,5)+(time(6)*(2000-qh(i,6))); 

 
if 0<=ph(i,:) &ph(i,:)<=1000 & 60000<=v(i,:) & v(i,:)<=120000 & 

150<=pt(i,:)&pt(i,:)<=1500 & pw(i,:)<=10 & 0<=pw(i,:) 

phy(i,:)=ph(i,:); 

vol(i,:)=v(i,:); 

pth(i,:)=pt(i,:); 

pwh(i,:)=pw(i,:); 

i=i+1; 

end 

end 

 
BestChart=[];MeanChart=[]; 

V=zeros(N,dim); 

 
for iteration=1:max_it 

X=[phy(:,1:6) pwh(:,1:6)]; 

% iteration 

 
%Checking allowable range. 

[N,dim]=size(X); 

for i=1:N 

 
for j=1:6 

cost(i,j)=575+9.2*(pth(i,j))+0.00184*(pth(i,j)^2); 

end 

fitness(i)=sum(cost(i,:)); 
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end 

[bestbest_X]=min(fitness);%minimization.%best=min value best_x=position of min 

value 

if iteration==1 

Fbest=best; 

Lbest=X(best_X,:); 

end 

 
if best<Fbest%minimization. 

Fbest=best; 

Lbest=X(best_X,:); 

phbest=phy(best_X,:); 

ptbest=pth(best_X,:); 

volbest=vol(best_X,:); 

whbest=pwh(best_X,:); 

end 

 

 
BestChart=[BestChartFbest*12]; 

MeanChart=[MeanChart mean(fitness)]; 

 

 
%Calculation of M. 

Fmax=max(fitness); Fmin=min(fitness); Fmean=mean(fitness); 

[i N]=size(fitness); 

 
ifFmax==Fmin 

M=ones(N,1); 

else 

 

 
best=Fmin; 

worst=Fmax; 

M=(fitness-worst)./(best-worst); 

end 

%Calculation of Gravitational constant. eq.13. 

alfa=20; 

G0=100; 
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G=G0*exp(-alfa*iteration/max_it); 

 
%Calculation of acceleration in gravitational field. 

[N,dim]=size(X); 

final_per=2; %In the last iteration, only 2 percent of agents apply force to the others. 

 
%%%%total force calculation 

ifElitistCheck==1 

kbest=final_per+(1-iteration/max_it)*(100-final_per);%kbest 

kbest=round(N*kbest/100); 

else 

kbest=N; 

end 

[Ms ds]=sort(M,'descend'); 

 
for i=1:N 

E(i,:)=zeros(1,dim); 

for ii=1:kbest 

j=ds(ii); 

if j~=i 

R=norm(X(i,:)-X(j,:),Rnorm); %Euclidian distanse. 

for k=1:dim 

E(i,k)=E(i,k)+rand*(M(j))*((X(j,k)-X(i,k))/(R^Rpower+eps)); 

%note that Mp(i)/Mi(i)=1 

end 

end 

end 

end 

 
%%acceleration 

a=E.*G; %note that Mp(i)/Mi(i)=1 

 
%Agent movement. 

[N,dim]=size(X); 

V=rand(N,dim).*V+a; 

X=X+V; 

for i=1:N 

phy1(i,1)=X(i,1); 

pwy(i,1)=X(i,7); 

qhy(i,1)=330+((4.97)*phy1(i,1)); 
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pty(i,1)=pd(1,1)-phy1(i,1)-pwy(i,1); 

vy(i,1)=100000+(time(1)*(2000-qhy(i,1))); 

for k=2:5 

phy1(i,k)=X(i,k); 

qhy(i,k)=330+(4.97*(phy1(i,k))); 

for h=8:12 

pwy(i,2:6)=X(i,h); 

end 

pty(i,k)=pd(1,k)-phy1(i,k)-pwy(i,k); 

vy(i,k)=vy(i,k-1)+(time(1)*(2000-qhy(i,k))); 

end 

qhy(i,6)=qtot-sum(qhy(i,1:5)); 

phy1(i,6)=((qhy(i,6)-330)/4.97); 

pty(i,6)=pd(6)-phy1(i,6)-pwy(i,6); 

vy(i,6)=vy(i,5)+(time(6)*(2000-qhy(i,6))); 

if 0<=phy1(i,:) & phy1(i,:)<=1000 & 60000<=vy(i,:) &vy(i,:)<=120000 & 

150<=pty(i,:)&pty(i,:)<=1500 &pwy(i,:)<=10 & 0<=pwy(i,:) 

phy(i,:)=phy1(i,:); 

vol(i,:)=vy(i,:); 

pth(i,:)=pty(i,:); 

pwh(i,:)=pwy(i,:); 

end 

 
end 

end 

semilogy(BestChart,'-k'); 

xlabel('\fontsize{12}\bf Iteration'); 

ylabel('\fontsize{12}\bf Best-so-far'); 

legend('\fontsize{10}\bf GSA',1); 

 
result=[phbest' ptbest' whbest' volbest' pd' (phbest+ptbest+whbest)' ]; 

disp(' phpt pw volume pdpg '); 

disp(result); 

cost=Fbest*12 

wosch=wo_cost*12 

savings=wosch-cost 

y=[cost wosch]; 

figure(2) 

bar(y) 
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6.3 Results: 
 

Figure 6.1 Cost minimization of HTWS using GSA 

 

 
Table – 1: Result for Test Case - 4 

 

 PH PT PW VOLUME PG PD 

P1 309.32 890.68 7.27 100852.27 1200.00 1200.00 

P2 597.66 902.34 9.99 91703.12 1500.00 1500.00 

P3 200.01 899.99 9.99 93396.41 1100.00 1100.00 

P4 907.78 892.22 9.99 65892.93 1800.00 1800.00 

P5 160.63 789.37 9.99 70134.91 950.00 950.00 

P6 511.40 788.60 9.99 60000.00 1300.00 1300.00 

 

 

 
The obtained results are within the constraints and the load demand is met with the 

generation in less number of iterations using GSA. 
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Fig 6.2.Comparision of with and without scheduling case 
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CONCLUSION 

Hydro–wind–thermal scheduling problem is the one of the most important 

optimization problem. A heuristic optimization technique GSA is applied to fixed head 

short term hydro-thermal-wind scheduling problem. Hydro, wind powers are used in 

hydro-wind–thermal scheduling to reduce the cost of thermal power plant.In premier 

iterations, the heuristic search algorithm explores the search space to find new solutions. 

To avoid trappingin a local optimum, the algorithm must use the exploration in the first 

few iterations. Hence, the exploration is an important issue in a population-based 

heuristic algorithm. By lapse of iterations, exploration fades out and exploitation fades in, 

so the algorithm tunes itself in semi-optimal points. GSA is a memory-less algorithm. 

However, it works efficiently like the algorithms with memory. The experimental 

resultsshow the good convergence rate of the GSA. The obtained numerical results are 

shows the effectiveness of the applied technique for solving the fixed head STHTS 

problem. 
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PROJECT PROFORMA 

 

 

Classification  of Project 

 

Application Product Research Review 

 

 

  

✓  

 

Note: Tick Appropriate category.  

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

Mapping Table 

 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 
PSO

1 
PSO2 

Outcome 

1 

2 2 2 1 3 2 3 2 1 1 3 2 2 2 

Outcome 

2 

2 2 2 1 1 3 2 1 3 3 2 2 2 2 

Outcome 

3 

2 3 3 3 2 2 1 1 1 2 3 3 2 3 

Outcome 

4 

3 2 3 3 3 2 1 2 1 1 1 1 3 2 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

  on level of mapping as follows: 

 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 
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Programme Outcomes: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization for the solution of complex engineering                                    

problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex engineering 

problems reaching substantiated conclusions using first principles of mathematics, natural 

sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 

consideration for public health and safety, and cultural, societal, and environmental 

considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and    research 

methods including design of experiments, analysis and interpretation of data, and synthesis of t h 

e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and Modern 

engineering and IT tools, including prediction and modeling to complex engineering activities, 

with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to    assess 

societal, health, safety, legal, and cultural issues and the consequent  responsibilities relevant to 

the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering  

solutions in societal and environmental contexts, and  demonstrate the knowledge of, and need 

for sustainable development. 
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8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or   leader 

in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with the society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give and 

receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the  

engineering and management principles and apply these to one’s own work, as a member and 

leader in a team, to manage projects and in multidisciplinary  environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   engage 

in independent and life-long learning in the broadest context of technological change. 

 

Programme Specific Outcomes(PSO): 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of electrical 

and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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ABSTRACT

This project  presents a CAN protocol based industrial data monitoring system to evaluate the 

feasibility of using such a industrial automation protocol in smart industry. Industry automation 

can by possible in either wired or wireless. Many technologies are available for industry 

automation. But CAN is superior among all this these technologies. As CAN has the feature of 

low cost, easy to implement, Error checking, high data transmission rate. Hence this project 

describes the Can based communication between the electronic devices for industrial automation.

The main aim of this project  is to implementation for data communication based on CAN 

protocol by using microcontroller. The devices that are connected by a CAN network are 

typically sensors and control devices. A CAN message never reaches these devices directly, but 

instead a host processor and a CAN controller are needed between these devices and the bus.

The industrial control system deals with all the above-mentioned problems and can effectively 

control them and letting the industry be in safe mode. It is an embedded project and has the 

microcontroller as controlling controller. The temperature sensor maintains the temperature at the

specified level. Light sensor is used to sense the Light and smoke sensor used to sense the smoke.

According to the Sensors the controller will activate through ADC and gives to the CAN 

transceiver. It transmits and CAN transceiver receives and gives to microcontroller. It displays 

the data in the LCD and data will be send to the PC or monitor control unit.

v
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CHAPTER-1
1.1 INTRODUCTION
The Controller Area Network (CAN) is a Serial, Asynchronous, Multi-master communication 

protocol for connecting electronic control modules in Automotive and industrial applications. 

CAN have many features like: Low cost, Easy to implement, peer to peer Network with powerful

Error Checking, Higher Transmission Rates 1MBitps[1]. CAN is a multi-master broadcast serial 

bus standard for connecting electronic control units (ECUs).Each node is able to send and 

receive messages, but not simultaneously: a message (consisting primarily of an ID usually 

chosen to identify the message-type/sender and up to eight message bytes) is transmitted serially 

onto the bus, one bit after another this signal pattern codes the message (in NRZ) and is sensed 

by all nodes.

At the instrumentation level the network is based on the CAN protocol. CAN, or Controller Area 

Network, is an open network standard that was first used in automotive industry, but nowadays is

accepted and used in a wide range of areas, such as industrial automation, building automation, 

agricultural machinery, among others. This  implements data communication based on CAN 

protocol by using microcontroller. The devices that are connected by a CAN network are 

typically sensors and control devices. A CAN message never reaches these devices directly, but 

instead a host processor and a CAN controller are needed between these devices and the bus. If 

the bus is free, any node may begin to transmit. If two or more nodes begin sending messages at 

the same time, the message with the more dominant ID (which has more dominant bits, i.e., bit 0)

will overwrite other nodes' less dominant IDs, so that eventually (after this arbitration on the ID) 

only the dominant message remains and is received by all nodes. Bit rates up to 1 Mbit/s are 

possible at network lengths below 40 m. Decreasing the bit rate allows longer network distances 

(e.g. 125 Kbit/s at 500 m).

 In modern industrial production, monitoring of various parameters is necessary, which reflects 

the running status of equipment and changes of many physical characteristics. By monitoring 

these parameters staff and workers can make the right judgments and operation to ensure the 

most effective and economical industrial production.The CAN data link layer protocol is 

standardized in ISO 11898. This standard describes mainly the data link layer composed of the 

logical link control (LLC) sub layer and the media access control (MAC) sub layer and some 

aspects of the physical layer of the OSI reference model. All the other protocol layers are the 

network designer's choice. The industrial control system deals with all the above-mentioned 

problems and can effectively control them and letting the industry be in safe mode.
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1.2 Requirements of project:

 CONTROLLER AREA NETWORK(MCP2125)

 MICROCONTROLLER

 LIQUID CRYSTAL DISPLAY(16*2)

 SMOKE SENSOR(MQ135)

 TEMPERATURE SENSOR(LM 35)

 LIGHT DEPENDENT RESISTOR

 SMPS FAN

 BUZZER

 LED

1.3 Why we are using controller area network(CAN):
The  CAN protocol eliminates the need for excessive wiring by allowing electronic devices to 

communicate with each other along a single multiplex wire that connects each node in the 

network to the main dashboard. The multiplex architecture allows signals to be combined 

and transmitted over the entire network along a single wire, such that each electronic module 

in the vehicle receives data from sensors and actuators in a timely fashion.

CAN protocol consist of following advantages:

1. Low Cost
When the CAN protocol was first created, its primary goal was to enable faster communication 

between electronic devices and modules in vehicles while reducing the amount of wiring (and 

the amount of copper) necessary. This is accomplished through the use of multiplex wiring, 

which enables the combination of analog and digital signals and their transmission over a shared 

medium.

To understand how multiplexing drives down the cost of wiring vehicles, we need to know a bit 

more about how wiring architecture worked before the CAN bus protocol was created. Along 

with the electronic devices or modules that control vehicle subsystems, cars and trucks also have 

sensors and actuators that capture data from the vehicle's operation and communicate it to 

modules where it is needed. 

A vehicle would have sensors for capturing data about its speed and acceleration, but feeding that

data would require dedicated wires to each individual data recipient - that's one wire to 

communicate with the airbag system, one wire to communicate with the ABS braking system, 

another dedicated wire to engine control, etc. With the CAN protocol, a single wire connects all 

of the electronic systems, actuators, and sensors in the vehicle into one circuit that facilitates 

high-speed data transmission between all components.

The first vehicle to use CAN bus wiring was the BMW 850 coupe released in 1986. 

Implementation of CAN bus architecture reduced the length of wiring in the BMW 850 by 1.25 

https://www.totalphase.com/blog/2017/08/serial-communication-protocols-the-basics/
https://www.totalphase.com/blog/2018/06/emissions-control-diagnostics-troubleshooting-obd-ii-can-protocol/
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miles, which in turn reduced its weight by well over 100 pounds. Based on the current cost of 

copper wiring, the total cost savings from the saved materials would amount to nearly $600. Not 

only that, but the speed of communication was increased, with signal rates ranging from 125 

kbps to 1 Mbps.

Low cost of implementation is one of the main reasons that we're seeing widespread adoption of 

the CAN bus protocol. Less wiring means less labor and lower material costs for embedded 

engineers.

2. Built-in Error Detection
One of the key features of the CAN bus protocol is that it supports centralized control over 

electronic devices that are connected to the network. In the CAN bus physical layer, each 

electronic device is called a node. Nodes can communicate with other nodes on the network, and 

each node requires a microcontroller, CAN controller, and CAN transmitter. 

While each node is capable of sending and receiving messages, not all nodes can be 

communicating at once. The CAN bus protocol uses a technique called lossless bitwise 

arbitration to resolve these situations and determine which node should be given "priority" to 

communicate its message first. 

Error handling is built into the CAN protocol, with each node checking for errors in transmission

and maintaining its own error counter. Nodes transmit a special Error Flag message when errors 

are detected and will destroy the offending bus traffic to prevent it from spreading through the 

system. Even the node that is generating the fault will detect its own error in transmission, 

raising its error counter and eventually leading the device to "bus off" and cease participating in 

network traffic. In this way, CAN nodes can both detect errors and prevent faulty devices from 

creating useless bus traffic. 

3. Robustness
Durability and reliability are key areas of concern when choosing a communication protocol for 

deployment in your embedded engineering projects. As you deploy your products into the live 

environment, you'll want to choose a communication protocol that is self-sustaining, with the 

ability to carry on operating for long periods of time without outside maintenance or intervention.

This need makes the protocol's error detection capabilities particularly advantageous, as they 

enable systems to identify and recover from errors on their own without intervention from an 

outside actor. There are five mechanisms for detecting errors in the CAN protocol:

1. Bit monitoring

2. Bit stuffing

3. Frame check

4. Acknowledgment check

5. Cyclic redundancy check

CAN high-speed bus lines are highly resistant to electrical disturbances, and the CAN controllers

and transceivers that communicate with electronic devices are available in industrial or extended 

temperature ranges. 

A CAN bus cable is typically vulnerable to the failure modes listed in the ISO 11898 standard, 

such as:

1. CAN_H interrupted
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2. CAN_L interrupted

3. CAN_H shorted to battery voltage

4. CAN_L shorted to ground

5. CAN_H shorted to ground

6. CAN_L shorted to battery voltage

7. CAN_L shorted to CAN_H wire

8. CAN_H and CAN_L interrupted at the same location

9. Loss of connection to the termination network

While most CAN transceivers will not survive these types of failures, some electronics 

manufacturers have constructed fault-resistant CAN transceivers that can handle all of them, 

though they may have a restricted maximum speed as a trade-off. Together, these features expand

the suitability of CAN bus networks for applications in the most rugged and demanding 

environments.

4. Speed
When the CAN protocol was first defined, it was described in three layers: the object layer, the 

physical layer, and the transfer layer. Later, when the CAN specification was created, specific 

definitions for the physical layer were excluded. This gave engineers the flexibility to design 

systems with transmission mediums and voltages that suited their intended applications. Later, to

help drive adoption of CAN devices and networks, standards were finally released for the CAN 

physical later in the form of ISO 11898-2.

There are currently two defined physical layer standards, two types of CAN protocol, each with 

its own advantages and disadvantages.

High Speed CAN offers signal transfer rates of between 40 kbps and 1 Mbps, depending on the 

length of the cable. CAN-based bus protocols like DeviceNet and CANopen use this physical 

standard to support simple cable connections with high-speed data transfer. 

Low Speed CAN network offers lower signal transfer rates that may start at 40kbps but are often

capped at or near 125 kbps. The lower signaling rates allow communication to continue on the 

bus, even when a wiring failure takes place. While high-speed CAN networks terminate at either 

end of the bus line with a 120-ohm resistor, each device in a low-speed CAN network has its 

own termination. Low Speed CAN network exhibits greater fault tolerance and are vulnerable to 

fewer failure modes, but slower transfer speeds make them poorly suited to networks that require

rapid and frequent communication.

5. Flexibility
To appreciate the flexibility of the CAN bus protocol in communications, we need to 

differentiate between address-based and message-based protocols. In an address-based 

communication protocol, nodes communicate directly with each other by configuring themselves

onto the same protocol address. 

The CAN bus protocol is known as a message-based communication protocol. In this type of 

protocol, nodes on the bus have no identifying information associated with them. As a result, 

nodes can easily be added or removed (a process called hot-plugging) without performing any 

software or hardware updates on the system. 

https://www.totalphase.com/support/articles/200472276-CAN-Background
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This feature makes it easy for engineers to integrate new electronic devices into the CAN bus 

network without significant programming overhead and supports a modular system that is easily 

modified to suit your specs or requirements.
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CHAPTER-2

BLOCK DIAGRAM

               

llllcd

                                          Channel 1

kl                                       Channel 2

                                          Channel 3

                                                            CAN HIGH

                                                             CAN LOW

                    ssccas
                        

Fig 2.1:Block diagram 

LCD DISPLAY
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LCD DISPLAY
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Temp sensorADC

CONTROLLER
CONTROLLER

Smoke sensor

LDR sensor

CANCAN
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CHAPTER-3

COMPONENTS  DESCRIPTION

3.1 ARDUINO UNO

 Arduino Uno is a microcontroller board based on the ATmega328P . It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz quartz 

crystal, a USB connection, a power jack, an ICSP header and a reset button. It contains 

everything needed to support the microcontroller; simply connect it to a computer with a USB 

cable or power it with a AC-to-DC adapter or battery to get started.

 "Uno" means one in Italian and was chosen to mark the release of Arduino Software (IDE) 

1.0. The Uno board and version 1.0 of Arduino Software (IDE) were the reference versions of 

Arduino, now evolved to newer releases. The Uno board is the first in a series of USB Arduino 

boards, and the reference model for the Arduino platform; for an extensive list of current, past or 

outdated boards see the Arduino index of boards. The Uno differs from all preceding boards in 

that  it does not use the FTDI USB-to-Serial driver chip. Instead , it features the ATmega16U2 

programmed as a USB-to-serial converter.

 Arduino boards are relatively inexpensive compared to other microcontroller platforms. 

Most microcontrollers systems are limited to Arduino. But Arduino software(IDE) runs on 

windows , Macintosh OSX , and Linux operating systems

Thus Arduino  simplifies the process of working with the microcontrollers.

The board has the following new features:

 Stronger RESET circuit.

 AT mega 16U2 replace the 8U2.

 Pin out : added SDA and SCL pins that are nearer to AREF pin and two other new 

pins are placed near RESET pin. 
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Fig 3.1 Arduino UNO 

3.1.1 Micro controller

The Arduino UNO is based on ATmega328p microcontroller and it also has

ATmega16U microcontroller.

1.ATmega328p It is the bran of the Arduino and it is a high performance Atmel Pico

power 8 bit AVR RISC based microcontroller which is capable of executing powerful

instruction in single clock cycle.

2.Atmega16U2 This microcontroller takes care of the USB connection and ICSP

boot loader.

3.1.2 Technical  Specifications

Microcontroller ATmega328P 

Operating Voltage 5V

Input Voltage (limit) 6-20V
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Digital I/O Pins 14 (of which 6 provide PWM out)

PWM Digital I/O Pins 6

Analog Input Pins 6

DC Current per I/O Pin 20 m A 

DC Current for 3.3V Pin 50 m A 

Flash Memory 32 KB (ATmega328P)

EEPROM 1 KB (ATmega328P)

Clock Speed 16 MHz

Length 68.6 mm

Width 53.4 mm

Weight 25 g

3.1.3 Power

 The Arduino UNO has super convenient power management and built-in voltage 

regulation.

The Arduino can be directly powered through USB or external power supply.

The external power supply can be given by

 Connecting power source(7-12v DC) to DC power jack (or)

 Connecting a battery lead to Vin and Gnd.

 Other Power Supply Pins

5V and 3.3V pins These pins can be used to provide power to sensors and

modules when connecting it to.

Arduino IOREF This pin provides voltage reference with which the

microcontroller operates.

3.1.4 Memory

The Atmega328 has a  flash memory of 32KB. It also has 2KB of RAM and

1KB of EEPROM.

3.1.5 Reset

Bring this line LOW to reset the microcontroller.

3.1.6 Input And Output

Each of the 14 digital pins of the Arduino board can be used as input or output
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digital wire and digital read functions . They operate at 5v.

Digital Pins  pin 0 to pin 13

In which pin 0 and pin 1 are used to receive and transmit serial data.

PWM  3,5,6,9,10 and 11  These 6 pins can be used as PWM (Pulse width

Modulation) pins. Using these pins you can control the voltage in turn you can control the 

brightness of led , speed of the motor or whatever you wish to by varying the voltage.

Analog Pins Pin A0 to A5

The main function of these pins is reading the values from Analog sensors.

3.1.7 Communication

UNO has communication protocols like UART serial communication , SPI and I2C.

UART(Universal Asynchronous  Receiver Transmitter)

UNO has digital pin0(RX) and digital pin1(TX) for UART TTL serial communication.

I2C(Inter Integrated Circuit)

UNO uses A4 or SDA pin and A5 or SCL pin for I2C communication with wire library.

 SCL is the clock signal.

 SDA is the data signal.

SPI(Serial Peripheral Interface)

Pin11:(MOSI)

Pin12:(MISO)

Pin13:(SCK)

 MOSI(Master Out Slave In) - The Master line for sending data to the

 peripherals.

 MISO(Master In Slave Out) - The Slave line for sending data to the Master.

 SCK(Serial Clock) - The clock pulse which synchronize data transmission 
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 generated by the master.

3.1.8 Clock

It has 16MHz clock on board makes it fast and speediest microcontroller.

3.1.9 Other Features

 A Led on board is mapped to pin13 for debugging and testing purpose.

 A power Led to indicate power.

 Two Led for RX and TX which blinks when the serial communication takes

 place.

3 . 2   T e mpe ra tu re  S e n s or

 Na t ional     S e m icondu c to r ’s     LM35     I C     h   as     been     used     f or     s e n s ing     the     temp e r   ature.     It     is  an  

i n   te g   rated     c i   r c u   it     s e n   s o   r     th a   t     can     b   e us e d     to     me a   s u   re     tem p   erature     with     an  e   l e   ctr i   c a   l  o u   tput 

 p   r o   por t   i o n   al     t   o     t h   e     t e   m p   er a   t u r   e     ( in     o C )   .     T h   e     t e   m p   e r a   t u r   e     c   an     b   e     m e   as u r   e d     m o r   e     a   c c u   r a t   e l y   
w i t h  i t  t h an  u sing  a  t he rmis t o r.  Th e  s en so r  ci r cu it ry  i s  se aled  a nd  no t  sub j ec t  to  ox id a ti on ,  et c.

Fi g  3 . 2   LM35  Temperature  Sensor

3 . 2 . 1   F ea tu re s 

 C alib r at ed  di rect ly  in  °  Ce lsiu s  (C en tig rad e)

 Lin ea r  +  10 .0  mV/°C  scal e  fac to r

 0 .5 °C  a ccura cy  g uar ant ee d  ( a t  +25 °C ) 

 R ated  fo r  fu ll  −5 5 °  to  +1 50 °C  range

 Su itable  for  remo te  app lications
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 Lo w  co st  due  to  w afer-lev el  trimmin g

 Op erates  from  4  to  30  vol ts

 Le ss  th an  60  µ A cu rren t  d ra in

 Lo w  sel f-h eat in g ,  0 .08 °C  in  st il l  air

 No n line ari ty  on ly  ±1 ⁄4 °C  ty pi cal

Fi g   3 . 3   T em pe ra t u re  S en s o r   C i rcu i t   D i a g r a m 

3 . 2 . 2   F u n ct io na l   d escri pt io n 

 The  sensor  has  a  sensitiv ity  o f  10mV  /  o C.

 T h e  o utp u t  of  L M 3 5  i s  amp l i f i e d  u s ing  a LM32 4  sing l e  power  supp ly  (+5V)  op -amp .

 T h e  o p -a mp  i s  d e s ig ned  t o  h av e  a  g a in  o f  5 . 

 T h e  cir cui try  me asu r es  te mp era tu res  w i t h  a  r e so lu t io n  o f  up  to  0 .5  d egre e  C e l siu s.

 Th e  ou tput  v o lt ag e  is  conv ert ed  to  temp eratu re  by  a  simp le  co nv ersion  facto r .

 The g en er al  eq u at io n  u sed  to  c onv ert  o utp u t  vo l t ag e  t o  t e mp er ature  i s : 

Temp eratu re  (  oC)  =  (Vout  *  10 0  )  /  5  oC

So  if V o ut  i s  5 V ,  th en ,  Te mp eratu re  =  100  oC

 T h e  o utp u t  vo l t ag e  v ar i es  l i n e ar l y  w it h  te mp era tu re
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3.3LIGHT DEPENDENT RESISTOR(LDR):

An LDR or light dependent resistor is also known as photo resistor, photocell, 

photoconductor. It is a one type of resistor whose resistance varies depending on the amount 

of light falling on its surface. When the light falls on the resistor, then the resistance changes. 

These resistors are often used in many circuits where it is required to sense the presence of 

light. These resistors have a variety of functions and resistance. For instance, when the LDR 

is in darkness, then it can be used to turn ON a light or to turn OFF a light when it is in the 

light. A typical light dependent resistor has a resistance in the darkness of 1MOhm, and in the

brightness a resistance of a couple of KOhm

Fig 3.4:Light dependent resistor

 3.3.1Working Principle of  LDR

This resistor works on the principle of photo conductivity. It is nothing but, when the light falls 
on its surface, then the material conductivity  reduces  and also the electrons in the valence band 
of the device are excited to the conduction band. These photons in the incident light must have 
energy greater than the band gap of the semiconductor material.This makes the electrons to jump 
from the valence band to conduction.

http://en.wikipedia.org/wiki/Photoresistor
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 Fig 3.5:Working Principle of LDR

3.3.2Circuit Diagram of a Light Dependent Resistor

The circuit diagram of a LDR is shown below. When the light intensity is low, then the resistance 
of the LDR is high. This stops the current flow to the base terminal of the transistor. So, the LED 
does not light. However, when the light intensity onto the LDR is high, then the resistance of the 
LDR is low.So current flows onto the base of the first transistor and then the second 
transistor.Consequently the LED lights.Here, a preset resistor is used to turn up or down to 
increase or decrease the resistance.

Fig 3.6:circuit diagram of LDR

3.4 GAS SENSOR:
The MQ-135 Gas sensors are used in air quality control equipments and are suitable for detecting
or measuring of NH3, NOx, Alcohol, Benzene, Smoke, CO2. The MQ-135 sensor module comes
with a Digital Pin which makes this sensor to operate even without a microcontroller and that 
comes in handy when you are only trying to detect one particular gas.
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Fig 3.7:Gas sensor(MQ-135)

3.4.1  MQ-135 Sensor Features

 Wide detecting scope.

 Fast response and High sensitivity.

 Stable and long life.

 Operating Voltage is +5V.

 Detect/Measure NH3, NOx, alcohol, Benzene, smoke, CO2, etc.

 Analog output voltage: 0V to 5V.

 Digital output voltage: 0V or 5V (TTL Logic).

 Preheat duration 20 seconds.

 Can be used as a Digital or analog sensor.

3.5BUZZER:

A buzzer or beeper is an audio signalling device , which may be mechanical, 

electromechanical, or piezoelectric. Typical uses of buzzers and beepers include alarm 

devices, timers, and confirmation of user input such as a mouse click or keystroke.
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      Fig 3.8(a) Electronic Symbol Of Buzzer                Fig 3.8(b) Buzzer.

3.6 SMPS FAN

 A   switched-mode power supply   (switching-mode power supply, switch-mode power 

supply, switched power supply,   SMPS , or switcher) is an electronic power supply that 

incorporates a switching regulator to convert electrical power efficiently.

 They are used in many places in a computer. In a modern computer, there is a  SMPS   that 

takes rectified AC input from the wall, performs power factor correction and then converts the 

output into one or more lower voltage DC outputs.

 This system will not only be crucial to heat dissipation but will also contribute to the 

stability and long life of the equipment itself. This is where a DC fan with a well designed 

cooling path becomes one of the most important components of any equipment. Heat dissipation 

for the prevention of premature failure is by far the most crucial part of any electronic system 

design, and a DC fan is one of the best tools available to keep your electronic devices performing 

at top operational shape. Axial fans blow air along the axis of the fan, or parallel to the track of 

the blade axis. 
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Fig 3.9 SMPS Fan

3.7DIODE

 When a p-type semiconductor material pieces are joined together ,the contact surface is 

called P-N junction .P-N junction needs a very useful device and also known as semi- conductor 

diode

Fig 3.10Diode

 3.7.1 Working

P-N junction with no bias  P-N junction is just formed as follows .initially only p type carriers 

are sent to the left of junction and only N type carriers to the right of the junction. as soon as 

junction is formed following changes will take place .holes from p region diffuse into n region 

and vice versa due to this recombination of holes and electrons takes place. a restraining force is 

set up automatically due to which further diffusion is prevented it is because now positive charge 

one side and negative charge on p type repels corresponding holes and electrons .the total 

recombination of holes and electrons cannot takes places in entire diode.

P-N junction with forward biasing  when the applied voltage to p-n junction is in such as 

direction that it reduces the potential barrier and permits the flow of current through device is 

called forward biasing.
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P-N junction with reverse biasing  when the applied voltage to p-n junction is in such as 

direction that it increases the potential barrier and prevents the flow of current through device is 

called reverse biasing.

3.8 TRANSISTOR

A transistor consists of P-N junctions formed by sandwiching either P- type or 

N –type semiconductor between a pair of opposite type.

There are two types of transistors namely

1. N-P-N transistor

2. P-N-P transistor

Fig 3.11 Transistor

1.these are two P-N junctions.therefore,a transistor may be regarded as a combination of two 

diodes connected back to back.

2.there are three terminals, taken from each of semiconductors.

3.the middle section is very thin layer.this is the most important faction in the function of a 

transistor.

 A transistor has three sections of doped semiconductors.the section on one side is 

emmitter and the section on the opposite side is colllector.the middle section is called base and 

forms two junctions between the emitter and collector

Emitter

 The section on one side that supplies charge carriers (electrons or holes)is called the 

emitter.the emitter is alwaysforward biased wih respect to base so that it can supply alarge 

number of majority carriets.the emitter pf P-N-P transistor is forward biased and the supplies 

holwe charges to its junction with the base
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Collector

 The section on the other side that collects the charges is called the collector.the collector 

is always reverse biased.its function is to remove charges from its functions with thw base.the 

collector ofPNP transistor has a reverse bias and receives hole charges that flow in the output 

circuit.

Base

 Middle section which forms two P-N junctions between the emitter and colllector is 

called the base.the base-emitter junction is forward biased,allowing low resistance for the emitter 

circuit.the base collector is reverse biased and provides high resistance in te colector circuit.

3.8.1 Applications

 Transistors are widely used in electronic circuits.

 These are mainly use to amplify weak signals.

 It can used as a ON and OFF switch.

 It is used in oscillator circuits.

3.9RESISTOR

 A  resistor  is a passive two-terminal electrical component  that implements electrical 

resistance as a circuit element. In electronic circuits, resistors are used to reduce current flow, 

adjust signal levels, to divide voltages, bias active elements, and terminate, transmission lines 

among other uses.

Fig 3.12 Resistor

 High-power resistors that can dissipate many watts of electrical power as heat may be 

used as part of motor controls, in power distribution systems, or as test loads for generators. 

Fixed resistors have resistances that only change slightly with temperature, time or operating 

voltage. Variable resistors can be used to adjust circuit elements (such as a volume control or 

a lamp dimmer), or as sensing devices for heat, light, humidity, force, or chemical activity.
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 Resistors are common elements of electrical networks and electrical circuits and are 

ubiquitous in electronic equipment. Practical resistors as discrete components can be 

composed of various compounds and forms. Resistors are also implemented within integrated 

circuits.

3.10 RELAY:

 A  relay  is an electrically operated switch. Many relays use an electromagnet to 

mechanically operate a switch, but other operating principles are also used, such as solid-state 

relays. Relays are used where it is necessary to control a circuit by a separate low-power signal, 

or where several circuits must be controlled by one signal. The first relays were used in long 

distance telegraph circuits as amplifiers: they repeated the signal coming in from one circuit and 

re-transmitted it on another circuit. Relays were used extensively in telephone exchanges and 

early computers to perform logical operations.

Fig 3.13 Relay

3.10.1 Applications

 Used in telephone circuits & telegraphic circuits.

 Used in emergency lights ,battery charges.

 Used in voltage controlers remote operated equipment.

3.11 CONTROLLER AREA NETWORK(CAN):
A  Controller Area Network  ( CAN bus ) is a robust  vehicle bus  standard designed to 
allow  microcontrollers and devices to communicate with each other's applications without a  host
computer. It is a  message-based protocol , designed originally for  multiplex electrical wiring 
within automobiles to save on copper, but can also be used in many other contexts. For each 
device the data in a frame is transmitted sequentially but in such a way that if more than one 
device transmits at the same time the highest priority device is able to continue while the others 
back off. Frames are received by all devices, including by the transmitting device.

https://en.wikipedia.org/wiki/Vehicle_bus
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Host_computer
https://en.wikipedia.org/wiki/Host_computer
https://en.wikipedia.org/wiki/Message-based_protocol
https://en.wikipedia.org/wiki/Multiplexing
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Fig 3.14 CAN controller

3.11.1Architecture:

 Physical

CAN is a multi-master serial bus standard for connecting Electronic Control Units (ECUs) also 
known as nodes. (Automotive electronics is a major application domain.) Two or more nodes are 
required on the CAN network to communicate. A node may interfaces to devices from simple 
digital logic e.g. PLD, via FPGA up to an embedded computer running extensive software. Such 
a computer may also be a gateway allowing a general purpose computer (like a laptop) to 
communicate over a USB or Ethernet port to the devices on a CAN network.

All nodes are connected to each other through a physically conventional two wire bus. The wires 
are a twisted pair with a 120 Ω (nominal) characteristic impedance.

This bus uses differential wired-AND signals. Two signals, CAN high (CANH) and CAN low 
(CANL) are either driven to a "dominant" state with CANH > CANL, or not driven and pulled 
by passive resistors to a "recessive" state with CANH ≤ CANL. A 0 data bit encodes a dominant 

state, while a 1 data bit encodes a recessive state, supporting a wired-AND convention, which 
gives nodes with lower ID numbers priority on the bus.

Fig 3.15(a) High-Speed CAN Network. 

https://en.wikipedia.org/wiki/Multi-master_bus
https://en.wikipedia.org/wiki/Serial_bus
https://en.wikipedia.org/wiki/Electronic_control_unit
https://en.wikipedia.org/wiki/Characteristic_impedance
https://en.wikipedia.org/wiki/Differential_signaling
https://en.wikipedia.org/wiki/Wired-AND
https://en.wikipedia.org/wiki/File:CAN_ISO11898-2_Network.png
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ISO 11898-2, also called high-speed CAN (bit speeds up to 1 Mbit/s on CAN, 5 Mbit/s on CAN-
FD), uses a linear bus terminated at each end with 120 Ω resistors.

Fig 3.15(b)High-Speed CAN Signaling.

High-speed CAN signaling drives the CANH wire towards 5 V and the CANL wire towards 0 V 
when any device is transmitting a dominant (0), while if no device is transmitting a dominant, the
terminating resistors passively return the two wires to the recessive (1) state with a nominal 
differential voltage of 0 V. (Receivers consider any differential voltage of less than 0.5 V to be 
recessive.) The dominant differential voltage is a nominal 2 V. The dominant common mode 
voltage (CANH+CANL)/2 must be within 1.5 to 3.5 V of common, while the recessive common 
mode voltage must be within ±12  of common.

Fig 3.16(a)Low-Speed Fault-Tolerant CAN Network. 

ISO 11898-3, also called low-speed or fault-tolerant CAN (up to 125 Kbps), uses a linear bus, 
star bus or multiple star buses connected by a linear bus and is terminated at each node by a 
fraction of the overall termination resistance. The overall termination resistance should be close 
to, but not less than, 100 Ω.

https://en.wikipedia.org/wiki/File:ISO11898-2.svg
https://en.wikipedia.org/wiki/File:CAN_ISO11898-3_Network.png
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Fig 3.16(b)Low-Speed CAN Signaling. 

Low-speed fault-tolerant CAN signaling operates similarly to high-speed CAN, but with larger 
voltage swings. The dominant state is transmitted by driving CANH towards the device power 
supply voltage (5 V or 3.3 V), and CANL towards 0 V when transmitting a dominant (0), while 
the termination resistors pull the bus to a recessive state with CANH at 0 V and CANL at 5 V. 
This allows a simpler receiver which just considers the sign of CANH−CANL. Both wires must 

be able to handle −27 to +40 V without damage.

 Electrical properties

With both high-speed and low-speed CAN, the speed of the transition is faster when a recessive 
to dominant transition occurs since the CAN wires are being actively driven. The speed of the 
dominant to recessive transition depends primarily on the length of the CAN network and the 
capacitance of the wire used.

High-speed CAN is usually used in automotive and industrial applications where the bus runs 
from one end of the environment to the other. Fault-tolerant CAN is often used where groups of 
nodes need to be connected together.

The specifications require the bus be kept within a minimum and maximum common mode bus 
voltage, but do not define how to keep the bus within this range.

The CAN bus must be terminated. The termination resistors are needed to suppress reflections as
well as return the bus to its recessive or idle state.

High-speed CAN uses a 120 Ω resistor at each end of a linear bus. Low-speed CAN uses 

resistors at each node. Other types of terminations may be used such as the Terminating Bias 
Circuit defined in ISO11783 [9]

A terminating bias circuit provides power and ground in addition to the CAN signaling on a four-
wire cable. This provides automatic electrical bias and termination at each end of each bus 
segment. An ISO11783 network is designed for hot plug-in and removal of bus segments and 
ECUs.

https://en.wikipedia.org/wiki/File:ISO11898-3_Waveform.svg
https://en.wikipedia.org/wiki/Signal_reflection
https://en.wikipedia.org/wiki/ISO_11783
https://en.wikipedia.org/wiki/CAN_bus#cite_note-9
https://en.wikipedia.org/wiki/CAN_bus#cite_note-9
https://en.wikipedia.org/wiki/Electric_power
https://en.wikipedia.org/wiki/Biasing_(electronics)
https://en.wikipedia.org/wiki/Electrical_termination
https://en.wikipedia.org/wiki/Network_segment
https://en.wikipedia.org/wiki/Network_segment
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 Nodes

Fig 3.17 CANbus Node

Each node requires a

 Central processing unit, microprocessor, or host processor

o The host processor decides what the received messages mean and what messages it 
wants to transmit.

o Sensors, actuators and control devices can be connected to the host processor.

 CAN controller; often an integral part of the microcontroller

o Receiving: the CAN controller stores the received serial bits from the bus until an entire 
message is available, which can then be fetched by the host processor (usually by the 
CAN controller triggering an interrupt).

o Sending: the host processor sends the transmit message(s) to a CAN controller, which 
transmits the bits serially onto the bus when the bus is free.

 Transceiver Defined by ISO 11898-2/3 Medium Access Unit [MAU] standards

o Receiving: it converts the data stream from CANbus levels to levels that the CAN 
controller uses. It usually has protective circuitry to protect the CAN controller.

o Transmitting: it converts the data stream from the CAN controller to CANbus levels.

Each node is able to send and receive messages, but not simultaneously. A message 
or Frame consists primarily of the ID (identifier), which represents the priority of the message, 
and up to eight data bytes. A CRC, acknowledge slot [ACK] and other overhead are also part of 
the message. The improved CAN FD extends the length of the data section to up to 64 bytes per 
frame. The message is transmitted serially onto the bus using a non-return-to-zero (NRZ) format 
and may be 

is why some call CAN synchronous. Unfortunately the term synchronous is imprecise since the 
data are transmitted without a clock signal in an asynchronous format.

https://en.wikipedia.org/wiki/File:CAN_Node.png
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Transceiver
https://en.wikipedia.org/wiki/CAN_bus#Frames
https://en.wikipedia.org/wiki/CAN_bus#Frames
https://en.wikipedia.org/wiki/Non-return-to-zero
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The CAN specifications use the terms "dominant" bits and "recessive" bits where dominant is a 
logical 0 (actively driven to a voltage by the transmitter) and recessive is a logical 1 (passively 
returned to a voltage by a resistor). The idle state is represented by the recessive level (Logical 1).
If one node transmits a dominant bit and another node transmits a recessive bit then there is a 
collision and the dominant bit "wins". This means there is no delay to the higher-priority 
message, and the node transmitting the lower priority message automatically attempts to re-
transmit six bit clocks after the end of the dominant message. This makes CAN very suitable as a
real-time prioritized communications system.

The exact voltages for a logical 0 or 1 depend on the physical layer used, but the basic principle 
of CAN requires that each node listen to the data on the CAN network including the transmitting 
node(s) itself (themselves). If a logical 1 is transmitted by all transmitting nodes at the same time,
then a logical 1 is seen by all of the nodes, including both the transmitting node(s) and receiving 
node(s). If a logical 0 is transmitted by all transmitting node(s) at the same time, then a logical 0 
is seen by received by all nodes.

The devices that are connected by a CAN network are typically sensors, actuators, and other 
control devices. These devices are connected to the bus through a host processor, a CAN 
controller, and a CAN transceiver.

3.11.2  Data transmission:

CAN data transmission uses a lossless bitwise arbitration method of contention resolution. This 
arbitration method requires all nodes on the CAN network to be synchronized to sample every 
bit on the CAN network at the same time. This all nodes. If a logical 0 is being transmitted by 
one or more nodes, and a logical 1 is being transmitted by one or more nodes, then a logical 0 is 
seen by all nodes including the node(s) transmitting the logical 1. When a node transmits a 
logical 1 but sees a logical 0, it realizes that there is a contention and it quits transmitting. By 
using this process, any node that transmits a logical 1 when another node transmits a logical 0 
"drops out" or loses the arbitration. A node that loses arbitration re-queues its message for later 
transmission and the CAN frame bit-stream continues without error until only one node is left 
transmitting. This means that the node that transmits the first 1 loses arbitration. Since the 11 (or 
29 for CAN 2.0B) bit identifier is transmitted by all nodes at the start of the CAN frame, the 
node with the lowest identifier transmits more zeros at the start of the frame, and that is the node 
that wins the arbitration or has the highest priority.

For example, consider an 11-bit ID CAN network, with two nodes with IDs of 15 (binary 
representation, 00000001111) and 16 (binary representation, 00000010000). If these two nodes 
transmit at the same time, each will first transmit the start bit then transmit the first six zeros of 
their ID with no arbitration decision being made.

https://en.wikipedia.org/wiki/Sensors
https://en.wikipedia.org/wiki/Actuators
https://en.wikipedia.org/wiki/Central_processing_unit
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Start
Bit

ID Bits

The Rest of the Frame

10 9 8 7 6 5 4 3 2 1 0

Node 15 0 0 0 0 0 0 0 0 1 1 1 1

Node 16 0 0 0 0 0 0 0 1 Stopped Transmitting

CAN Data 0 0 0 0 0 0 0 0 1 1 1 1

Table 1   11 bit ID CAN network

When the 7th ID bit is transmitted, the node with the ID of 16 transmits a 1 (recessive) for its ID,
and the node with the ID of 15 transmits a 0 (dominant) for its ID. When this happens, the node 
with the ID of 16 knows it transmitted a 1, but sees a 0 and realizes that there is a collision and it 
lost arbitration. Node 16 stops transmitting which allows the node with ID of 15 to continue its 
transmission without any loss of data. The node with the lowest ID will always win the 
arbitration, and therefore has the highest priority.

Bit rates up to 1 Mbit/s are possible at network lengths below 40 m. Decreasing the bit rate 
allows longer network distances (e.g.,500 m at 125 kbit/s). The improved CAN FD standard 
allows increasing the bit rate after arbitration and can increase the speed of the data section by a 
factor of up to ten or more of the arbitration bit rate.

3.11.3 ID allocation:

Message IDs must be unique [10]  on a single CAN bus, otherwise two nodes would continue 
transmission beyond the end of the arbitration field (ID) causing an error.

In the early 1990s, the choice of IDs for messages was done simply on the basis of identifying 
the type of data and the sending node; however, as the ID is also used as the message priority, 
this led to poor real-time performance. In those scenarios, a low CAN bus use of around 30% 
was commonly required to ensure that all messages would meet their deadlines. However, if IDs 
are instead determined based on the deadline of the message, the lower the numerical ID and 

https://en.wikipedia.org/wiki/Bit_rate
https://en.wikipedia.org/wiki/Megabit_per_second
https://en.wikipedia.org/wiki/Kilobit_per_second
https://en.wikipedia.org/wiki/CAN_bus#cite_note-10
https://en.wikipedia.org/wiki/CAN_bus#cite_note-10
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hence the higher the message priority, then bus use of 70 to 80% can typically be achieved before
any message deadlines are missed.

3.11.4 Bit timing:

All nodes on the CAN network must operate at the same nominal bit rate, but noise, phase shifts,
oscillator tolerance and oscillator drift mean that the actual bit rate may not be the same as the 
nominal bit rate.[11]  Since a separate clock signal is not used, a means of synchronizing the nodes 
is necessary. Synchronization is important during arbitration since the nodes in arbitration must 
be able to see both their transmitted

 data and the other nodes' transmitted data at the same time. Synchronization is also important to 
ensure that variations in oscillator timing between nodes do not cause errors.

Synchronization starts with a hard synchronization on the first recessive to dominant transition 
after a period of bus idle (the start bit). Resynchronization occurs on every recessive to dominant
transition during the frame. The CAN controller expects the transition to occur at a multiple of 
the nominal bit time. If the transition does not occur at the exact time the controller expects it, 
the controller adjusts the nominal bit time accordingly.

The adjustment is accomplished by dividing each bit into a number of time slices called quanta, 
and assigning some number of quanta to each of the four segments within the bit: 
synchronization, propagation, phase segment 1 and phase segment 2.

Fig 3.18 CAN bit timing

The number of quanta the bit is divided into can vary by controller, and the number of quanta 
assigned to each segment can be varied depending on bit rate and network conditions.

A transition that occurs before or after it is expected causes the controller to calculate the time 
difference and lengthen phase segment 1 or shorten phase segment 2 by this time. This 
effectively adjusts the timing of the receiver to the transmitter to synchronize them. This 
resynchronization process is done continuously at every recessive to dominant transition to 
ensure the transmitter and receiver stay in sync. Continuously resynchronizing reduces errors 
induced by noise, and allows a receiving node that was synchronized to a node which lost 
arbitration to resynchronize to the node which won arbitration.

3.11.5 Layers:

The CAN protocol, like many networking protocols, can be decomposed into the 
following abstraction layers:

 Application layer

https://en.wikipedia.org/wiki/CAN_bus#cite_note-11
https://en.wikipedia.org/wiki/CAN_bus#cite_note-11
https://en.wikipedia.org/wiki/File:CAN_Bit_Timing2.svg
https://en.wikipedia.org/wiki/Abstraction_layer
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 Object layer

 Message filtering

 Message and status handling
 Transfer layer

Most of the CAN standard applies to the transfer layer. The transfer layer receives messages 
from the physical layer and transmits those messages to the object layer. The transfer layer is 
responsible for bit timing and synchronization, message framing, arbitration, acknowledgement, 
error detection and signaling, and fault confinement. It performs:

 Fault Confinement

 Error Detection

 Message Validation

 Acknowledgement

 Arbitration

 Message Framing

 Transfer Rate and Timing

 Information Routing
Physical layer

Fig 3.19 CAN bus electrical sample topology with terminator resistors

CAN bus (ISO 11898-1:2003) originally specified the link layer protocol with only abstract 
requirements for the physical layer, e.g., asserting the use of a medium with multiple-access at 

https://en.wikipedia.org/wiki/File:CAN-Bus_Elektrische_Zweidrahtleitung.svg
https://en.wikipedia.org/wiki/ISO_11898
https://en.wikipedia.org/wiki/Link_layer
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the bit level through the use of dominant and recessive states. The electrical aspects of the 
physical layer (voltage, current, number of conductors) were specified in ISO 11898-2:2003, 
which is now widely accepted. However, the mechanical aspects of the physical layer (connector 
type and number, colors, labels, pin-outs) have yet to be formally specified. As a result, an 
automotive ECU will typically have a particular—often custom—connector with various sorts of

cables, of which two are the CAN bus lines. Nonetheless, several de facto standards for 
mechanical implementation have emerged, the most common being the 9-pin D-sub type male 
connector with the following pin-out:

 pin 2: CAN-Low (CAN−)

 pin 3: GND (Ground)

 pin 7: CAN-High (CAN+)

 pin 9: CAN V+ (Power)

Fig 3.20 A male DE-9 connector (Plug).

This de facto mechanical standard for CAN could be implemented with the node having both 
male and female 9-pin D-sub connectors electrically wired to each other in parallel within the 
node. Bus power is fed to a node's male connector and the bus draws power from the node's 
female connector. This follows the electrical engineering convention that power sources are 
terminated at female connectors. Adoption of this standard avoids the need to fabricate custom 
splitters to connect two sets of bus wires to a single D connector at each node. Such nonstandard 
(custom) wire harnesses (splitters) that join conductors outside the node reduce bus reliability, 
eliminate cable interchangeability, reduce compatibility of wiring harnesses, and increase cost.

The absence of a complete physical layer specification (mechanical in addition to electrical) 
freed the CAN bus specification from the constraints and complexity of physical implementation.
However it left CAN bus implementations open to interoperability issues due to mechanical 
incompatibility. In order to improve interoperability, many vehicle makers have generated 
specifications describing a set of allowed CAN transceivers in combination with requirements on
the parasitic capacitance on the line. The allowed parasitic capacitance includes both capacitors 
as well as ESD protection (ESD[12]  against ISO 7637-3). In addition to parasitic capacitance, 12V
and 24V systems do not have the same requirements in terms of line maximum voltage. Indeed, 
during jump start events light vehicles lines can go up to 24V while truck systems can go as high
as 36V. New solutions are coming on the market allowing to use same component for CAN as 
well as CAN FD (see [13] ).

https://en.wikipedia.org/wiki/ISO_11898
https://en.wikipedia.org/wiki/D-subminiature
https://en.wikipedia.org/wiki/D-subminiature
https://en.wikipedia.org/wiki/File:9_pin_d-sub_connector_male_closeup.jpg
https://en.wikipedia.org/wiki/De_facto
https://en.wikipedia.org/wiki/CAN_bus#cite_note-12
https://en.wikipedia.org/wiki/CAN_bus#cite_note-12
https://en.wikipedia.org/wiki/CAN_FD
https://en.wikipedia.org/wiki/CAN_bus#cite_note-13
https://en.wikipedia.org/wiki/CAN_bus#cite_note-13
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Noise immunity on ISO 11898-2:2003 is achieved by maintaining the differential impedance of 
the bus at a low level with low-value resistors (120 ohms) at each end of the bus. However, when
dormant, a low-impedance bus such as CAN draws more current (and power) than other voltage-
based signaling busses. On CAN bus systems, balanced line operation, where current in one 
signal line is exactly balanced by current in the opposite direction in the other signal provides an 
independent, stable 0 V reference for the receivers. Best practice determines that CAN bus 
balanced pair signals be carried in twisted pair wires in a shielded cable to minimize RF emission
and reduce interference susceptibility in the already noisy RF environment of an automobile.

ISO 11898-2 provides some immunity to common mode voltage between transmitter and 
receiver by having a 0 V rail running along the bus to maintain a high degree of voltage 
association between the nodes. Also, in the de facto mechanical configuration mentioned above, 
a supply rail is included to distribute power to each of the transceiver nodes. The design provides
a common supply for all the transceivers. The actual voltage to be applied by the bus and which 
nodes apply to it are application-specific and not formally specified. Common practice node 
design provides each node with transceivers which are optically isolated from their node host and
derive a 5 V linearly regulated supply voltage for the transceivers from the universal supply rail 
provided by the bus. This usually allows operating margin on the supply rail sufficient to allow 
interoperability across many node types. Typical values of supply voltage on such networks are 7
to 30 V. However, the lack of a formal standard means that system designers are responsible for 
supply rail compatibility.

ISO 11898-2 describes the electrical implementation formed from a multi-dropped single-ended 
balanced line configuration with resistor termination at each end of the bus. In this configuration 
a dominant state is asserted by one or more transmitters switching the CAN− to supply 0 V and 

(simultaneously) switching CAN+ to the +5 V bus voltage thereby forming a current path 
through the resistors that terminate the bus. As such the terminating resistors form an essential 
component of the signalling system and are included not just to limit wave reflection at high 
frequency.

During a recessive state the signal lines and resistor(s) remain in a high impedances state with 
respect to both rails. Voltages on both CAN+ and CAN− tend (weakly) towards a voltage 

midway between the rails. A recessive state is present on the bus only when none of the 
transmitters on the bus is asserting a dominant state.

During a dominant state the signal lines and resistor(s) move to a low impedance state with 
respect to the rails so that current flows through the resistor. CAN+ voltage tends to +5 V and 
CAN− tends to 0 V.

Irrespective of signal state the signal lines are always in low impedance state with respect to one 
another by virtue of the terminating resistors at the end of the bus.

This signalling strategy differs significantly from other balanced line transmission technologies 
such as RS-422/3, RS-485, etc. which employ differential line drivers/ receivers and use a 
signalling system based on the differential mode voltage of the balanced line crossing a notional 
0 V. Multiple access on such systems normally relies on the media supporting three states (active
high, active low and inactive tri-state) and is dealt with in the time domain. Multiple access on 
CAN bus is achieved by the electrical logic of the system supporting just two states that are 
conceptually analogous to a ‘wired AND’ network.

When TEC or REC is greater than 127 and lesser than 255, a Passive Error frame will be 
transmitted on the bus.

https://en.wikipedia.org/wiki/ISO_11898
https://en.wikipedia.org/wiki/Balanced_line
https://en.wikipedia.org/wiki/Twisted_pair
https://en.wikipedia.org/wiki/ISO_11898
https://en.wikipedia.org/wiki/ISO_11898
https://en.wikipedia.org/wiki/RS-422
https://en.wikipedia.org/wiki/RS-485


43

When TEC and REC is lesser than 128, an Active Error frame will be transmitted on the bus.

When TEC is greater than 255, then the node enters into Bus Off state, where no frames will be 
transmitted.

3.12 LIGHT EMITTING DIODE:

A light-emitting diode (LED) is a semiconductor light source that emits light when current flows 
through it. Electrons in the semiconductor recombine with electron holes, releasing energy in the 
form of photons. The color of the light (corresponding to the energy of the photons) is 
determined by the energy required for electrons to cross the band gap of the 
semiconductor.[5]  White light is obtained by using multiple semiconductors or a layer of light-
emitting phosphor on the semiconductor device.[6]

Fig 3.21 light emitting diode

Appearing as practical electronic components in 1962, the earliest LEDs emitted low-intensity 
infrared light.[7]  Infrared LEDs are used in remote-control circuits, such as those used with a 
wide variety of consumer electronics. The first visible-light LEDs were of low intensity and 
limited to red. Modern LEDs are available across the visible, ultraviolet, 
and infrared wavelengths, with high light output.

Early LEDs were often used as indicator lamps, replacing small incandescent bulbs, and 
in seven-segment displays. Recent developments have produced high-output white light LEDs 
suitable for room and outdoor area lighting. LEDs have led to new displays and sensors, while 
their high switching rates are useful in advanced communications technology.

LEDs have many advantages over incandescent light sources, including lower energy 
consumption, longer lifetime, improved physical robustness, smaller size, and faster switching. 
LEDs are used in applications as diverse as aviation lighting, automotive headlamps, 
advertising, general lighting, traffic signals, camera flashes, lighted wallpaper, horticultural grow
lights, and medical devices.[8]

Unlike a laser, the light emitted from an LED is neither spectrally coherent nor even 
highly monochromatic. However, its spectrum is sufficiently narrow that it appears to the human 
eye as a pure (saturated) color.[9] [10]  Also unlike most lasers, its radiation is not spatially coherent,
so it cannot approach the very high brightnesses characteristic of lasers.
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https://en.wikipedia.org/wiki/Light-emitting_diode#cite_note-6
https://en.wikipedia.org/wiki/Light-emitting_diode#cite_note-FirstPracticalLED-7
https://en.wikipedia.org/wiki/Light-emitting_diode#cite_note-FirstPracticalLED-7
https://en.wikipedia.org/wiki/Remote-control
https://en.wikipedia.org/wiki/Visible_spectrum
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Seven-segment_display
https://en.wikipedia.org/wiki/Navigation_light#Aviation_navigation_lights
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https://en.wikipedia.org/wiki/Spectrum#Electromagnetic_spectrum
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3.13 LIQUID CRYSTAL DISPLAY:

A liquid-crystal display (LCD) is a flat-panel display or other electronically modulated optical 
device that uses the light-modulating properties of liquid crystals combined with polarizers. 
Liquid crystals do not emit light directly,[1]  instead using a backlight or reflector to produce 
images in color or monochrome.[2]  LCDs are available to display arbitrary images (as in a 
general-purpose computer display) or fixed images with low information content, which can be 
displayed or hidden, such as preset words, digits, and seven-segment displays, as in a digital 
clock. They use the same basic technology, excep 

t that arbitrary images are made from a matrix of small pixels, while other displays have larger 
elements. LCDs can either be normally on (positive) or off (negative), depending on the polarizer 
arrangement. For example, a character positive LCD with a backlight will have black lettering on
a background that is the color of the backlight, and a character negative LCD will have a black 
background with the letters being of the same color as the backlight. Optical filters are added to 
white on blue LCDs to give them their characteristic appearance.

Fig 3.22 liquid crystal display

https://en.wikipedia.org/wiki/Flat_panel_display
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3.13.1 Pin Configuration

Pin 
Description:

Function Name 

1                                            Ground (0V) Ground 
2 Supply voltage; 5V 

(4.7V – 5.3V) 

Vcc 

3 Contrast adjustment; 
through a variable 
resistor 

VEE 

4 Selects command 
register when low; 
and data register 
when high 

Register Select 

5 Low to write to the 
register; High to read 
from the register 

Read/write 

6 Sends data to data 
pins when a high to 
low pulse is given 

Enable 

7 8-bit data pins DB0 

8 DB1 
9 DB2 
10 DB3 
11 DB4 
12 DB5 
13 DB6 
14 DB7 
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15 Backlight VCC (5V) Led+ 
16 Backlight Ground 

(0V) 
Led- 

Table 2 pin configuration of lcd display

3.13.2 Features of 16×2 LCD module

 Operating Voltage is 4.7V to 5.3V
 Current consumption is 1mA without backlight
 Alphanumeric LCD display module, meaning can display alphabets and numbers
 Consists of two rows and each row can print 16 characters.
 Each character is build by a 5×8 pixel box
 Can work on both 8-bit and 4-bit mode
 It can also display any custom generated characters
 Available in Green and Blue Backlight

3.14 POWER SUPPLY

 The Power Supply is a Primary requirement for the project work. The required DC power 

supply for the base u nit as well as for the recharging unit is derived from the mains line. For this 

purpose centre tapped secondary of 12V-012V transformer is used. From this transformer we 

getting 5V power supply. In this +5V output is a regulated output and it is designed using 7805 

positive voltage regulator. This is a 3 Pin voltage regulator, can deliver current up to 800 

milliamps. Rectification is a process of rendering an alternating current or voltage into a 

unidirectional one. The component used for rectification is called  Rectifier. A rectifier allows its 

current to flow only during positive half cycles of the applied AC voltage. Thus, pulsating DC is 

obtained to obtain smooth DC power additional filter circuits required.
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Fig 3.23 Power Supply Block Diagram

Components used are as follows:

(a) Capacitors 

      (i) 100μF/25v for +12v 

      (ii) 2200μF/25v

(b) Step down transformer

      (i) 230v / 12v- 0 -12v/ 500mA Transformer 

(c) Diodes: 1N4007

Fig 3.24 Full Wave Rectifier Circuit Diagram

A diode can be used as rectifier. There are various types of diodes. However, semiconductor 

diodes are very popularly used as rectifiers. A semiconductor diode is a solid state device 

consisting of two elements is being an electron emitter or cathode, the other an electron collector  
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or anode. Since electrons in a semiconductor diode can flow in one direction only-form emitter 

to collector-the diode provides the unilateral conduction necessary for rectification. The rectified 

Output is filtered for smoothening the DC, for this purpose capacitor is used in the filter circuit. 

The filter capacitors are usually connected in parallel with the rectifier output and the load. The 

AC can pass through a capacitor but DC cannot, the ripples are thus limited and the output 

becomes smoothed. When the voltage across the capacitor plates tends to rise, it stores up energy 

back into voltage and current. Thus, the fluctuation in the output voltage is reduced considerable.

3.14.1 Regulator (LM7805)

 A variable regulated power supply, also called a variable bench power supply, is one 

where you can continuously adjust the output voltage to your requirements. Varying the output 

of the power supply is the recommended way to test a project after having double checked 

parts placement against circuit drawings and the parts placement guide. This type of regulation 

is ideal for having a simple variable bench power supply. Actually this is quite important 

because one     of the first projects a hobbyist should undertake is the construction of a variable 

regulated power supply. While a dedicated supply is quite handy e.g. 5V or 12V, it‘s much 

handier to have a variable supply on hand, especially for testing. Most digital logic circuits and 

processors need a 5 volt power supply. To use these parts we need to build a regulated 5 volt 

source. Usually you start with an unregulated power supply ranging from 9 volts to 24 volts 

DC (A 12 volt power supply is included with the Beginner Kit and the Microcontroller 

Beginner Kit.). To make a 5 volt power supply, we use a LM7805 voltage regulator  IC  

(Integrated Circuit). The IC is shown below.

Fig 3.25  Regulator (LM7805)

3.14.2 Features
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 Output Current up to 1A

 Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V

 Thermal Overload Protection

 Short Circuit Protection

 Output Transistor Safe Operating Area Protection

 The LM7805 is simple to use. You simply connect the positive lead of your unregulated 

DC power supply (anything from 9VDC to 24VDC) to the Input pin, connect the negative lead 

to the Common pin and then when you turn on the power, you get a 5 volt supply from the 

Output pin.
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CHAPTER -4

4.1CIRCUIT DIAGRAM:

Fig 4.1 Schematic diagram
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4.2 OPERATION:

It is an embedded project and has the microcontroller as controlling controller. The temperature 
sensor maintains the temperature at the specified level. Light sensor is used to sense the Light 
and smoke sensor used to sense the smoke. According to the Sensors the controller will activate 
through ADC and gives to the CAN transceiver. It transmits and CAN transceiver receives and 
gives to microcontroller. It displays the data in the LCD.

       It consists of two circuits one is Transmission section and other is Recevier  section. It 
consists of two LCD displays of(16*2),two CAN transceiver,two microcontrollers. It consists of 
three sections .First section all the sensors which are temperature sensor(LM35) ,light dependent 
resistor(LDR) ,gas sensor(MQ135) will senses the temperature  smoke and light intensity at the 
transmiting end and this will data will be displayed in the LCD display on transmitting end.

               Second section this data will be transmitted to the receiving end through the can 
bus.Finally by this data the parameters will operate such as SPPM fan for temperature ,buzzer 
for smoke and led for light intensity.Whatever may be data that has been transimitted from the
transmitter same will be displayed on receiving end lcd display.

          The microcontroller was will check the temperature and smoke and intensity of light 
and it will check with the minimum values which were setted in coding using FOR loop. And 
the data will be displayed in the lcd display in the transmitting section. After the data will be 
transmitted to receiving side by using    CAN high and low bus to the receiver CAN bus .This 
data will be read by microcontroller according to the fault the parameters will operate and The
same data will be displayed on receiver side.
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4.3 CODE:

4.3.1 Transmitter code
#include <SPI.h>
#include <mcp_can.h>
#include <LiquidCrystal.h>
LiquidCrystal lcd(7,6,2,3,4,5);
const int spiCSPin = 10;
int ledHIGH    = 1;
int ledLOW     = 0;
MCP_CAN CAN(spiCSPin);

void setup()
{
    Serial.begin(115200);
    lcd.begin(16, 2);
    lcd.setCursor(0,0);
   lcd.print("  SPI-CAN BUS   ");
   lcd.setCursor(0,1);
   lcd.print("   Industrial   ");
   delay(3000);
   lcd.clear();
   lcd.setCursor(0,0);
   lcd.print("   MONITORING  ");
   lcd.setCursor(0,1);
   lcd.print("***  SYSTEM  ***");
   delay(3000);
    while (CAN_OK != CAN.begin(CAN_500KBPS))
    {
        Serial.println("CAN BUS init Failed");
        delay(100);
    }
    Serial.println("CAN BUS Shield Init OK!");
lcd.clear();
lcd.setCursor(0,0);
lcd.print("T:    C  L:    %");
lcd.setCursor(0,1);
lcd.print("SMOKE:      PPM ");

}
unsigned char temp[9] = {0,0,0,0,0,0,0,0,0};
void loop()
{
     
unsigned int val=0;
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for(int i = 0; i < 10; i++) {
val += analogRead(0);
delay(500);
}
int lm35 = val*50.0f/1023.0f;
  temp[0]=(lm35/100)%10;
  temp[1]=(lm35/10)%10;
  temp[2]=lm35%10;
  lcd.setCursor(2,0);
  lcd.print(temp[0]);
  lcd.print(temp[1]);
  lcd.print(temp[2]);
 
  
  int smoke=analogRead(1);
  smoke=map(smoke,0,1023,0,100);
  temp[3]=(smoke/100)%10;
  temp[4]=(smoke/10)%10;
  temp[5]=smoke%10;
  lcd.setCursor(6,1);
  lcd.print(temp[3]);
  lcd.print(temp[4]);
  lcd.print(temp[5]);
  
  int light=analogRead(2);
  light=map(light,0,1023,0,100);
  temp[6]=(light/100)%10;
  temp[7]=(light/10)%10;
  temp[8]=light%10;
  lcd.setCursor(11,0);
  lcd.print(temp[6]);
  lcd.print(temp[7]);
  lcd.print(temp[8]);
 
  CAN.sendMsgBuf(0x48, 0, 9, temp);
  delay(10);
}
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4.3.2 Recevier code:
const int bzr=A0;
const int rly= A1;
const int led=9;
#include <SPI.h>
#include "mcp_can.h"
#include <LiquidCrystal.h>
LiquidCrystal lcd(7,6,2,3,4,5);
const int spiCSPin = 10;
MCP_CAN CAN(spiCSPin);

void setup()
{
    Serial.begin(115200);
    pinMode(led,OUTPUT);
    pinMode(rly,OUTPUT);
    pinMode(bzr,OUTPUT);
   lcd.begin(16, 2);
    lcd.setCursor(0,0);
   lcd.print("  SPI-CAN BUS   ");
   lcd.setCursor(0,1);
   lcd.print("   Industrial   ");
   delay(3000);
   lcd.clear();
   lcd.setCursor(0,0);
   lcd.print("   MONITORING  ");
   lcd.setCursor(0,1);
   lcd.print("***  SYSTEM  ***");
   delay(3000);
    
    pinMode(9,OUTPUT);

    while (CAN_OK != CAN.begin(CAN_500KBPS))
    {
        Serial.println("CAN BUS Init Failed");
        delay(100);
    }
    Serial.println("CAN BUS  Init OK!");
    
lcd.clear();
lcd.setCursor(0,0);
lcd.print("T:    C  L:    %");
lcd.setCursor(0,1);
lcd.print("SMOKE:    PPM  ");
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}

void loop()
{
    unsigned char len = 0;
    unsigned char buf[9];

    if(CAN_MSGAVAIL == CAN.checkReceive())
    {
        CAN.readMsgBuf(&len, buf);
        unsigned long canId = CAN.getCanId();
        Serial.print("Data from ID: 0x");
        Serial.println(canId, HEX);
        

        
            lcd.setCursor(2,0);
            lcd.print(buf[0]);
            lcd.print(buf[1]);
            lcd.print(buf[2]);
            lcd.setCursor(6,1);
            lcd.print(buf[3]);
            lcd.print(buf[4]);
            lcd.print(buf[5]);
            lcd.setCursor(11,0);
            lcd.print(buf[6]);
            lcd.print(buf[7]);
            lcd.print(buf[8]);
            if((buf[1]>=3)&&(buf[2]>=5))
            {
                digitalWrite(rly,1 );
                delay(500);
            }
            else if((buf[4]>=5)&&(buf[5]>=0))
            {
            digitalWrite(bzr,1 );
                delay(500);
            }
            else if((buf[7]<=2)&&(buf[8]<=0))
            {
            digitalWrite(led,1 );
            delay(500);
            }
            else 
            {
             digitalWrite(led,0);
             digitalWrite(rly,0);
             digitalWrite(bzr,0);
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            }
        
        
        delay(500);
   }
   delay(500);
}
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CHAPTER-5
5.1 ADVANTAGES:

 Low cost

 High error checking

 Accidents will be reduced

 Automatic control during emergency condition

5.2 DISADVANTAGES:
 CAN bus supports maximum length of 40 meters.

 Unemployement will be increased

5.3 APPLICATIONS:
 Multipoint weighs scales   

 Pressure monitoring

 Control surface transducer readings
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CHAPTER-6
CONCLUSION:
     This CAN based industrial monitoring system verifies that such a system can be used in a 

industries. We describe the structure of a CAN  based industrial monitoring system and the 

design method of the CAN. Because the characteristics offered by the CAN communication 

protocol, the projected system have offered good conditions so that smart subsystems have 

communicated. The communication among the nodes and between CAN controller and the micro 

converter was quite efficient and robust, by providing reliability on the information. It is 

intended in future works, to increase the number of CAN nodes on the bus, using DSPs (Digital 

Signal Processor) and devices with interface TCP/IP for control and remote monitoring of the 

network via internet to acquire data using other conventional sensors, as pressure and humidity 

sensors and to apply to network in more complex systems.
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RESULTS:

Result of project
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PROJECT PROFORMA

Classification  of Project

Application Product Research Review


Note: Tick Appropriate category. 

Project Outcomes
Outcome 1 Use new tools.
Outcome 2 Work as an individual and in a team
Outcome 3 Analyze critically.
Outcome 4 Identify and solve problems.

Mapping Table
Project

Outcomes
Programme Outcomes (POs) PSOs

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2
Outcome

1
2 2 2 1 3 2 3 2 1 1 3 2 2 2

Outcome
2

2 2 2 1 1 3 2 1 3 3 2 2 2 2

Outcome
3

2 3 3 3 2 2 1 1 1 2 3 3 2 3

Outcome
4

3 2 3 3 3 2 1 2 1 1 1 1 3 2

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based   
  on level of mapping as follows:
1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped

Programme Outcomes: 
1.  Engineering knowledge:  Apply the knowledge of mathematics, science, engineering 
fundamentals and an engineering specialization for the solution of complex engineering 
problems.
2.  Problem analysis:  Identify, formulate, research literature, and analyze complex   engineering 
problems reaching substantiated conclusion s using first principles of   mathematics, natural 
sciences, and engineering sciences.
3.  Design/development of solutions:  Design solutions for complex engineering problems and 
design system components or processes that meet the specified needs with appropriate  
consideration for public health and safety, and cultural, societal, and environmental  
considerations.
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4.   Conduct investigations of complex problems:  Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data,  and 
synthesis of t h e information to provide valid conclusions.
5.  Modern tool usage:  Create, select, and apply appropriate techniques, resources, and  Modern 
engineering and IT tools, including prediction and modeling to complex engineering activities, 
with an understanding of the limitations.
6.  The engineer and society:  Apply reasoning informed by the contextual knowledge to  assess 
societal, health, safety, legal, and cultural issues and the consequent responsibilities relevant to 
the professional engineering practice.
7.  Environment and sustainability:  Understand the impact of the professional engineering 
solutions in societal and environmental contexts, and  demonstrate the knowledge of,   and need 
for sustainable development.
8 . Ethics:  Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice.
9.  Individual and team work:  Function effectively as an individual, and as a member or 
leader in diverse teams, and in multidisciplinary settings
10.  Communication:  Communicate effectively on complex engineering activities with the 
engineering community and with the society at large, such as, being able to   comprehend and 
write effective reports and design documentation, make effective   presentations, and give and 
receive clear instructions.
11.  Project management and finance:  Demonstrate knowledge and understanding of the 
engineering and management principles and apply these to one’s own work, as amember and 
leader in a team, to manage projects and in multidisciplinary  environments.
12.  Life-long learning:  Recognizes the need for, and have the preparation and ability to   engage 
in independent and life-long learning in the broadest context of technological    change.
 
Programme Specific Outcomes(PSO):
1   Apply the knowledge of circuit design, analog & digital electronics to the field of electrical 
and electronics systems
2.  Analyze, design and develop control systems, industrial drives and power systems using 

modern tools.
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ABSTRACT: 

These days we have an increased number of heart diseases including increased risk of heart 

attacks. Our proposed system users sensors that allow to detect heart rate of a person using 

heartbeat sensing even if the person is at home. The sensor is then interfaced to a microcontroller 

that allows checking heart rate readings and transmitting them over internet. The user may set the 

high as well as low levels of heart beat limit. After setting these limits, the system starts 

monitoring and as soon as patient heart beat goes above a certain limit, the system sends an alert 

to the controller which then transmits this over the internet and alerts the doctors as well as 

concerned users. Also the system alerts for lower heartbeats. Whenever the user logs on for 

monitoring, the system also displays the live heart rate of the patient. Thus concerned ones may 

monitor heart rate as well get an alert of heart attack to the patient immediately from anywhere 

and the person can be saved on time. 

 

                           To the existence and influence, health related parameters and issues are of utmost 

importance to man. Various systems have been developed that are able to capture and monitor 

changes in health parameters. A real time remote monitoring of heart rate is presented in this 

paper. 
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                                           CHAPTER-1 

                                      INTRODUCTION 

In the new era of communication and technology, the explosive growth of electronic devices, 

smart phones and tablets which can be communicated physically or wirelessly has become the 

fundamental tool of daily life. The next generation of connected world isInternet of Things (IoT) 

which connects devices, sensors, appliances, vehicles and other “things”. The things or objects 

may include the radio-frequency identification (RFID) tag, mobile phones, sensors, actuators and 

much more. With the help of IoT, we connect anything, access from anywhere and anytime, 

efficiently access any service and information about any object. The aim of IoT is to extend the 

benefits of Internet with remote control ability, data sharing, constant connectivity and so on. 

Using an embedded sensor which is always on and collecting data, all the devices would be tied 

to local and global networks. 

                 Due to the latest technology, small wireless solutions which are connected to IoT can 

make it possible to monitor patients remotely instead of visiting the physical hospital. A variety 

of sensors which are attached to the body of a patient can be used to get health data securely, and 

the collected data can be analyzed (by applying some relevant algorithms) and sent to the server 

using different transmission media (3G/4G)  with base stations or Wi-Fi which is connected to 

the Internet). 

                This paper aims at reduction in number of deaths due to heart attack and heart related 

diseases. The design uses low cost effective IOT  heart rate monitoring and alert system. The 

system can be used in hospitals and for patients who are under continuous monitoring. The heart 

attack detection by monitoring  the heart rate, helps to inform a person if he is about to have heart 

attack. The system uses transmitting and receiving  parts of which the transmitter is with the 

patient and the receiver is with doctor or nurse. The system uses smart sensor which converts the 

heart beat into pulses. When the controller detects heart failure or heart attack, it sends signals to 

cell phone contained with the doctor. 
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                                                                CHAPTER-2 

                                   INTERNET OF THINGS 

                   The interconnection of these embedded devices (including  smart objects), is 

expected to usher in automation in nearly all fields, while The Internet of things (stylised Internet 

of Things or IoT) is the internetworking of physical devices, vehicles (also referred to as 

"connected devices" and  "smart devices"), buildings and other items—embedded with 

electronics ,software, sensors, actuators, and  network connectivity that enable these objects to 

collect and exchange data. In 2013 the Global Standards Initiative on Internet of Things (IoT-

GSI) defined the IoT as "the infrastructure of the information society." The IoT allows objects to 

be sensed and/or controlled remotely across existing network infrastructure, creating 

opportunities for more direct integration of the physical world into computer-based systems, and 

resulting in improved efficiency, accuracy and economic benefit. 

                      When IoT is augmented with sensors and actuators, the technology becomes an 

instance of the more general class of cyber-physical systems,which also encompasses 

technologies such as  smart grids, smart homes, intelligent transportation and  smart cities. Each 

thing is uniquely identifiable through its embedded computing system but is able to interoperate 

within the existing Internet infrastructure. Experts estimate that the IoT will consist of almost 50 

billion objects by 2020.Typically, IoT is expected to offer advanced connectivity of devices, 

systems, and services that goes beyond machine-to-machine (M2M) communications and covers 

a variety of protocols, domains, and applications.  

also enabling advanced applications like a  smart grid, and expanding to the areas such as  smart 

cities . "Things," in the IoT sense, can refer to a wide variety of devices such as heart monitoring 

implants,  biochip transponders on farm animals, electric clams in coastal waters, automobiles 

with built-in sensors, DNA analysis devices for environmental/food/pathogen monitoring or field 

operation devices that assist firefighters in  search and rescue operations. 

                  Legal scholars suggest looking at "Things" as an "inextricable mixture of hardware, 

software, data and service".These devices collect useful data with the help of various existing 

technologies and then autonomously flow the data between other devices. Current market 

examples include home automation(also known as smart home devices) such as the control and 

automation of lighting, heating (like smart thermostat), ventilation, air conditioning (HVAC) 

systems, and appliances such as washer/dryers, robotic vacuums, air purifiers, ovens or 

refrigerators/freezers that use Wi-Fi for remote monitoring. 
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                                                  Fig 2.1 Circuit diagram used 
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                                                            CHAPTER  3 

3.1 HEART BEAT SENSOR: 

A person’s heartbeat is the sound of the valves in his/her’s heart contracting or expanding as they 

force blood from one region to another. The number of times the heart beats per minute (BPM), 

is the heart beat rate and the beat of the heart that can be felt in any artery that lies close to the 

skin is the pulse. 

Two Ways to Measure a Heartbeat 

 Manual Way: Heart beat can be checked manually by checking one’s pulses at two locations- 

wrist (the radial pulse) and the neck (carotid pulse). The procedure is to place the two 

fingers (index and middle finger) on the wrist (or neck below the windpipe) and count the 

number of pulses for 30 seconds and then multiplying that number by 2 to get the heart beat 

rate. However pressure should be applied minimum and also fingers should be moved up and 

down till the pulse is felt. 

 Using a sensor: Heart Beat can be measured based on optical power variation as light is 

scattered or absorbed during its path through the blood as the heart beat changes. 

 

Principle of Heartbeat Sensor: 

The heartbeat sensor is based on the principle of photo phlethysmography. It measures the 

change in volume of blood through any organ of the body which causes a change in the light 

intensity through that organ (a vascular region). In case of applications where heart pulse rate is 

to be monitored, the timing of the pulses is more important. The flow of blood volume is decided 

by the rate of heart pulses and since light is absorbed by blood, the signal pulses are equivalent to 

the heart beat pulses. 

There are two types of photophlethysmography: 

Transmission: Light emitted from the light emitting device is transmitted through any vascular 

region of the body like earlobe and received by the detector. 

Reflection: Light emitted from the light emitting device is reflected by the regions. 

Working of a Heartbeat Sensor: 

The basic heartbeat sensor consists of a light emitting diode and a detector like a light detecting 

resistor or a photodiode. The heart beat pulses causes a variation in the flow of blood to different 

regions of the body.  When a tissue is illuminated with the light source, i.e. light emitted by the  
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led, it either reflects (a finger tissue) or transmits the light (earlobe). Some of the light is 

absorbed by the blood and the transmitted or the reflected light is received by the light 

detector.The amount of light absorbed depends on the blood volume in that tissue. The detector 

output is in form of electrical signal and is proportional to the heart beat rate. 

This signal is actually a DC signal relating to the tissues and the blood volume and the AC 

component synchronous with the heart beat and caused by pulsatile changes in arterial blood 

volume is superimposed on the DC signal. Thus the major requirement is to isolate that AC 

component as it is of prime importance. 

                                          

                                                    Fig 3.1.1 Working of a sensor 

To achieve the task of getting the AC signal, the output from the detector is first filtered using a 2 

stage HP-LP circuit and is then converted to digital pulses using a comparator circuit or using 

simple ADC. The digital pulses are given to a microcontroller for calculating the heat beat rate, 

given by the formula- 

BPM(Beats per minute) = 60*f   ,        Where f is the pulse frequency 

Application Developing your own Heartbeat Sensor System: 

A basic Heartbeat Sensor system can also be built using basic components like a  ldr, comparator 

IC LM358 and a Microcontroller as given below 
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                                                   Fig 3.1.2 Heart beat sensor system 

As described above regarding the principle of heart beat sensor, when the finger tissue or the 

earlobe tissue is illuminated using a light source, the light is transmitted after getting modulated 

i.e. a part getting absorbed by the blood and the rest being transmitted. This modulated light is 

received by the light detector. 

Here a Light Dependant Resistor (LDR) is used as a light detector. It works on the principle that 

when light falls on the resistor, its resistance changes. As the light intensity increases, the 

resistance decreases. Thus the voltage drop across the resistor decreases. 

Here a comparator is used which compares the output voltage from the LDR to that of the 

threshold voltage. The threshold voltage is the voltage drop across the LDR when the light with 

fixed intensity, from the light source falls directly on it. The inverting terminal of the comparator 

LM358 is connected to the potential divider arrangement which is set to the threshold voltage 

and the non inverting terminal is connected to the LDR. When a human tissue is illuminated 

using the light source, the intensity of the light reduces. As this reduced light intensity falls on 

the LDR, the resistance increases and as a result the voltage drop increases. When the voltage 

drop across the LDR or the non inverting input exceeds that of the inverting input, a logic high 

signal is developed at the output of the comparator and in case voltage drop being lesser a logic 

low output is developed. Thus the output is a series of pulses. These pulses can be fed to the 

Microcontroller which accordingly processes the information to get the heart beat rate and this is 

displayed on the Display interfaced to the Microcontroller. 

3.2   ESP8266 WI-FI MODULE: 

ESP8266 is Wi-Fi enabled system on chip (SoC) module developed by Espressif system. It is 

mostly used for development of IoT (Internet of Things) embedded applications. 
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     Fig 3.2.1 ESP8266-01 WiFi Module 

ESP8266 comes with capabilities of 

 2.4 GHz Wi-Fi (802.11 b/g/n, supporting WPA/WPA2), 

 general-purpose input/output (16 GPIO), 

 Inter-Integrated Circuit (I²C) serial communication protocol, 

 analog-to-digital conversion (10-bit ADC) 

 Serial Peripheral Interface (SPI) serial communication protocol, 

 I²S (Inter-IC Sound) interfaces with DMA(Direct Memory Access) (sharing pins with 

GPIO), 

 UART (on dedicated pins, plus a transmit-only UART can be enabled on GPIO2), and 

 pulse-width modulation (PWM). 

It employs a 32-bit RISC CPU based on the Tensilica Xtensa L106 running at 80 MHz (or over 

clocked to 160 MHz). It has a 64 KB boot ROM, 64 KB instruction RAM and 96 KB data RAM. 

External flash memory can be accessed through SPI. 

ESP8266 module is low cost standalone wireless transceiver that can be used for end-point IoT 

developments. 

To communicate with the ESP8266 module, microcontroller needs to use set of AT commands. 

Microcontroller communicates with ESP8266-01 module using UART having specified Baud 

rate. 

There are many third-party manufacturers that produce different modules based on this chip. So, 

the module comes with different pin availability options like, 

 ESP-01 comes with 8 pins (2 GPIO pins) – PCB trace antenna. (shown in above figure) 

 ESP-02 comes with 8 pins, (3 GPIO pins) – U-FL antenna connector. 

 ESP-03 comes with 14 pins, (7 GPIO pins) – Ceramic antenna. 

 ESP-04 comes with 14 pins, (7 GPIO pins) – No ant. etc. 

For example, below figure shows ESP-01 module pins 
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ESP8266-01 Module Pin Description: 

 

                                              Fig 3.2.2 ESP8266-01 Module Pins 

 

3V3: - 3.3 V Power Pin. 

GND: - Ground Pin. 

RST: - Active Low Reset Pin. 

EN: - Active High Enable Pin. 

TX: - Serial Transmit Pin of UART. 

RX: - Serial Receive Pin of UART. 

 

GPIO0 & GPIO2: - General Purpose I/O Pins. These pins decide what mode (boot or normal) 

the module starts up in. It also decides whether the TX/RX pins are used for Programming the 

module or for serial I/O purpose. 

To program the module using UART, Connect GPIO0 to ground and GPIO2 to VCC or leave it 

open. To use UART for normal Serial I/O leave both the pins open (neither VCC nor Ground). 
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                                                            CHAPTER-4 

4.1  IC Lm358:  

The IC or integrated circuit is a little black chip, it is a root of modern electronics, and also an 

essential component in many electronic circuits. The applications of integrated circuits involve in 

each and every electronic circuit board, embedded systems and various electronic projects. An 

integrated circuit is a set of various electrical and electronic components like resistors, capacitors, 

transistors. All these components are integrated onto a single chip. They are available in various 

forms like 555 timers, single circuit logic gates, microprocessors, 

 microcontrollers, voltage regulators and op-amps like IC 741, LM324 IC, LM358 IC, LM339 IC 

and many more. Please follow the below link to know more about the op-amps: Op-Amp IC pin 

configuration, working and features. 

                                                     

                                                                 Fig 4.1.1 LM358 IC 

What is LM358 IC? 

The LM358 IC is a great, low power and easy to use dual channel op-amp IC. It is designed and 

introduced by national semiconductor. It consists of two internally frequency compensated, high 

gain, independent op-amps. This IC is designed for specially to operate from a single power 

supply over a wide range of voltages. The LM358 IC is available in a chip sized package 

and applications of this op amp include conventional op-amp circuits, DC gain blocks and 

transducer amplifiers. LM358 IC is a good, standard operational amplifier and it is suitable for 

your needs. It can handle 3-32V DC supply & source up to 20mA per channel. This op-amp is 

apt, if you want to operate two separate op-amps for a single power supply. It’s available in an 8-

pin DIP package. 
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Pin Configuration of LM358 IC: 

The pin diagram of LM358 IC comprises of 8 pins, where 

 Pin-1 and pin-8 are o/p of the comparator 

 Pin-2 and pin-6 are inverting i/ps 

 Pin-3 and pin-5 are non inverting i/ps 

 Pin-4 is GND terminal 

 Pin-8 is VCC+ 

                                              

                                             Fig 4.1.2 LM358 IC Pin Configuration 

Features of LM358 IC: 

 It consists of two op-amps internally and frequency compensated for unity gain 

 The large voltage gain is 100 dB 

 Wide bandwidth is 1MHz 

 Range of wide power supplies includes single and dual power supplies 

 Range of Single power supply is from 3V to 32V 

 Range of dual power supplies is from + or -1.5V to + or -16V 

 The supply current drain is very low, i.e., 500 μA 

 2mV low i/p offset voltage 

 Common mode i/p voltage range comprises ground 

 The power supply voltage and differential i/p voltages are similar 

 o/p voltage swing is large. 

 

Advantages of LM358 IC: 

 Two operational amplifiers are compensated internally 

 Two internally compensated op amps 

 Removes the necessity of dual supplies 

 Permits direct sensing close to GND & VOUT 

 Well-suited with all methods of logic 

 Power drains appropriate for the operation of the battery 

 

 Applications: 
 

Sensor Circuits 

Small Signal Amplification 
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General Op Amp Circuits 

Audio Pre-amplifiers 

4.2 MICRO CONTROLLERS:. 

A microcontroller is a small and low-cost microcomputer, which is designed to perform the 

specific tasks of embedded systems like displaying microwave’s information, receiving remote 

signals, etc. 

The general microcontroller consists of the processor, the memory (RAM, ROM, EPROM), 

Serial ports, peripherals (timers, counters), etc. 

Types of Microcontrollers: 

Microcontrollers are divided into various categories based on memory, architecture, bits and 

instruction sets. Following is the list of their types − 

Based on bit configuration, the microcontroller is further divided into three categories. 

8-bit microcontroller − This type of microcontroller is used to execute arithmetic and logical 

operations like addition, subtraction, multiplication division, etc. For example, Intel 8031 and 

8051 are 8 bits microcontroller. 

16-bit microcontroller − This type of microcontroller is used to perform arithmetic and logical 

operations where higher accuracy and performance is required. For example, Intel 8096 is a 16-

bit microcontroller. 

32-bit microcontroller − This type of microcontroller is generally used in automatically 

controlled appliances like automatic operational machines, medical appliances, etc. 

                                    

                                                        

                                                                 Fig 4.2.1 Types of MCs 

Key Features of Microcontrollers: 

In order to be able to determine which microcontroller will work the best with your application, 

you’ll need to know some of the key features of microcontrollers and what they do. Below are 

some of the specs that you’ll encounter and need to make sense of when looking at a data sheet 

for an MCU: 

Bits: Microcontrollers are typically sold by the number of bits that they offer. This impacts the 
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speed at which they are able to perform non-trivial computations. 

RAM: RAM is a fast-access memory that does not retain data in an absence of power. All MCUs 

come with certain amounts of RAM, which allows your microcontroller to quickly perform 

various actions. The more you have, the better, but the added RAM increases the cost of the 

MCU. 

Flash: Flash is computer memory that retains data in the absence of power. At least some of this 

is essential, and it’s very useful for features like offline storage. 

GPIO: GPIO stands for general-purpose input/output pins. These are the pins that you will use 

for connecting your sensors and actuators to the MCU and the internet. The number of pins can 

range from one to the hundreds, depending on the microcontroller. 

Connectivity: This is how the board (and application) connects to the Internet via Wi-Fi, 

Ethernet, or some other means. This is an important aspect of connected sensor applications, so 

we’ll go over this topic in greater detail later. 

Power consumption: Power consumption is critically important for connected sensor 

applications, particularly when your device has to rely on something like a battery or solar 

power. This spec will tell you how power hungry the MCU is by default and whether or not it 

supports power-conscious programming techniques. 

Development tools and community: It’s important that there is a mature set of tools, 

documentation, and community support to help build programs that will run on the MCU you 

select for your application. 

Microcontroller Operating Systems: 

Now, let’s talk about the operating system that runs on top of the Microcontroller hardware. In 

the same way that personal computers run an operating system like Windows, MCUs run an 

operating system, too. 

You have three main options: 

Bare Metal means that there is, in fact, no operating system. This was the original approach to 

working with microcontrollers, and it’s still quite popular because it’s cost-effective and 

efficient. The main downside to this option is that it provides less support for the developer of the 

software. 

RTOS stands for "Real-Time Operating System." An RTOS system provides exact guarantees in 

regards to the time in which operations will complete. This is critical for coordinating physical 

machinery. 

Linux is much easier to program and connect to the Internet. It behaves more like a “real 

computer” as the average person might know it, which is great for many of the reasons 

previously stated. However, because of this, it does not provide any timing guarantees. 
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Choosing a Microcontroller for Your IoT System:  

There are many different development boards and microcontrollers available from a variety of 

companies: TI, Samsung, Arduino, Raspberry Pi and more. Choosing which one is right for you 

depends on a number of factors that vary depending on the nature of your application. 

Compatibility: Does the MCU support the sensors and actuators you want to use? Depending on 

your sensors and actuators, you might need many or just a few ports. You’ll want to make sure 

that you have enough input/output ports available. 

Architecture: Is the architecture sophisticated enough to handle the complexity of your 

program? Most applications use either ARM, MIPS, or X86. Choosing one depends on the 

functional requirements of your application and how much computing power your system needs. 

Memory: Does the MCU come with enough memory – RAM and Flash – for your program? It is 

highly recommended that you choose an MCU with a comfortable amount of extra memory for 

future updates. This will save you time, money, and some major headaches in the long run! 

Availability: Can you easily get the MCU that you want and in the quantity that you need? This 

is important to consider at the beginning of the process, especially if you plan on scaling up your 

system later on. 

Power: How much power will the MCU need? Will it need to be wired or can you use batteries? 

Energy efficiency is extremely important to consider for industrial IoT applications because 

you’ll want to minimize the need for sending maintenance crews to inspect edge infrastructure. 

Cost: How much does each unit cost? Does the price make sense based on the value it will 

deliver? Again, you’ll want to think about scaling the project up later on. Make sure that your 

IoT budget support including more of the MCUs you choose. 

Development Kit: Is a development kit available? Development kits are an excellent way to get 

started with the MCU you choose because they are designed to give customers an out-of-box 

experience. This will make the development of your IoT application much easier! 

Development Support: Is good documentation for your MCU available? What is the community 

surrounding this board like? These factors are crucial in order to make informed decisions on 

how to use your MCU properly. A good online community can help guide you when you are 

stuck or encounter a problem with your implementation. 

Memory: 

Based on the memory configuration, the microcontroller is further divided into two categories. 

 External memory microcontroller − This type of microcontroller is designed in such a 

way that they do not have a program memory on the chip. Hence, it is named as external 

memory microcontroller. For example: Intel 8031 microcontroller. 

 Embedded memory microcontroller − This type of microcontroller is designed in such 

a way that the microcontroller has all programs and data memory, counters and timers,  

                                                                  13 

http://www.ti.com/wireless-connectivity/simplelink-solutions/overview/overview.html
https://www.artik.io/
https://www.arduino.cc/
https://www.raspberrypi.org/


 
 

interrupts, I/O ports are embedded on the chip. For example: Intel 8051 microcontroller.  

Instruction Set: 

Based on the instruction set configuration, the microcontroller is further divided into two 

categories. 

 CISC − CISC stands for complex instruction set computer. It allows the user to insert a 

single instruction as an alternative to many simple instructions. 

 RISC − RISC stands for Reduced Instruction Set Computers. It reduces the operational 

time by shortening the clock cycle per instruction. 

Applications of Microcontrollers: 

Microcontrollers are widely used in various different devices such as − 

 Light sensing and controlling devices like LED. 

 Temperature sensing and controlling devices like microwave oven, chimneys. 

 Fire detection and safety devices like Fire alarm. 

 Measuring devices like Volt Meter. 

4.3 RESISTORS: 

A resistor is a passive two-terminal electrical component that implements electrical resistance as 

a circuit element. In electronic circuits, resistors are used to reduce current flow, adjust signal 

levels, to divide voltages, bias active elements, and terminate transmission lines, among other 

uses. High-power resistors that can dissipate many watts of electrical power as heat, may be used 

as part of motor controls, in power distribution systems, or as test loads for generators. Fixed 

resistors have resistances that only change slightly with temperature, time or operating voltage. 

Variable resistors can be used to adjust circuit elements (such as a volume control or a lamp 

dimmer), or as sensing devices for heat, light, humidity, force, or chemical activity. 

                  Resistors are common elements of electrical networks and electronic circuits and are 

ubiquitous in electronic equipment. Practical resistors as discrete components can be composed 

of various compounds and forms. Resistors are also implemented within integrated circuits. 

                 The electrical function of a resistor is specified by its resistance: common commercial 

resistors are manufactured over a range of more than nine orders of magnitude. The nominal 

value of the resistance falls within the manufacturing tolerance, indicated on the component 

Electronic symbols and notation:  

Two typical schematic diagram symbols are as follows: 

  

Fig 4.3.1 (a) resistor,  (b) rheostat (variable resistor), and  (c) potentiometer 

 

 

                                                                          14 

https://en.wikipedia.org/wiki/Passivity_(engineering)
https://en.wikipedia.org/wiki/Terminal_(electronics)
https://en.wikipedia.org/wiki/Electronic_component
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Biasing
https://en.wikipedia.org/wiki/Transmission_line
https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Electric_generator
https://en.wikipedia.org/wiki/Electrical_network
https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Integrated_circuits
https://en.wikipedia.org/wiki/Orders_of_magnitude
https://en.wikipedia.org/wiki/Engineering_tolerance#Electrical_component_tolerance
https://en.wikipedia.org/wiki/Schematic_diagram
https://en.wikipedia.org/wiki/File:Resistor,_Rheostat_(variable_resistor),_and_Potentiometer_symbols.svg


 
 

  

Fig 4.3.2 IEC resistor symbol 

The notation to state a resistor's value in a circuit diagram varies. 

One common scheme is the RKM code following IEC 60062. It avoids using a decimal 

separator and replaces the decimal separator with a letter loosely associated with SI prefixes 

corresponding with the part's resistance. For example, 8K2 as part marking code, in a circuit 

diagram or in a bill of materials (BOM) indicates a resistor value of 8.2 kΩ. Additional zeros 

imply a tighter tolerance, for example 15M0 for three significant digits. When the value can be 

expressed without the need for a prefix (that is, multiplicator 1), an "R" is used instead of the 

decimal separator. 

Series and parallel resistors: 

The total resistance of resistors connected in series is the sum of their individual resistance 

values. 

                                             

                                              Fig 4.3.3 Series resistor 

The total resistance of resistors connected in parallel is the reciprocal of the sum of the 

reciprocals of the individual resistors. 

                                                       

                                      Fig 4.3.4 Parallel resistor 

For example, a 10 ohm resistor connected in parallel with a 5 ohm resistor and a 15 ohm resistor 

produces 1/1/10 + 1/5 + 1/15 ohms of resistance, or 30/11 = 2.727 ohms. 

A resistor network that is a combination of parallel and series connections can be broken up into 

smaller parts that are either one or the other. Some complex networks of resistors cannot be 

resolved in this manner, requiring more sophisticated circuit analysis. Generally, the Y-Δ 

transform, or matrix methods can be used to solve such problems. 

Different types of resistors: 

There are many different types of resistors. These resistors vary in their construction, power 

dissipation capacities, and tolerance to various parameters (such as temperature and light).  
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  Carbon Composition Resistor  

 Thermistor  

 Wire Wound Resistor  

 Metal Film Resistor 

 Carbon Film Resistor 

 Varistor 

 Light Dependent Resistor 

Carbon Composition Resistor: 
A carbon composition resistor (also known as a carbon resistor) is a very commonly used 

resistor. These resistors are low cost and easy to construct. Carbon resistors are mainly made of 

carbon clay composition covered with a plastic case. The lead of the resistor is made of tinned 

copper. 

             The main advantages of these resistors are that they are readily available, low cost, and 

they are very durable. These resistors are also available in a wide range of values, from as low as 

1 Ω to as high as 22 Mega Ω. For these reasons, carbon composition resistors are often included 

in many of the best Arduino starter kits 

                                                     

                                                        Fig 4.3.5 Carbon resistor 

Thermistor: 

The word thermistor means a thermal resistor. Its resistance value changes with the change in the 

temperature. Most thermistors have a negative temperature coefficient which means its resistance 

will fall down when the temperature increases. These are normally made of semiconductor 

materials. A resistance up to a few mega ohms can be obtained from thermistors. They are used 

to detect the small temperature changes, when there is a temperature change, however small, 

there will be a large change in the value of the resistance. 

                                                           
                                                               Fig 4.3.6 Thermistor 
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Wire Wound Resistor: 

In wire wound resistor a wire of manganin or constantan is wound around a cylinder of insulating 

material. The temperature coefficient of resistance of manganin and constantan is almost zero. 

So, resistance variation with temperature of these resistors is negligible. The wounded wire is 

covered with an insulating cover such as baked enamel. This cover of insulating heat resistible 

material resists the effect of ambient temperature variation. Different sizes and ratings of wire 

wound resistors can easily be achieved by using different lengths and diameters of the wire. 

                                                        
                                                         Fig 4.3.7 Wire wounded resistor 

Metal Film Resistor: The resistor is constructed by means of deposition a thin film of a 

conductive material such as pure carbon or metal on to an insulating core. The desired value of 

resistance of metal film resistor or carbon film resistor can easily be obtained by either trimming 

the layer of the thickness or by cutting helical grooves of suitable pitch along its length. 

                                                          

                                                   Fig 4.3.8 Metal Film Resistor 

Variable Resistor: 

The variable resistor means its resistance value can be adjusted (similar to a potentiometer). 

There are a rotating shaft and a wiping contact. Basically, there is a resistive semicircular bar or 

coil and by wiping the contact we change the effective length of the resistive element and hence 

the resistance gets changed. One example of such resistors is rheostat. 

 

                                                                 

                                                               Fig 4.3.9 Variable Resistor 
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Non Linear Resistor or Varistor: 

They are also known as varistors. They are popular for having the non-linear V-I characteristics 

curve. That is its resistance is not uniform and it does not obey Ohms law. They are made of 

materials such as silicon carbides, zinc oxide. 

There are three types of varistors: 

Silicon carbide disc type varistor, Silicon carbide rod type varistor, Zinc oxide type varistor 

                                                            

                                                              Fig 4.3.10 Varistor 

Light Dependent Resistor: 

A Light Dependent Resistor (or LDR) will vary in resistance depending on the intensity of light 

falling on it. This is made of cadmium sulfide which contains a small number of electrons when 

it is not illuminated. When a light ray falls on it, electrons get ejected and hence the conductivity 

of it increases. Hence, it offers low resistance when light falls on it and offers high resistance in 

the dark. 

                                                           

                                                   Fig 4.3.11 Light Dependent Resistor 
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                                                            CHAPTER-5 

5.1  LIQUID CRYSTAL DISPLAY (LCD): 

                                      

                                            Fig 5.1.1 16×2 character LCD with Arduino. 

A liquid-crystal display (LCD) is a flat-panel display or other electronically modulated optical 

device that uses the light-modulating properties of liquid crystals combined with polarizers. 

Liquid crystals do not emit light directly,[1] instead using a backlight or reflector to produce 

images in color or monochrome.[2] LCDs are available to display arbitrary images (as in a 

general-purpose computer display) or fixed images with low information content, which can be 

displayed or hidden, such as preset words, digits, and seven-segment displays, as in a digital 

clock. They use the same basic technology, except that arbitrary images are made from a matrix 

of small pixels, while other displays have larger elements. LCDs can either be normally on 

(positive) or off (negative), depending on the polarizer arrangement. For example, a character 

positive LCD with a backlight will have black lettering on a background that is the color of the 

backlight, and a character negative LCD will have a black background with the letters being of 

the same color as the backlight. Optical filters are added to white on blue LCDs to give them 

their characteristic appearance. 

16×2 LCD pinout: 

                                    

                                                                   Fig 5.1.2 LCD pin out 
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Features of 16×2 LCD module: 

 Operating Voltage is 4.7V to 5.3V 

 Current consumption is 1mA without backlight 

 Alphanumeric LCD display module, meaning can display alphabets and numbers 

 Consists of two rows and each row can print 16 characters. 

 Each character is build by a 5×8 pixel box 

 Can work on both 8-bit and 4-bit mode 

 It can also display any custom generated characters 

 Available in Green and Blue Backlight 

Applications of LCD: 

LCDs are used in a wide range of applications, including LCD televisions, computer 

monitors, instrument panels, aircraft cockpit displays, and indoor and outdoor signage. Small LCD 

screens are common in portable consumer devices such as digital cameras, watches, calculators, 

and mobile telephones, including  smartphones. LCD screens are also used on consumer 

electronics products such as DVD players, video game devices and clocks. LCD screens have 

replaced heavy, bulky cathode ray tube (CRT) displays in nearly all applications. LCD screens are 

available in a wider range of screen sizes than CRT and plasma displays, with LCD screens 

available in sizes ranging from tiny digital watches to very large television receivers. LCDs are 

slowly being replaced by OLEDs, 

Advantages: 

 Very compact, thin and light, especially in comparison with bulky, heavy CRT displays. 

 Low power consumption. Depending on the set display brightness and content being 

displayed. 

 Little heat emitted during operation, due to low power consumption. 

 No geometric distortion. 

 The possible ability to have little or no flicker depending on backlight technology. 

 Usually no refresh-rate flicker, because the LCD pixels hold their state between refreshes.  

 Sharp image with no bleeding or smearing when operated at native resolution. 

 Emits almost no undesirable electromagnetic radiation.  

 Can be made in almost any size or shape. 

 No theoretical resolution limit.  

5.2  LIGHT EMITTING DIODE (LED): 

A light-emitting diode (LED) is a semiconductor light source that emits light when current flows 

through it. Electrons in the semiconductor recombine with electron holes, releasing energy in the 

form of photons. The color of the light (corresponding to the energy of the photons) is 

determined by the energy required for electrons to cross the band gap of the 

semiconductor.[5] White light is obtained by using multiple semiconductors or a layer of light-

emitting phosphor on the semiconductor device.  

Appearing as practical electronic components in 1962, the earliest LEDs emitted low-intensity  
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infrared light. Infrared LEDs are used in remote-control circuits, such as those used with a wide 

variety of consumer electronics. The first visible-light LED’s were of low intensity and limited to 

red. Modern LED’s are available across the visible, ultraviolet, and infrared wavelengths, with 

high light output. 

             Early LEDs were often used as indicator lamps, replacing small incandescent bulbs, and 

in seven-segment displays. Recent developments have produced high-output white light LED’s 

suitable for room and outdoor area lighting. LED’s have led to new displays and sensors, while 

their high switching rates are useful in advanced communications technology. 

 

                                                      

                                                                  Fig 5.2.1 LEDs 

Advantages: 

LEDs have many advantages over incandescent light sources, including lower energy 

consumption, longer lifetime, improved physical robustness, smaller size, and faster switching. 

LEDs are used in applications as diverse as aviation lighting, automotive headlamps, 

advertising, general lighting, traffic signals, camera flashes, lighted wallpaper, horticultural grow 

lights, and medical devices.  

Disadvantages: 

Unlike a laser, the light emitted from an LED is neither spectrally coherent nor even 

highly monochromatic. However, its spectrum is sufficiently narrow that it appears to the human 

eye as a pure (saturated) color.[9][10] Also unlike most lasers, its radiation is not spatially coherent, 

so it cannot approach the very high brightnesses characteristic of lasers. 

Applications: 

 Visual signals where light goes more or less directly from the source to the human eye, to 

convey a message or meaning. 

 Illumination where light is reflected from objects to give visual response of these objects. 

 Measuring and interacting with processes involving no human vision. 

 Narrow band light sensors where LEDs operate in a reverse-bias mode and respond to 

incident light, instead of emitting light.. 

Types of LED: 

Through-hole LEDs: These are available in different shapes and sizes and the most common 

ones being 3mm, 5mm and 8mm LEDs. These LEDs are available in different colors like Red, 

Blue, Yellow, Green, 
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White, etc. 

                                            

                                                   Fig 5.2.2 Through-hole LEDs 

SMD LEDs (Surface Mount Light Emitting Diodes): 

Surface Mount or SMD LEDs are a special packages that can be easily surface mount on a PCB. 

SMD LEDs are usually differentiated based on their physical dimensions. For example, the most 

common SMD LEDs are 3528 and 5050.    

                                                     

                                                            Fig 5.2.3 SMD LEDs 

Bi-color LEDs: The next type of LEDs are Bi-color LEDs, as the name suggests, can emit 

two colors. Bi-color LEDs have three leads, usually two anodes and a common cathode. 

Depending on the configuration of the leads, the color will be activated. 

                                                   

                                                                  Fig 5.2.4 Bi-color LEDs 
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RGB led (Red – Blue – Green LED): 

RGB LEDs are the most favorite and most popular LEDs among hobbyists and designers. Even 

computer builds are very popular for implementing RGB LEDs in Computer Cases, 

Motherboards, RAMs, etc. 

                                                 

                                                           Fig 5.2.5 RGB LED   

RGB LED contains 3 LEDs on a single chip and by a technique called PWM (Pulse Width 

Modulation), we can control the output of the RGB LED to produce a wide range of colors. 

High – Power LEDs: 

An LED with power rating greater than or equal to 1 Watt is called a High Power LED. This is 

because, normal LEDs have a power dissipation of few mill watts.High – Power LEDs are very 

bright and are often used in Flashlights, Automobile Headlamps, Spotlights, etc.. Since the power 

dissipation of High – power LEDs is high, proper cooling and usage of heat sinks is required. 

Also, the input power requirement for these LEDs will be usually very high.             

                                                   

                                                        Fig 5.2.6 High – Power LEDs 

In this article, we have seen about basics of LED and few important characteristics of LED. In 

the next tutorial, we will see How an LED works and the construction of an LED. 
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                                           CHAPTER-6 

6.1 PRINTED CIRCUIT BOARD (PCB):                

                                                 

                Fig 6.1.1 Normal PCB                            Fig 6.1.2 Designed PCB 

PCBs are boards that connect electronic components. They're an integral part of the electronics 

we use in our everyday lives across a wide range of industries. They are made of a non-

conductive material and have lines, pads and other features etched from copper sheets that 

electrically connect the electronic components within a product. Components such as capacitors 

and resistors are also soldered onto some PCBs. 

                            A printed circuit board(PCB) mechanically supports&electricallyconnects 

electrical or electronic components using conductive tracks, pads and other features etched from 

one or more sheet layers of copper laminated onto and/or between sheet layers of a non-

conductive substrate. Components are generally soldered onto the PCB to both electrically 

connect and mechanically fasten them to it. 

                           Printed circuit boards are used in all but the simplest electronic products. They 

are also used in some electrical products, such as passive switch boxes. Alternatives to PCBs 

include wire wrap and point-to-point construction, both once popular but now rarely used. PCBs 

require additional design effort to lay out the circuit, but manufacturing and assembly can be 

automated. Electronic computer-aided design software is available to do much of the work of 

layout. Mass-producing circuits with PCBs is cheaper and faster than with other wiring methods, 

as components are mounted and wired in one operation. Large numbers of PCBs can be 

fabricated at the same time, and the layout only has to be done once. PCBs can also be made 

manually in small quantities, with reduced benefits. 

                          PCBs can be single-sided (one copper layer), double-sided (two copper layers on 

both sides of one substrate layer), or multi-layer (outer and inner layers of copper, alternating 

with layers of substrate). Multi-layer PCBs allow for much higher component density, because 

circuit traces on the inner layers would otherwise take up surface space between components. 

The rise in popularity of multilayer PCBs with more than two, and especially with more than 

four, copper planes was concurrent with the adoption of surface mount technology. However, 

multilayer PCBs make repair, analysis, and field modification of circuits much more difficult and 

usually impractical. 

                        Before the development of printed circuit boards electrical and electronic circuits  
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were wired point-to-point on a chassis. Typically, the chassis was a sheet metal frame or pan, 

sometimes with a wooden bottom. Components were attached to the chassis, usually by 

insulators when the connecting point on the chassis was metal, and then their leads were 

connected directly or with jumper wires by soldering, or sometimes using crimp connectors, wire 

connector lugs on screw terminals, or other methods. Circuits were large, bulky, heavy, and 

relatively fragile (even discounting the breakable glass envelopes of the vacuum tubes that were 

often included in the circuits), and production was labor-intensive, so the products were 

expensive. 

Applications of PCB: 

Consumer Electronics 

The most common sector for printed circuit boards to be used in is consumer electronics. 

Millions of people around the world rely on electronic devices and it has become an essential part 

of their daily lives. Whether it’s a mobile phone, a computer, a microwave, or even a coffee 

maker, most of these types of home appliances and entertainment systems have a circuit board 

within them. The applications for printed circuit boards in this sector are very extensive. These 

are just some of the common uses for PCBs in consumer-grade electronics: 

Communications: Smartphones, smart watches, tablets, and radios all utilise PCBs as a 

foundation for the product. 

Computers: Home desktop PCs, workstations, laptops, and satellite navigation have PCBs at 

their core. Most devices with screens and peripheral devices also have circuit boards within them. 

Entertainment Systems: Your television, stereo set, DVD player, and games consoles will 

feature circuit boards at their core. 

Home Appliances: Almost all modern home appliances use electronic components, such as your 

microwave, refrigerator, alarm clock, and coffee maker. 

As there is such a high demand for circuit boards to be mass produced for the consumer 

electronics sector, it’s important that PCB manufacturers maintain the quality and uniformity to 

ensure safety and compliance. This is why there are regulations and standards that PCB 

manufacturers need to meet. They will have quality control measures to ensure that the circuit 

board functions as intended and safely for the consumer market. 

Industrial Applications: 

The industrial sector benefits greatly from printed circuit boards, especially businesses with 

production lines and manufacturing facilities. Not only are these electronic components essential 

to the day-to-day processes, but they enable automation which can help businesses to save on 

costs and reduce human error. PCBs can be specifically designed to withstanding high-power 

applications and the demanding environments which the industrial sector needs.Here are some 

examples of where PCBs are used in the industrial sector: 

Industrial Equipment: Assembly machines, presses, and ramps that are used in this industry 

have electronic components. 

Power Equipment: Power supplies, power inverters, and power distribution and other power 

control devices. 

Measuring Equipment: Equipment that is used to control the temperature, the pressure, and 

other variables in the manufacturing process. 
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The industrial sector has a demanding environment had requires PCBs that are tailored to their 

needs. There are a variety of circuit board types that are capable of delivering high-powered 

applications that are withstanding and durable, such as flex-rigid PCBs. 

Medical Devices: 

Printed circuit boards and electronics contribute significantly to the medical sector. Not only are 

they used in appliances, but they are also used is monitoring, diagnostic, and treatment devices.  

The applications of PCBs for the medical sector is growing at a fast rate as technology improves 

which leads to new possibilities.Some of the common applications of PCBs include: 

Scanning Equipment: X-Ray screens, CT scanners, and ultrasonic scans all use electronic 

components in order to function. 

Monitors: Medical monitoring devices such as blood glucose monitors, heart rate and blood 

pressure monitors all have electronic components inside. 

Medical Instruments: The field of medical research requires various instruments to gather data 

and test outcomes. You may find PCBs inside electronic microscopes, control systems, 

compressors, and other devices. 

For the medical sector, PCBs must be held to a higher standard due to the health implications. 

These electronics must be reliable and high-quality to ensure compliance with the medical 

regulations. Medical PCBs are specially designed and they tend to be smaller due to the 

constraints on the device size. 

Automotive Applications: 

In the modern automotive industry, vehicles now feature a range of advanced electronics and 

electrical parts which provide more functionality. Whereas, compared to the past when vehicles 

only had a few electronic circuits for the essentials, circuit boards have come a long way and 

have found many uses in this sector. Here are some of the common applications of PCBs in 

vehicles: 

Navigation: Navigation systems such as satellite navigation have become more commonly 

incorporated into vehicles. These systems all use PCBs. 

Media Devices: Modern vehicles may have advanced dashboards that are able to connect to the 

vehicle’s radio or media player. All of these utilize electronic parts. 

Control Systems: Advanced car control systems such as power supplies, fuel regulators, and 

engine management use circuit boards to monitor and manage these parts of the vehicle. 

Proximity Monitors: Newer models of cars may include built-in sensors to help the driver 

monitor their blind spots and judge distances. These systems require high-quality and reliable 

PCBs to function as intended and prevent failure. 

These advanced electronics can improve the safety on the roads whilst also providing a better 

driving experience, which makes these systems very popular in vehicles today. However, not just 

any circuit boards can be used in vehicles. The environment in which these boards operate in will 

be demanding and they will need to be able to withstand high vibrations. Boards such as flexible 

PCBs are much more resistant to vibrations than your standard PCB and the challenge for PCB 

manufacturers is to meet the needs of the extensive industry. 
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6.2  ARDUINO NODE MCU: 

NodeMCU is a low-cost open source IoT platform.[4][5] It initially included firmware which runs 

on the ESP8266 Wi-Fi SoC from Espressif Systems, and hardware which was based on the ESP-

12 module.[6][7] Later, support for the ESP32 32-bit MCU was added.  

NodeMCU is an open source firmware for which open source prototyping board designs are 

available. The name "NodeMCU" combines "node" and "MCU" (micro-controller unit).[8]. The 

term "NodeMCU" strictly speaking refers to the firmware rather than the associated development 

kits.[citation needed] 

Both the firmware and prototyping board designs are open source.[9] 

The firmware uses the Lua scripting language. The firmware is based on the eLua project, and 

built on the Espressif Non-OS SDK for ESP8266. It uses many open source projects, such as lua-

cjson[10] and SPIFFS.[11] Due to resource constraints, users need to select the modules relevant for 

their project and build a firmware tailored to their needs. Support for the 32-bit ESP32 has also 

been implemented. 

The prototyping hardware typically used is a circuit board functioning as a dual in-line 

package (DIP) which integrates a USB controller with a smaller surface-mounted board 

containing the MCU and antenna. The choice of the DIP format allows for easy prototyping 

on breadboards. The design was initially was based on the ESP-12 module of the ESP8266, 

which is a Wi-Fi SoC integrated with a Tensilica Xtensa LX106 core, widely used in IoT 

applications (see related projects). 

 

                                                 

                                                                Fig 6.2.1 Node MCU 
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NodeMCU pinout: 

                                       

                                                    Fig 6.2.2  Pinout of nodeMCU 

Power pins: 

There are four power pins viz. one VIN pin & three 3.3V pins. The VIN pin can be used to 

directly supply the ESP8266 and its peripherals, if you have a regulated 5V voltage source. The 

3.3V pins are the output of an on-board voltage regulator. These pins can be used to supply 

power to external components. 

Gnd: It is a ground PIN of ESP8266 NodeMCU development board. 

12C pins: 

These are used to hook up all sorts of I2C sensors and peripherals in your project. Both I2C 

Master and I2C Slave are supported. I2C interface functionality can be realized 

programmatically, and the clock frequency is 100 kHz at a maximum. It should be noted that I2C 

clock frequency should be higher than the slowest clock frequency of the slave device. 

GPIO pins: 

ESP8266 NodeMCU has 17 GPIO pins which can be assigned to various functions such as I2C, 

I2S, UART, PWM, IR Remote Control, LED Light and Button programmatically. Each digital 

enabled GPIO can be configured to internal pull-up or pull-down, or set to high impedance. 

When configured as an input, it can also be set to edge-trigger or level-trigger to generate CPU 

interrupts. 

ADC channel: 

The NodeMCU is embedded with a 10-bit precision SAR ADC. The two functions can be 

implemented using ADC viz. Testing power supply voltage of VDD3P3 pin and testing input 

voltage of TOUT pin. However, they cannot be implemented at the same time. 
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UART pins: 

ESP8266 NodeMCU has 2 UART interfaces, i.e. UART0 and UART1, which provide 

asynchronous communication (RS232 and RS485), and can communicate at up to 4.5 

Mbps. UART0 (TXD0, RXD0, RST0 & CTS0 pins) can be used for communication. It supports 

fluid control. However, UART1 (TXD1 pin) features only data transmit signal so, it is usually 

used for printing log. 

SPI pins: 

ESP8266 features two SPIs (SPI and HSPI) in slave and master modes. These SPIs also support 

the following general-purpose SPI features: 

 4 timing modes of the SPI format transfer 

 Up to 80 MHz and the divided clocks of 80 MHz 

 Up to 64-Byte FIFO 

SDIO pins: 

 ESP8266 features Secure Digital Input/Output Interface (SDIO) which is used to directly 

interface SD cards. 4-bit 25 MHz SDIO v1.1 and 4-bit 50 MHz SDIO v2.0 are supported. 

PWM pins: 

The board has 4 channels of Pulse Width Modulation (PWM). The PWM output can be 

implemented programmatically and used for driving digital motors and LEDs. PWM frequency 

range is adjustable from 1000 μs to 10000 μs, i.e., between 100 Hz and 1 kHz. 

Control pins: 

These are used to control ESP8266. These pins include Chip Enable pin (EN), Reset pin (RST) 

and WAKE pin. 

a. N pin – The ESP8266 chip is enabled when EN pin is pulled HIGH. When pulled LOW the 

chip works at minimum power. 

b. RST pin – RST pin is used to reset the ESP8266 chip. 

c. WAKE pin – Wake pin is used to wake the chip from deep-sleep. 
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                                          CHAPTER-7 

7.1 BLYNK APP: 

Blynk was designed for the Internet of Things. It can control hardware remotely, it can display 

sensor data, it can store data, vizualize it and do many other cool things. 

There are three major components in the platform: 

 Blynk App - allows to you create amazing interfaces for your projects using various widgets 

we provide. 

 Blynk Server - responsible for all the communications between the smart phone and 

hardware. You can use our Blynk Cloud or run your private Blynk server locally. It’s open-

source, could easily handle thousands of devices and can even be launched on a Raspberry Pi.  

 Blynk Libraries - for all the popular hardware platforms - enable communication with the 

server and process all the incoming and out coming commands. 

 

Now imagine: every time you press a Button in the Blynk app, the message travels to the Blynk 

Cloud, where it magically finds its way to your hardware. It works the same in the opposite 

direction and everything happens in a blynk of an eye. 
. 

                                                                
                                                                                   

                                                                          Fig 7.1.1 View of blynk app 

Features: 
1) Similar API & UI for all supported hardware & devices 

2) Connection to the cloud using: 

 WiFi 

 Bluetooth and BLE 

 Ethernet 

 USB (Serial) 

 GSM 

3) Set of easy-to-use Widgets 

4) Direct pin manipulation with no code writing 

5) Easy to integrate and add new functionality using virtual pins 

6) History data monitoring via Super Chart widget 

7) Device-to-Device communication using Bridge Widget 

8) Sending emails, tweets, push notifications, etc. 

You can find example sketches covering basic Blynk  Features. They are included in the library. 

All the sketches are designed to be easily combined with each other. 
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Need of a blynk app: 
 

1. Hardware. 

An Arduino, Raspberry Pi,or a similar development kit. 

 

Blynk works over the Internet. This means that the hardware you choose should be able to 

connect to the internet. Some of the boards, like Arduino Uno will need an Ethernet or Wi-Fi 

Shield to communicate, others are already Internet-enabled: like the ESP8266, Raspberri Pi with 

WiFi dongle, Particle Photon or SparkFun Blynk Board. But even if you don’t have a shield, you 

can connect it over USB to your laptop or desktop (it’s a bit more complicated for newbies, but  

we got you covered). What’s cool, is that the list of hardware that works with Blynk is huge and 

will keep on growing. 

 

2. A Smartphone. 

The Blynk App is a well designed interface builder. It works on both iOS and Android.  

 

How to use blynk app? 
 

1) Create blynk account 
 

After you download the Blynk App, you’ll need to create a New Blynk account. This account is 

separate from the accounts used for the Blynk Forums, in case you already have one. We 

recommend using a real email address because it will simplify things later. An account is needed 

to save your projects and have access to them from multiple devices from anywhere. It’s also a 

security measure. 

 

2) Create a new project : After you’ve successfully logged into your account, start by creating a 

new project. 

                                           
 

                                                                      Fig 7.1.2 Create new project 
 

3) Choose your hard ware: Select the hardware model you will use. Check out the list of 

supported hardware. 
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                                                                            Fig 7.1.3 Hard ware model 

4)Auth token: 

 

Auth Token is a unique identifier which is needed to connect your hardware to your smart 

phone. Every new project you create will have its own Auth Token. You’ll get Auth Token 

automatically on your email after project creation. You can also copy it manually. Click on 

devices section and selected required device. 

 

NOTE: Don’t share your Auth Token with anyone, unless you want someone to have access to 

your hardware. 

 

It’s very convenient to send it over e-mail. Press the e-mail button and the token will be sent to 

the e-mail address you used for registration. You can also tap on the Token line and it will be 

copied to the clipboard. 

Now press the “Create” button. 

 

                                                                    
 

                                                    Fig 7.1.4 Create option 

5)Add a widget: 

Your project canvas is empty, let’s add a button to control our LED. 

Tap anywhere on the canvas to open the widget box.  
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All the available widgets are located here. Now pick a button 

Drag-n-Drop - Tap and hold the Widget to drag it to the new position. 

Widget Settings - Each Widget has it’s own settings. Tap on the widget to get to them. 

 

 The most important parameter to set is PIN . The list of pins reflects physical pins 

defined by your hardware. If your LED is connected to Digital Pin 8 - then select D8 (D - 

stands for Digital. 

 

6) Run the project: 

 

 When you are done with the Settings - press the PLAY button. This will switch you from 

EDIT mode to PLAY mode where you can interact with the hardware. While in PLAY 

mode, you won’t be able to drag or set up new widgets, press STOP and get back to 

EDIT mode. 

 You will get a message saying “Arduino UNO is offline”. We’ll deal with that in the next 

section. 

 

7.2 CODES USED: 

 

7.2.1 Code used for ESP8266 wifi module: 

 
#define BLYNK_PRINT Serial 

#include <ESP8266WiFi.h> 

#include <BlynkSimpleEsp8266.h> 

  

char auth[] = "34fBFRsFotjJZR7kT2CP3htyytDyIr3U"; 

char ssid[] = "heartrate"; 

char pass[] = "123456789"; 

String myString,hb; 

int h; 

void setup()  

{ 

  Serial.begin(9600); 

  Blynk.begin(auth, ssid, pass); 

} 

void loop()  

{ 

  if (Serial.available())  

    { 

      myString = Serial.readStringUntil('*'); 

      if(myString.substring(0, 1) == "H") 

      { 

        //Serial.println("-----"); 

        hb=myString.substring(1, 4); 

        h=hb.toInt(); 

        Serial.println("Heart Beat:"+String(h)); 

        Blynk.virtualWrite(V2,h); 

      } 
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} 

} 

 

7.2.2  Code used for MC: 

////////// 

/////////  All Serial Handling Code, 

/////////  It's Changeable with the 'outputType' variable 

/////////  It's declared at start of code. 

///////// 

 

void serialOutput(){   // Decide How To Output Serial. 

  switch(outputType){ 

    case PROCESSING_VISUALIZER: 

      sendDataToSerial('S', Signal);     // goes to sendDataToSerial function 

      break; 

    case SERIAL_PLOTTER:  // open the Arduino Serial Plotter to visualize these data 

      Serial.print("Hart Rate:"); 

      Serial.println(BPM); 

      mySerial.print("H");mySerial.print(BPM);mySerial.print("*"); 

      //Serial.print("*"); 

      lcd.setCursor(11, 0); 

      lcd.print(BPM);lcd.print(" "); 

      //gps_sms(1); 

      if(BPM>120) 

      { 

        hbt++; 

        digitalWrite(buz,HIGH);delay(100); 

        digitalWrite(buz,LOW);delay(100); 

      } 

      else 

      { 

        hbt=0; 

      } 

      if(hbt>10) 

      { 

        hbt=0;digitalWrite(buz,HIGH);digitalWrite(rlyy,LOW); 

        //gps_sms(3);digitalWrite(buz,LOW);digitalWrite(rlyy,HIGH); 

      } 

      /*Serial.print(","); 

      Serial.print(IBI); 

      Serial.print(","); 

      Serial.println(Signal);*/ 

      delay(500); 

      break; 

    default: 

      break; 

  } 

} 
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//  Decides How To OutPut BPM and IBI Data 

void serialOutputWhenBeatHappens(){ 

  switch(outputType){ 

    case PROCESSING_VISUALIZER:    // find it here 

https://github.com/WorldFamousElectronics/PulseSensor_Amped_Processing_Visualizer 

      sendDataToSerial('B',BPM);   // send heart rate with a 'B' prefix 

      sendDataToSerial('Q',IBI);   // send time between beats with a 'Q' prefix 

      break; 

 

    default: 

      break; 

  } 

} 

//  Sends Data to Pulse Sensor Processing App, Native Mac App, or Third-party Serial Readers. 

void sendDataToSerial(char symbol, int data ){ 

    Serial.print(symbol); 

    Serial.println(data); 
  } 
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                                           CHAPTER-8 

CONCLUSION: 

In These days we have an increased number of heart diseases including increased risk of heart 

attacks. Our proposed system users sensors that allow to detect heart rate of a person using 

heartbeat sensing even if the person is at home. The sensor is then interfaced to a microcontroller 

that allows checking heart rate readings and transmitting them over internet. The user may set the 

high as well as low levels of heart beat limit. After setting these limits, the system starts 

monitoring and as soon as patient heart beat goes above a certain limit, the system sends an alert 

to the controller which then transmits this over the internet and alerts the doctors as well as 

concerned users. Also the system alerts for lower heartbeats. Whenever the user logs on for 

monitoring, the system also displays the live heart rate of the patient. Thus concerned ones may 

monitor heart rate as well get an alert of heart attack to thepatient immediately from anywhere 

and the person can be saved on time.In our proposed research, we tried to propose a complete 

paper for detecting heart attack using two ways. However, we have some plan about this 

research. Time of India, a leading newspaper in India published that “Researchers in the United 

States, within the next decade Heart Microeconomic Microchip will be set in blood vessel of 

human body. The smart phone will collect data and send the information to us”. Researchers are 

trying to implement the requirements of Microchip for uses of the technology in smart phone. We 

will try to use this technology in future. If this technology will developed then we can detect 

heart blockage through this technology by our project. 
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                                                         PROJECT PROFORMA 
 

 

Classification of Project 

Application Product Research Review 

            
                  

 
 

 

        

Note: Tick Appropriate category. 

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

Mapping Table 
 

Project 

Outcomes 

Programme 

Outcomes (POs) 

PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO 

10 

PO 

11 

PO 

12 

PSO1 PSO2 

Outcome 

1 

3 2 3 2 3 3 2 3 2 2 2 2 2 2 

Outcome 

2 

3 2 3 2 3 3 1 3 2 3 1 3 3 2 

Outcome 

3 

3 3 3 2 3 3 2 2 2 2 1 2 2 1 

Outcome 

4 

3 3 3 3 3 3 2 3 2 2 1 2 2 2 

 

 
Note: Map each project outcomes with POs and PSOs with either1or 2 

or 3 based on level of mapping as follows: 

1-Slightly (Low) mapped 2-Moderately (Medium) mapped  

3-Substantially (High) mapped 

 

 

 

 

 



 
 

Programme Outcomes: 

 

1)Engineering knowledge: Apply the knowledge of mathematics, science, engineering  

fundamentals and an engineering specialization for the solution of complex engineering  

problems. 
2) Problem analysis: Identify, formulate, research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3) Design/development of solutions: Design solutions for complex engineering   

problems and design system components or processes that meet the specified needs 

with appropriate consideration for public health and safety, and cultural, societal, and 

environmental considerations. 

4) Conduct investigations of complex problems: Use research-based knowledge 

and research methods including design of experiments, analysis and interpretation of 

data, and synthesis of t h e information to provide valid conclusions. 

5) Modern tool usage: Create, select, and apply appropriate techniques, resources, 

and Modern engineering and IT tools, including prediction and modeling to complex 

engineering activities, with an understanding of the limitations. 

6) The engineer and society: Apply reasoning informed by the contextual knowledge 

to assess societal, health, safety, legal, and cultural issues and the consequent 

responsibilities relevant to the professional engineering practice. 

7) Environment and sustainability: Understand the impact of the professional 

engineering solutions in societal and environmental contexts, and demonstrate the 

knowledge of, and need for sustainable development. 

8) Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of the engineering practice. 

9) Individual and team work: Function effectively as an individual, and as a member 

or leader in diverse teams, and in multidisciplinary settings. 

10) Communication: Communicate effectively on complex engineering activities 

with the engineering community and with the society at large, such as, being able to 

comprehend and write effective reports and design documentation, make effective 

presentations, and give and receive clear instructions. 

 

11)Project management and finance: Demonstrate knowledge and understanding of the 

engineering  and management principles and apply these to one’s own work, as a  



 
 

member andleader in a team, to manage projects and in multidisciplinary environments. 

 

12) Life-long learning: Recognizes the need for, and have the preparation and ability 

to engage in independent and life-long learning in the broadest context of 

technological change. 

Programme Specific Outcomes(PSO): 

1) Apply the knowledge of circuit design, analogy & digital electronics to the field of 

electrical and electronics systems 

2) Analyze, design and develop control systems, industrial drives and power systems 

using modern tools. 
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ABSTRACT 

 
The project is to design and develop a helical shaped vertical axis wind turbine and testing its 

performance. 
This is carried out in two steps: 

1. To calculate analytically a helical wind turbine power   

and 

2. To construct the rotor blades, 

This project is particularly aimed to address its use as the electricity supply for residential 

properties or any other places with less ideal economy conditions. 

The uncomplicated and highly accessible mechanism using basic materials is to give 

people to have a vaible option on their own electricity production from renewable energy 

sources. 
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CHAPTER-1 

 

INTRODUCTION 

 

Energy is the one of the most fundamental parts of our universe. Energy is defined as “the ability to 

do work”. Energy is used to do work like lights our cities, powers our vehicles, trains, planes and 

rockets. Energy powers machinery in factories and tractors on farm. There are two main sources of 

energy. 

1) Non-renewable energy. 

2) Renewable energy. 

 

1.1 NON-RENEWABLE ENERGY : 
A non-renewable resource is a resource that does not renew itself at a sufficient rate for sustainable 

economic extraction. An example is carbon based organically-derived fuel. The original organic 

material, with the aid of heat and pressure, becomes a fuel such as oil or gas. Earth minerals and 

metal ores, fossil fuels (coal, petroleum, natural gas) and ground water in certain aquifers are all 

considered non-renewable resources, through individual elements are almost always conserved. 

 

1.2 RENEWABLE ENERGY : 

Renewable energy is free source of energy or natural source of energy. Renewable energy that is 

collected from renewable resources, which are naturally replenished on a human timescale, such as 

sunlight, wind, rain, tides, waves and geothermal heat. 

Renewable energy resources exist over wide geographical areas, in contrast to other energy sources , 

which are connected in a limited number of countries. 

Rapid development of renewable energy and energy efficient is resulting in significant energy 

security, climate change mitigation, and economic benefits . The results of a recent review of the 

literature concluded that as green house gas emitters begin to be held liable for damages resulting 

from green house gas emissions resulting in climate change, a high value for liability mitigation 

would provide powerful incentives for deployment of renewable energy technologies . In 

international public opinion surveys there is strong support for promoting renewable sources such as 

solar power and wind power. 
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1.3 INTRODUCTION TO WIND POWER: 

 In ancient times, wind was used to move the sails of the ships. In this , we will see how wind energy 

is used to generate electricity. 

A turbine converts the kinetic energy of the wind to useful mechanical energy. This energy could be 

used in mechanical form or turn generator turbines and provide electricity. Just like in the 

hydropower systems, wind energy is harnessed through conversion of the wind kinetic energy to 

mechanical energy. 

The wind turbines are largely classified into two types- Horizontal Axis Wind Turbines and Vertical 

Axis Wind Turbines. Large areas installed with wind turbines, that is, wind farms are increasingly 

emerging today. 

 

 

Fig.1 wind turbines 

 

1.4  WIND CHARACTERISTICS : 

There are general characteristics of wind while others are more specific to the site. Some of the site 

specific characteristics include − 

• Mean wind speed − This estimates the annual wind yield though it does not give the 

distributions. 
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• Wind speed distribution − There are three aspects namely annual, diurnal and seasonal 

characteristics. Understanding the wind speed variations and the spread is necessary when 

choosing a site. 

• Turbulance − This is the chaotic movement of wind in unpredictable patterns. Turbulance 

results from continuously changing properties of wind motion that impact on energy 

production and fatigue on blades. 

• Long term fluctuation − Irregular wind causes unpredictable energy supply. Before a wind 

turbine is set, the area should be studied for a constant wind flux. 

• Distribution of wind direction − This is more significant in positioning of the blades 

especially for horizontal axis types. 

• Wind shear − Shear is change in wind direction, speed or the height at which the maximum 

velocity occurs. 

1.5 Wind Speed Patterns 

Wind patterns are important and are often analyzed using a wind spectrum. A high value of the 

wind spectrum represents a large change in the wind speed at the given time interval. If represented 

on a graph, the peaks depict turbulences that occur with time. 

1.6 Wind speed distribution 

There are three distributions − 

• Diurnal − Caused by the difference between temperatures during the day and at night. 

• Depressions − Occur with four-day intervals along the coastal region. 

• Annual − Distribution is latitude dependent. 
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                                                                  CHAPTER-2 

 

                                           WIND TURBINES 

 
The wind has its kinetic energy as it nothing but the flow of atmospheric air. A wind turbine is a 

machine which utilizes the kinetic energy of wind to produce rotational mechanical energy in its shaft. 

The rotational motion of the shaft turns an electrical generator to generate electricity. There are 

mainly two types of wind turbine available one is the horizontal axis type another is vertical axis type. 

The turbines are also available in different sizes depending upon their mode of applications. In many 

places of the modern world, people use small-sized wind turbines to charge batteries for auxiliary 

power supply to boats, caravans etc. Many electric utility companies use medium-sized wind turbines 

to supply a portion of the domestic load when sufficient wind is available so that they can sale back 

the surplus demanded power to the electrical grid. 

The stock of fossil fuels on that planet is becoming nil day by day, so there is a significant need for 

renewable sources of energy to produce electricity to meet up the on-growing demand for electricity. 

The wind power generating station is one of the solutions for that. The wind power generating 

stations, use many giant wind turbines to produce required electricity. The wind turbines can have 

either horizon shaft or vertical shaft depending on their design criteria. The horizontal design is more 

common as it produces more power compared to a vertical one. 

2.1 WORKING  PRINCIPLE: 

When the wind strikes the rotor blades, blades start rotating. The turbine rotor is connected to a high-

speed gearbox. Gearbox transforms the rotor rotation from low speed to high speed. The high-speed 

shaft from the gearbox is coupled with the rotor of the generator and hence the electrical generator 

runs at a higher speed. An exciter is needed to give the required excitation to the magnetic coil of the 

generator field system so that it can generate the required electricity. The generated voltage at output 

terminals of the alternator is proportional to both the speed and field flux of the alternator. The speed 

is governed by wind power which is out of control. Hence to maintain uniformity of the output power 

from the alternator, excitation must be controlled according to the availability of natural wind power. 

The exciter current is controlled by a turbine controller which senses the wind speed. Then output 

voltage of electrical generator(alternator) is given to a rectifier where the alternator output gets 

rectified to DC. Then this rectified DC output is given to line converter unit to convert it into 

stabilized AC output which is ultimately fed to either electrical transmission network or transmission 

grid with the help of step up transformer. An extra units is used to give the power to internal 

auxiliaries of wind turbine (like motor, battery etc.), this is called Internal Supply Unit. 
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2.2 BLOCK DIAGRAM : 

 

 

 

 

 

 

 

 

 

 

                                                       Fig.2  Block diagram  
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                                                     CHAPTER-3 

                                    TYPES OF WIND TURBINE 

3.1 Horizontal axis wind turbine : 

 We call the wind turbines that have horizontal shaft as horizontal axis wind turbines or in short 

HAWT. In HAWT the turbine rotor couples the electrical generator and this turbine generator set is 

placed on the top of the turbine tower. A wind sensor with servomotor keeps the axis of the turbine 

along the path of the wind. 

Although in small turbine a wind vane does the purpose. The turbines commonly have a gearbox in 

between the turbine shaft and the generator shaft. The functions of this gearbox are to provide 

mechanical coupling between these two shafts and to step up the slow rotating speed of the turbine 

blades to a high rotating speed of the generator. 

A wind electric power generating station uses three blades horizontal axis wind turbines (HAWT). 

Three blades design is more mechanically stable and can have less torque ripple. The blade-length 

may be from 20 m to 80 m and usually of bright white colored so that any aircraft can view 

comfortably. 

 

A turbine with the blade length of 80 m may have rating up to 8 MW. The height of the large 

commercial turbine may be up to 70 m to 120 m and may be up to 160 meters in the extreme. The 

modern wind turbine systems use steel tubular supporting poles. The RPM of a large wind turbine 

may be from 10 to 22. Such large turbine blades, cannot achieve rotational speed more than that. As 

we told earlier, we use a gearing arrangement (gearbox) to step up this slow speed to required high 

speed of the generator. 

Although, there are some designs in which the turbine rotor shaft directly couples the generator. As 

the rotational speed of a wind turbine varies with the variation of wind pressure, the modern wind 

turbines use solid-state converters to convert the generated electrical energy to a required voltage 

level and frequency to feed the electrical grids. 

No one can control the wind pressure on the blades by any means it entirely depends on nature. The 

designers provide a protective system to all large wind turbine which aligns the blade-edge faces 

depending on the speed of the wind so that we can avoid breakage of the blades during high wind 

pressure. We call this technique the feathering. 
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Fig.3  HWAT 

3.2 Vertical axis wind turbine : 

There is another type of wind turbine which uses vertically aligned rotating shaft. We call this turbine 

Vertical Axis Wind Turbines or VAWTs. As it has the vertical axis, it does not have to align itself 

with the wind and hence using these turbines are more suitable where the direction of wind 

significantly varies. 

We can install this turbine even on the rooftop since the height of this turbine is much lesser than that 

of HAWT. Another significant advantage is that as the shaft is vertical, we can extend it to the bottom 

level where we can couple a generator with the vertical shaft with the help of ground-based gearbox 

which facilitates easier maintenance. 
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Fig.4 VAWT 

 

DISADVANTAGES IN VAWT : 

• Dynamic stall of the blades as the angle of attack varies rapidly. 

• The blades of a VAWT are fatigue –porne due to the wide variation in applied forces during 

each rotation. 

• Blades can twist and bend during each turn, causing them to break apart. 

• Less reliable. 
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                                                     CHAPTER-4 
 

           HELICAL BLADE VERTICAL AXIS WIND TURBINE 

 
HELICAL BLADE VAWT: 

4.1 INTRODUCTION : 
Vertical axis wind turbines (VAWTs) are gradually receiving more and more interest due to 

their lower sensitivity to the yawed wind direction. Compared with straight blades VAWT, blades  

with a certain helicity show a better aerodynamic performance and less noise emission. Now a days  

computational fluid dynamics technology is frequently applied to VAWTs and gives results that can 

reflect real flow phenomena. In this paper, a 2D flow field simulation of a helical vertical axis  wind 

turbine (HVAWT) with four blades has been carried out by means of a large eddy simulation(LES). 

The power output and fluctuation at each azimuthal position are studied with different tip speed ratio 

(TSR). The result shows that the variation of angle of attack (AOA) and blade-wake interaction under 

different TSR conditions are the two main reasons for the effects of TSR on power output. 

Furthermore, in order to understand the characteristics of the HVAWT along the spanwise direction, 

the 3D full size flow field has also been studied by the means of unsteady Reynold Averaged 

Navier-Stokes (U-RANS) and 3D effects on the turbine performance can be observed by the span 

wise pressure distribution. It shows that tip vortex near blade tips and second flow in the span wise 

direction also play a major role on the performance of VAWTs. 

 

• Work speed range: The VAWT starts to work under lower wind speeds (about 3 m/s) and can 

still work on high wind velocities (about 40 m/s). 

• Capturing all wind directions: Such turbines can catch wind in all directions without requiring 

the heavy and expensive directional mechanisms. 

• Efficiency over higher turbulence levels: The HAWT needs an axial wind incidence on the 

blades. Therefore, when wind turbulence increases, the efficiency decreases. However, VAWT 

catches the wind in all directions, so the change of wind directions, which is common in cities, 

does not affect its efficiency. 

• Turbine size: The mechanism of VAWT is simpler and much smaller. HAWT can be over 30 m 

high and 20 m diameter. VAWT is approximately 3 m high and 1.5 m diameter. 

• Construction, maintenance and transportation costs: As mentioned the VAWT is simpler and 

smaller therefore, the construction and maintenance are not complicated and due to the smaller 

scale, the cost for transportation is significantly lower than HAWT. 
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• Reduced noise pollution and visual disturbance level: This operating mode helps the helical 

vertical axis wind turbine make less noise (about 50 DB) and its twist geometry eliminates the 

flickering moving shadows casted by the blades. 

4.2 WORKING PRINCIPLE OF HELICAL AXIS WIND TURBINE : 

 

                        A wind turbine works on a simple principle. This figure shows how energy in the wind 

turns two or three propeller-like blades around a rotor. The dynamo is connected to the main shaft, 

which spins a generator to create electricity. Wind turbines are mounted on a tower to capture the 

most energy. At 100 feet (30 meters) or more above ground, they can take advantage of faster and less 

turbulent wind. Wind turbines can be used to produce electricity for a single home or building, or they  

can be connected to an electricity grid for more widespread electricitydistribution. 

 

 

Fig 5. HVAWT 
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4.3 Schematic representation : 

 

 

Fig .6 Working model 

 

 

4.4  COMPONENTS  USED: 

 1. Main shaft 

     2. Thread rods 

     3. Blades 

     4. bearing 
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     5.Rope/belt drive 

     6. Iron base 

     7. Dynamo 

     8. LED(20w) 

 

 

4.4.1 Main shaft: 

In this project we used MS pipe as the main shaft which is of height 51 inches. Mild steel 

(MS) pipes are manufactured using low carbon (less than 0.25%) steel. Due to low carbon 

content the pipes do not harden and are easy to use. As MS Pipes are made from mild steel 

they can easily be welded and formed in various shapes and sizes for pipelining and tubing 

purposes . These are generally used for drinking water supply  i.e. plumbing , firefighting, 

HVAC but can also be used in various other industrial and Engineering applications. These 

pipes are usually coated with other metals/paints/varnish etc to prevent it from rusting but 

extra care should be taken to prevent it under extreme conditions. 

 

 

 

Fig .7 Mild steel pipe. 
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Advantages: 

• Highly durable and elastic 

• Robust Metal 

• Easy Maintenance 

• Environment –friendly  

• Easily Recycled 

 

 

4.4.2 SUPPORT /THREAD ROD :  

A threaded rod, also known as a stud, is a relatively long rod that is threaded on both ends; the 

thread may extend along the complete length of the rod.They are designed to be used 

in tension. Threaded rod in bar stock form is often called all-thread. In this project we used 

thread rod which is of  8mm diameter and 10 inches long 

 

 

Fig.8 Threaded Rod. 
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4.4.3 Blades : 

In this project we  used a fiber sheet for the blade which is of 1mm thickness. It is flexible and 

easy to mould in any shape . We can also use other materials like Fiber Reinforced 

Polymer(FRP). 

 

 

Fig .9 Fiber sheet 

 

 

4.4.4 Bearings : 

A bearing is a machine element that constrains relative motion to only the desired motion, and 

reduces friction between moving parts. The design of the bearing may, for example, provide for 

free linear movement of the moving part or for free rotation around a fixed axis; or, it 

may prevent a motion by controlling the vectors of normal forces that bear on the moving parts. 

Most bearings facilitate the desired motion by minimizing friction. Bearings are classified 

broadly according to the type of operation, the motions allowed, or to the directions of the loads 

(forces) applied to the parts. 

Rotary bearings hold rotating components such as shafts or axles within mechanical systems, and 

transfer axial and radial loads from the source of the load to the structure supporting it. The 

simplest form of bearing, the plain bearing, consists of a shaft rotating in a hole. Lubrication is 
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used to reduce friction. In the ball bearing and roller bearing, to reduce sliding friction, rolling 

elements such as rollers or balls with a circular cross-section are located between the races or 

journals of the bearing assembly. A wide variety of bearing designs exists to allow the demands 

of the application to be correctly met for maximum efficiency, reliability, durability and 

performance. 

 

 

Fig .10 Bearing. 

 

4.4.5 ROPE/BELT DRIVE :  

A belt is a looped strip of flexible material used to mechanically link two or more rotating shafts. 

A belt drive offers smooth transmission of power between shafts at a considerable distance. Belt 

drives are used as the source of motion to transfer to efficiently transmit power or to track 

relative movement. 

 

 

Fig .11 Belt drive. 
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Advantages of belt drives: 
▪ Belt drives are simple are economical. 

▪ They don’t need parallel shafts. 

▪ Belts drives are provided with overload and jam protection. 

▪ Noise and vibration are damped out. Machinery life is increased because load fluctuations 

are shock-absorbed. 

▪ They are lubrication-free. They require less maintenance cost. 

▪ Belt drives are highly efficient in use (up to 98%, usually 95%). 

▪ They are very economical when the distance between shafts is very large. 

Disadvantages of belt drives: 

▪ In Belt drives, angular velocity ratio is not necessarily constant or equal to the ratio of 

pulley diameters, because of slipping and stretching. 

▪ Heat buildup occurs. Speed is limited to usually 35 meters per second. Power transmission 

is limited to 370 kilowatts. 

▪ Operating temperatures are usually restricted to –35 to 85°C. 

▪ Some adjustment of center distance or use of an idler pulley is necessary for wearing and 

stretching of belt drive compensation. 

 

4.4.6 Dynamo : 

 A device that makes direct current electric power using electromagnetism. It is also known as a 

generator, however the term generator normally refers to an "alternator" which creates alternating 

current . 

Dynamo is basically a DC generator, i.e. an electrical machine which converts mechanical power 

into direct current electrical power. Dynamo is essentially just another name for an electric dc 

generator. 

Generation of DC current in a dynamo is based on the Faraday’s law of electromagnetic induction. A 

dynamo consists of a field winding, armature winding and commutator-brush assembly. The field 

winding produces magnetic field. When the armature winding is rotated inside the magnetic field, by 

an external force, an emf is induced in the armature winding. The commutator-brush assembly is for 

taking the induced current out of the machine (in case of generator action).In this project we used 12v 

Dynamo . 
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Fig .12 Dynamo (12v). 

 

4.4.7 LED : 

In this project we used 20w, 12v LED lamp as the load which represents one of the residential 

applications. 

 

 

Fig.13 LED 
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4.5  CONSTRUCTION OF HELICAL BLADE VERTICAL AXIS WIND 

TURBINE :  

SELECTION  OF ASPECTRATIO, BLADEHEIGHT ANDDIAMETER : 

 

For vertical axis helical blade wind turbine, 

 Selected aspect ratio = 5 

Selected blade diameter(d) = 254mm  

Aspect ratio = h/d=5 

Blade height = 1300mm 

CALCULATION OF SWEPT AREA: 

Swept area of wind turbine = h*d  

Height of blade (h) = 1300mm 

      Diameter of blade (d)=254 mm 

Swept area = 1300*254 = 330200 mm^2 

 

REYNOLDS NUMBER : 

 

We can generate more power when the air flow is turbulent. 

The Reynolds number for turbulent  flow Re= ×10 

 

Re=ρ×V×d/υ 

 

Where, 

 

ρ=Density of air=1.201k /m 

V= Velocity of wind blower =10m/s 

 d= Diameter of Rotor=254mm 

υ= kinematic Velocity=1.8×  

Substituting the above values in equation  

 Re = (1.201×10×0.8) / (1.8× )  

Re=5.3377*10^5 
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4.6OUTPUT ENERGY : 

The wind energy is the kinetic energy of air in motion. When such energy passes 

through the turbine rotor, the kinetic energy is transformed into mechanical energy 

which makes the blades starting to move. The power output of the wind turbine is given 

by Equation 1: 

 

Where: 

P=Power output (W) 

A=Sweep area (m2) 

ρ=Air density (Kg/m3) 

v=Wind velocity (m/s) 

ηT=Wind turbine efficiency 

ηG =Generator efficiency 

The equation shows the velocity cubed (v3), the rotor sweep area, the air density and the 

turbine and generator efficiencies, hence, it is important to contemplate the turbine size to 

catch most out of the air mass, the installation place and the wind speed conditions. 

A wind turbine must be built under specific requirements according the purpose and usage. In 

this report, the objective is to produce a residential electricity supply, which is 1500 kW/per 

year on average. Using the power output equation and the environment conditions, it is 

possible to make an analytical calculation and determine the right rotor dimensions. 

According to ISA standards air density, d=1.225kg/m3 and the turbine and generator 

efficiencies which are about 0.35 and 0.9 respectively 
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Table representing wind velocities with respect to time and area: 

Table 1: At normal weather conditions 

 

 
S.NO  

Time 

Wind 

Sped 

N 

(rpm) 

Wind 

velocity 

V 

(m/s) 

Wind 

Powe

r IP 

(wt) 

Current 

Generated 

I 

(amp) 

Power 

Produced 

OP 

(wt) 

Overall 

Efficiency 

(%) 

 
1. 

 
9:00 

AM 

 
220 

 
9.21 

 
382.8 

 
7.41 

 
94.93 

 
24.8 

 
2. 

 
4:00 

PM 

 
243 

 
10.17 

 
516.63 

 
7.56 

 
96.84 

 
25.3 

 
3. 

 
8:00 

PM 

 
262 

 
10.97 

 
647.87 

 
7.66 

 
97.93 

 
25.6 

 
Table 2 : At hilly area with blower 

S.NO  

Time 

Wind 

Speed 

N 

(rpm) 

Wind 

velocity 

V 

(m/s) 

Wind 

Power

IP 

(wt) 

Current 

Generated 

I 

(amp) 

Power 

Produced 

OP 

(wt) 

Overall 

Efficiency 

(%) 

 
1. 

 
9:00 

AM 

 
58 

 
2.43 

 
7.03 

 
0.81 

 
1.040 

 
14.8 

 
2. 

 
4:00 

PM 

 
60 

 
2.52 

 
7.81 

 
0.94 

 
1.179 

 
15.1 

 
3. 

 
8:00 

PM 

 
62 

 
2.60 

 
8.61 

 
0.102 

 
1.31 

 
15.3 
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4.7 GRAPH : AZIMUTH ANGLE Vs ANGLE OF ATTACK : 

 

 

                                                                     Fig .14 Graph1 
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4.8 GRAPH : SPEED Vs OUTPUT POWER 

 

                                                               Fig .15 Graph2 

 

Table -Power output and   wind velocity 
 

Wind Velocity 
[m/s] 

Rotation Speed 
[rpm] 

Power output 
[W] 

~4 25.6 0.05 

5 111 10.44 

6 131 26.30 

7 161 55.74 

8 182 97.92 

9 215 160.2 

10 255 251.9 

11 258 304.4 

 

 

Table 3 : output power and wind velocities 
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4.9 ADVANTAGES : 

 

• Work speed range of helical wind turbine is more compared to vertical axis 

wind turbine. 

• It can capture the wind in all direction irrespective of angle of attack of wind. 

• Efficiency is more when the wind flow is turbulent. 

• Turbine size is small compared to other turbines. 

• Construction and Maintenance is easy. 

• Noise pollution is reduced. 

• Visual disturbance level is reduced. 
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                                                   CHAPTER-5 

                                                CONCLUSION 

The basic design formula yielded the wind turbine rotor dimensions with an 

aerodynamic power of 20 W at a rated wind speed of 4 m/s and a tip speed ratio of 1.1. The 

torque due to rotor rotation can be calculated by applying the lift and drag forces. The 

average output  was calculated as 25W, and the target output of 20Wwas satisfied. The 

output variation according to the rotor speed was measured at each wind speed. When the 

incoming wind speed is 4 m/s at the rotational speed of  rpm, the measured power output 

was 25 W, and the design method was validated. However ,the design method cannot 

predict the power output variation due to the number of blades, the twist angle of the 

helical blade, the pitch angle, and the position of the strut. These turbines are 

comparatively easy to build and the investment is also high when compared to the 

HAWTs. Since the turbines are smaller in size, they can be only used for low power 

applications such as for powering streetlights or the toll plazas. Moreover, they may also 

be used to power the advertisement hoardings. An advantage is that they can catch wind 

from all directions except top and bottom. In addition, they can be built lower so they are 

less visible and can withstand much harsher environments and do not need to be shut down 

at greater wind speeds. In this project we have fabricated one such vertical axis wind 

turbine with helical blades which can be used. 

Further research should be carried out for different geometry details of the helical rotor. 
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ABSTRACT 

  This project presents a 3-phase dc-link capacitor RMS current reduction method by 

increasing paralleled inverter module number for segmented traction drive. Compared with 

the existing 2-module paralleled system, our project investigates increasing paralleled 

module number can further reduce the value of dc-link capacitor RMS current.  

The results show that 2 paralleled modules can reduce 45% and 3 paralleled modules 

with 55% reduction, 4 modules with 70% reduction, 5 modules with 75% reduction, 6 

modules 80% reduction, respectively, with the proper interleaving scheme control.  

In this project we are going to increase the efficiency of the induction motor by using 

SVPWM controller in the inverter circuit. As a result there is further reduction in THD which 

implies to minimization of harmonics and hence the efficiency of motor increases due to 

improved supply.  
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CHAPTER-1 

INTRODUCTION 

1.1 Introduction: 

Practical inverters are non-sinusoidal and contain certain harmonics. For low and 

medium power applications, square wave or quasi-square wave voltage may be acceptable, 

but high-power applications, sinusoidal waveforms with low distortion are required. High 

power applications like traction drive and other industrial drives. Harmonic content present in 

the output of a DC-AC inverter can be eliminated either by using a filter circuit or by 

employing pulse width modulation (PWM) techniques. Use of filters has disadvantages of 

large size and cost, whereas use of PWM technique reduces the filter requirement. Use of 

PWM technique with multilevel inverter is one of the method for harmonic reduction. Another 

method is used for reduction of harmonics i.e., multilevel-multi module inverter for traction 

drive[1]. 

The traction drive starts at heavy loads. Due to this reason large amount of harmonics 

are induced in the traction drive. Due to these harmonics, heat will increases tremendously in 

the traction drive. The heat produced by the harmonics will reduce the life time of the traction 

drive. And also efficiency of the traction drive is reduces, this will increases the burden on the 

other auxiliary equipment in the traction drive. So these harmonics must be reduced to a safe 

value[3]. 

The harmonic content is reduced by modifying the inverter topology. Increasing the 

number of parallel modules is one of the harmonic reduction method in voltage source 

converter. It is known as interleaving method. In the interleaving method, single voltage 

source is used but the modules of the inverter are increased. The advantages of this method, 

increase the rating of the converter, as input current gets divided in two paths so the current 

stress on switches gets reduced, better efficiency. If the number of modules increases the 

harmonics reduces. Here three phase inverter is used; if the number of module increases the 

winding of the traction drive also increases[2]. 
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If the number of modules of the inverter increases the complexity of the system 

increases. To limit the number of modules, controller places a vital role. If the controller is 

used, the harmonics are reduced without increasing the number of parallel modules in the 

Inverter. The torque and speed characteristics of the traction drive can be improved by using 

the controller in the inverter. So using of controller can leads to better THD value compare to 

the without controller. And the performance of the system can be improved by using the 

controller[9]. 

1.2 Basics of Multilevel Inverter: 

The multilevel voltage source inverter’s unique structure allows them to reach high 

voltages with low harmonics without the use of transformers or series-connected synchronized 

switching devices. The general function of the multilevel inverter is to synthesize a desired 

voltage from several levels of DC voltages. For this reason, multilevel inverters can easily 

provide the high power required of a large electric drive[4]. 

As the number of levels increases, the synthesized output waveform has more steps, 

which produces a staircase wave that approaches a desired waveform. Also, as more steps are 

added to the waveform, the harmonic distortion of the output wave decreases, approaching 

zero as the number of levels increases. The structure of the multilevel inverter is such that no 

voltage sharing problems are encountered by the active devices. Using multilevel inverters as 

drives for electric motors is a much different application than for the utility applications for 

which they were originally developed. 

Two, Three module inverter drive systems that have used some form of multilevel PWM 

as a means to control the switching of the inverter sections have been investigated in the 

literature. Multilevel PWM has lower than that experienced in some two-level PWM drives 

because switching is between several smaller voltage levels. However, switching losses and 

Total Harmonic Distortion (THD) are still relatively high for these proposed schemes. 
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Fig 1.1 single-phase structure of a multilevel cascaded H-bridges inverter 

The most attractive features of multilevel inverters are as follows: 

1) They can generate output voltages with extremely low distortion and lower dv/dt. 

2) They draw input current with very low distortion. 

3) They generate smaller common-mode (CM) voltage, thus reducing the stress in  

the motor bearings. In addition, using sophisticated modulation methods, CM  

voltages can be eliminated. 

4) They can operate with a lower switching frequency. 

Through manipulation of the cascade inverter, with diodes blocking the sources, the 

diode- clamped multilevel inverter was then derived. The diode-clamped inverter was also 

called the Neutral-Point Clamped (NPC) inverter when it was first used in a three-level 

inverter in which the mid-voltage level was defined as the neutral point. Because the NPC 

inverter effectively doubles the device voltage level without requiring precise voltage 

matching, the circuit topology prevailed in the 1980s. The application of the NPC inverter 

and its extension to multilevel converter was found. 
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1.3 Total Harmonic Distortion (Distortion Factor): 

The THD is defined as the ratio of the rms value of the harmonic components to the 

rms value of the fundamental component and usually expressed in percent. This index is 

used to measure the deviation of a periodic wave form containing harmonics from a perfect 

sine wave. For a perfect sine wave at fundamental frequency, the THD is zero[2]. 

 

1.4 Induction Motor Model: 

The main objective of DTC is to control the induction motor. The per phase 

equivalent circuit of an induction motor is valid only in steady-state condition. In an 

adjustable speed drive like the DTC drive, the machine normally constitutes an element 

within a feedback loop and hence its transient behavior has to be taken into 

consideration[6]. 

The induction motor can be considered to be a transformer with short circuited and 

moving secondary. For simplicity of analysis, a three phase machine which is supplied 

with three-phase balanced supply can be represented by an equivalent two-phase machine 

as shown figure 1.2. 

Fig. 1.2 Two phase equivalent of a symmetric three-phase machine 
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The time-varying inductances are to be eliminated so as to obtain the dynamic model 

of the induction motor. The time-varying inductance that occur due to an electric circuits 

in relative motion and electric circuits with varying magnetic fields can be eliminated by 

transforming the rotor variables associated with fictitious stator windings. 

Consider a symmetrical three-phase induction machine with stationary a-b-c axis 

part. The three-phase stationary reference frame a-b-c variables can be transformed into 

two phase stationary frame d - q variables by the transformation matrix (1). 

 1 -1/2 -1/2  Vas  

Vdq0= -2/3 0 -√3/2  Vbs                                  

(1) 

 1/3 1/3 1/3  Vcs  

 

The voltage equations pertaining to the two phase machine in terms of flux linkages 

in the d - q axis can be expressed by (2)-(5) 

 

Where, 

Ib is the base speed 

Ir is the speed of rotating reference frame 

rs is the stator resistance. 
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The flux linkage equations pertaining to two axes model can be derived in terms of 

mutual flux by (12)               

 

Since the machine is singly fed, 

= 𝒗𝒒𝒓 = 𝟎                                                                                                       (10) 

 

The electromagnetic torque Te can be obtained from the flux linkages and currents as 

given by (11) 

                                                              𝟑       𝑷     1 
T= (𝑭𝒅𝒔𝒊𝒒𝒔 − 𝑭𝒒𝒔𝒊𝒅𝒔)                                                                                     (11) 
                                      𝟐   𝟐  𝝎𝒃 

 

Where, P is the number of poles. The mechanical speed of the rotor can be computed 

from expression (12) 

 

Where,  

TL is the Load Torque  

J is the Moment of Inertia.  

Hence the two equivalent circuit derived is as shown in fig.1.3. 
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Fig. 1.3 Equivalent circuit of Induction Motor in stationary reference frame 

1.5 Organization of Thesis: 

The thesis is organized in to five chapters. The organization of thesis is as follows: 

i. The Chapter-1 highlights of brief overview, summary of work carried out by 

various researchers, the objective of thesis and the outline of the thesis. 

ii. The Chapter -2 CONCEPT OF INDUCTION MOTOR 

iii. The Chapter-3 INVERTER AND CONTROLLER. 

iv. The Chapter -4 DESRIPTION OF INCREASING MODULE NUMBER 

METHOD. 

v. The Chapter-5 presents a detailed description of the MATLAB/SIMULINK 

results of multilevel multi module inverter fed SQIM motor without and with 

controller, with PWM modulation technique. The performance of the SQIM motor 

is evaluated. 
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CHAPTER – 2 

CONCEPT OF INDUCTION MOTOR 

2.1 Dynamic Equations of Induction Motor: 

The dynamic T- model of induction machine in the stator reference frame is given 

in Fig.2.1 

Fig. 2.1 T-model of Induction Motor 

The stator flux is given by, The stator flux is given by,  

 

While the rotor flux in the squirrel cage induction motor satisfies the relation, 

 

The torque developed ‘ Tm’ can be expressed in several forms, one such form is, 
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2.2 Basics of Direct Torque Control: 

The torque developed by in an induction motor can be written as, 

 

Here θsr denotes the angle between the stator flux and rotor flux and is called as torque 

angle. The torque can be controlled by adjusting this angle. 

 

The magnitude of stator flux λs, a measure of intensity of magnetic field in the 

motor is directly dependent on the stator voltage and is given in equation (5). The same 

stator voltage Vs can also be employed to control θsr there by controlling the torque 

developed. 

From Fig.2.1, it is observed that the derivative of stator flux reacts instantly to 

changes in the stator voltage, the respective two space vectors are separated in the circuit 

by the stator resistance 𝑅𝑠 only. However, the vector derivative of rotor flux ‘рλr’ is 

separated from that of stator flux by stator and rotor leakage inductances. Therefore the 

reaction of rotor flux vector to stator voltage is somewhat sluggish in comparison with 

that of stator flux vector. 

Fig. 2.2 Effect of Voltage Vector on Stator Flux and Torque 
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In Fig2.2, at a certain instant t, the initial vectors of stator and rotor are denoted by 

λs(t), λr(t) respectively. After a time Δt, the new stator voltage vector λs(t+Δt) differs from 

λs in both magnitude and direction. As time Δt is very small the changes in rotor flux has 

been negligible. 

The stator flux has increased and torque angle θsr has been reduced by Δθsr. Thus, 

appropriate selection of inverter states allows adjustments of both the strength of 

magnetic field of motor and developed torque. 

2.3 The Induction Motor Model: 

  A natural approach to obtain the equations that govern the behavior of the three 

phase squirrel cage induction motor consists on considering such as an electric machine 

formed by coupled coils in relative movement, and then try to solve the state equations 

directly for each phase in the time domain. Although the approach is totally legitimate, an 

immediate difficulty would be founded; the states of the equations are coupled; besides 

the coefficients of these equations vary with time, which gives a group of nonlinear 

differential equations as a result with varying coefficients in the time. Rarely explicit 

solutions can be obtained easily for this system of equations; for what should be resorted 

to diverse techniques to be able to solve this system, such as the linearization, the 

coordinate transformation and the hypothesis supposition on some parameters of the 

machine with simplification goals that are valid in the practice. 

Finally, after simplifying to a great extent the model of squirrel cage induction 

motor, considering that one has access to the speed measurement, making a 

transformation from the three phase system to the coordinated system of axes d and q 

which stay fixed and are related with the stator, and supposing that some parameters, the 

inductances of the machine winds for example, always remain constant, the following 

system of equations that is able to imitate the real behavior of the motor under normal 

conditions of operation is obtained:   
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The values with S sub-index refer to stator quantities and R to those of the rotor, besides the 

machine parameters values (resistances and inductances) are represented by phase.  

The previous model allows a relationship between the stator currents of the machine 

(i) in the coordinates Ls and Lr with rotor fluxes (λ), having as control input the voltage 

applied to the stator winds (v), that is in fact the voltage that will be controlled directly in 

the inverter by means of the DTC. 
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CHAPTER-3 

INVERTER AND CONTROLLER 

3.1 Introduction about Inverters: 

Fixed DC power can be converted into AC power at desired output voltage and 

frequency by using a power electronics circuit called an inverter. Switched-mode DC-to-

AC used in AC motor drives and uninterruptible AC power supplies where the objective 

is to produce a sinusoidal AC output whose magnitude and frequency can be controlled. 

Industrial applications of inverters are for adjustable-speed AC drives, HVDC 

transmission lines etc. DC power inputs that inverters can use are power supply network 

or rotating alternator through a rectifier, fuel cell, or photovoltaic array. 

There are two common types of inverters, 

i. Voltage Source Inverters and 

ii. Current Source Inverters. 

When an inverter has a DC source with a small or negligible resistance, which means the 

inverter has a stiff DC voltage source at its input terminal, it is called a VSI or voltage fed 

inverter. When the input DC source has high resistance, which means the DC source is a 

stiff DC current source, the inverter is called a CSI or current fed inverter. 

3.2 Overview of Multilevel Inverter and PWM Techniques: 

At first this chapter introduces the basic converter theory of power electronics. 

Then four mostly used multilevel inverter topologies and their basic operations as well as 

their relative advantages and disadvantages are presented. Finally some very simple 

modulation techniques used to control the output voltages of multilevel inverter are briefly 

described. The multilevel power conversion has been receiving increasing attention in the 

past few years for high power application.  

Numerous topologies have been introduced and studied extensively for utility and 

drive applications in the recent literature. These converters are suitable in high voltage 

and high power applications due to their ability to synthesize waveforms with better 
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harmonic spectrum and attain higher voltage with a limited maximum device rating. 

There is another method used for the inverters. In this method, the levels of inverter are 

constant but the module of the inverter is increased up to ‘n’ number. The disadvantages 

of other method can be overcome in this method. It is known as interleaving method. 

3.3 Concept of Pulse Width Modulation: 

Higher order harmonics in the load current could be easily filtered out using a 

series Inductor. A selected range of lower order harmonics can be reduced or eliminated 

by choosing the number of pulses per half cycle. When number of pulses increases then 

the order of harmonics is also increased and that can be easily eliminated by means of 

filters. 

In this method, a fixed AC voltage is given to the converter and controlled DC 

output voltage is obtained by adjusting the ON and OFF periods of the pulses. This is the 

most popular method of controlling the output voltage and this method is termed as pulse 

width modulation control. 

Advantages of PWM technique: 

i. The output voltage control can be obtained without any additional components. 

ii. Lower order harmonics can be eliminated or minimized along with its output 

voltage control.  

iii. As higher order harmonics can be filtered easily, the filtering requirements are 

minimized. 

3.4 SVPWM (Space Vector Pulse Width Modulation) Working 

Principle: 

Space Vector Modulation (SVM) was originally developed as a vector approach 

to Pulse Width Modulation (PWM) for three phase inverter. It is a more sophisticated 

technique for generating sine wave that provides a higher voltage to the motor with lower 

harmonic distortion. 
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The main aim of any modulation technique is to obtain variable output having a 

maximum fundamental component with minimum harmonics. SVPWM method is an 

advance: computation intensive PWM method and possibly the best techniques for 

variable frequency drive applications. 

The principle of pulse width modulation is explained by using the figure 3.1 and 3.2. 

The figure 3.1 shows a circuit model of a single phase inverter with a center-tapped 

grounded DC bus. 

 

Fig. 3.1 Circuit model of a single phase inverter 

 

Fig. 3.2 Pulse width modulation 

From the fig 3.2, the inverter output voltage is determined by the following ways 

i. When V control > V triangle means VAO = VDC/2 

ii. When V control < V triangle means VAO = VDC/2  

Also the inverter output voltage has the following features:                             

i. PWM frequency as same as the V triangle frequency. 
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ii. Amplitude is controlled by the peak value of V triangle. 

iii. The fundamental frequency is controlled by the frequency of V control. 

Modulation index (M) is defined as 

M =V control / V triangle;0≤M≤1 

The circuit model of a typical three phase voltage source inverter is shown in 

figure 3.3. S1 to S6 are the six power switches that shape the output, which are controlled 

by the switching variables a, a’, b, b’, c, and c’. When an upper switch (a, b, c) are 

switched ON i.e., a, b and c = 1, the corresponding lower switches (a’, b’, c’) switched 

OFF i.e., a’, b’ and c’ = 0. The upper switches and lower switches are complimentary to 

each other. Therefore the ON and OFF states of the upper and lower switches determines 

the output voltages. The SVPWM is a different approach from PWM modulation based 

on space vector representation of the voltage in the α-β plane. 

 
 

Fig. 3.3 Three phase voltage source inverter with a load and neutral point 

The space vector concept, which is derived from the rotating field of the induction 

motor, is used to modulate the inverter output voltage. In the modulation technique the 

three phase quantities can be transformed into their equivalent two-phase quantity either 

in synchronously rotating frames or stationary frame. From these two-phase components, 

the reference vector magnitude can be found and used for modulating the inverter output. 

The process of obtaining the rotating space vector is explained in the following section.  
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Considering the stationary reference frame, let the three phase sinusoidal voltage 

component be 

Va = Vmsinwt (6) 

Vb = Vmsin(wt-2π/3) (7) 

Vc = Vmsin(wt-4π/3) (8) 

There are eight possible switching combinations of ON and OFF patterns for the 

three upper power switches. The ON and OFF states of the lower power devices are 

opposite to the upper one and so are easily determined once the states of the upper power 

switches are determined. According to equation (6) to (8), output line to neutral voltage 

(phase voltage), and output line to line voltages in turns of DC link Vdc are given in the 

table 3.1. The figure 3.4 shows the eight inverter voltage vectors (V0 to V7). 

Table 3.1 Switching vectors, Phase voltages and Output Line to Line 

voltages 
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For 180° mode of operation, there exist six switching states and additionally 

two more states, which make all three switches of either upper arms or lower arms 

ON. To code these eight states in binary (one-zero representation), it is required to 

have three bits (23=8). And also, as always upper and lower switches are committed 

in complementary fashion, it is enough to represent the status of either upper or 

lower arm switches. In the following discussion, status of the upper bridge switches 

will be represented and the lower switches will it’s complementary. Let "1" denote 

the switch is ON and "0" denote the switch in OFF. Table-2.6 gives the details of 

different phase and line voltages for the eight states. 

 

Fig.3.4 The Eight inverter voltage vectors (Vo to V7) 

3.5 Study of SVPWM (Space Vector Pulse Width Modulation)   Based     

Three Phase Voltage Source Inverters: 

SVPWM is the best computational PWM technique for a three phase voltage 

source inverter because of it provides less THD & better power factor compare to 

Sinusoidal pulse width modulation SPWM. 
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For low power applications, switching losses are acceptable for specific range but 

for high power applications, switching losses become more significant. Because of 

switching losses, high frequencies (greater than 20 kHz) are less efficient than lower 

frequencies (as low as 100 Hz) due to efficiency of system reduces as switching losses 

increased, since for reducing filtering requirements we have to increase switching 

frequency which results in greater switching losses. Although switching losses can be 

reduced by modifying carrier signal in SPWM or using zero switching technique or shifting 

to multilevel inverters but on the other hand it results in greater harmonic distortion or 

poor power factor. 

SVPMW has greater flexibility to reduce switching losses. In SVPWM reduced 

switching losses are because of the changing of any one switching state which results in 

one single phase voltage change every time. If system needs further reduction in 

switching losses than another technique could be used for switching loss reduction based 

on stopping the control pulses of SVPWM for some duration and this duration depends 

upon angle of the load power factor. For different modulation indexes, extra switching can 

be eliminated in SVPWM. 
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CHAPTER – 4 

DESCRIPTION OF INCREASING MODULE NUMBER METHOD 

4.1 Introduction: 

Practical inverters are non-sinusoidal and contain certain harmonics. For low- and 

medium-power applications, square wave or quasi-square wave voltage may be 

acceptable, but high-power applications, sinusoidal waveforms with low distortion are 

required. High power applications like traction drive and other industrial drives. Harmonic 

content present in the output of a DC-AC inverter can be eliminated either by using a 

filter circuit or by employing Pulse Width Modulation (PWM) techniques. Use of filters 

has disadvantages of large size and cost, whereas use of PWM technique reduces the filter 

requirement. Use of PWM technique with multilevel inverter is one of the method for 

harmonic reduction. Another method is used for reduction of harmonics i.e., multilevel-

multi module inverter for traction drive as explained below. 

The application of Pulse Width Modulated (PWM) voltages using three phase 

voltage source inverters to a squirrel-cage induction motor (SQIM) can cause heating of 

rotor shaft, voltage spike across the motor terminals, etc. The increase in the number of 

steps of the motor voltage and hence decreasing the dv/dt applied to the machine 

terminals can be a solution to this problem. The existing topologies that generate this 

multistep voltage include cascading of a number of single-phase inverters or use of higher 

order multilevel inverters. In this paper, a topology with parallel connection of three-level 

inverters is proposed, which addresses the problems of medium-voltage drives. 

In the proposed concept, the main focus on the reduction of the DC-link capacitor. 

The DC-link capacitor, which is usually expensive and bulky, takes up large space in 

traction inverter. To improve the power density and reliability of traction inverters, the 

required DC- link capacitance has to be reduced. In order to reduce the size and increase 

the life time of the capacitor, an effective method is used. By reducing the current of the 

DC-link capacitor, therefore reduce the power loss and internal temperature of the 

capacitor. Several methods to reduce the current of the DC-link capacitor have been 

proposed. The capacitor current is reduced by the modification of the power inverter 
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topology. In a Voltage Source Inverter (VSI), two three-phase modules are connected in 

parallel to reduce the DC-link capacitance and therefore the required total capacitance can 

be obtained. In a segmented traction drive number of windings in electric machine and 

phase legs of the power inverter is proposed. The proposed inverter can reduce the DC-

link RMS current value if the number of modules increases in the segmented traction 

drive, the current ripple is reduced significantly. However, this method increases the 

complexity and cost of the inverter. 

As mentioned earlier, the capacitor current is reduced by increasing the number of 

modules in parallel. This type of technique is known as interleaving technique and the 

inverter known as interleaved inverter. The module value is given by 

In=1/In=1,…,In=n/In=1. The segmented traction drive system is formed by splitting the 

switches of the inverter and the windings of the motor into two groups and connecting 

each group of the switches and windings to form a drive unit. The major benefit of the 

segmented traction drive is the significant reduction of the capacitor current due to the two 

drive units performing interleaved switching. 

One of the significant advantages of multilevel configuration is the harmonics 

reduction in the output waveform without increasing switching frequency or decreasing 

the inverter power output. These multilevel inverters, in case of n-modules, can increase 

the capacity by (n+1) times than that of two phase inverter through the parallel connection 

of power semiconductor devices with additional circuit to have uniform voltage sharing. 

Comparing with two phase inverter system having the same capacity, multilevel inverters 

have the advantages that the reduction of harmonic component. 

4.2 Proposed Converter Topology: 

The term multilevel began with the three phase converter. Subsequently, several 

multilevel converter topologies have been developed. However, the elementary concept 

of a multilevel converter to achieve higher power is to use a series of power 

semiconductor switches with several lower voltage DC sources to perform the power 

conversion by synthesizing a staircase voltage waveform. Capacitors, batteries, and 

renewable energy voltage sources can be used as the multiple DC voltage sources. The 
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commutation of the power switches aggregates these multiple DC sources in order to 

achieve high voltage at the output; however, the rated voltage of the power semiconductor 

switches depends only upon the rating of the DC voltage source. 

The proposed concept configuration of three phase two-module inverter is shown 

in fig.4.1. Each phase legs of the two interleaved inverter are connected in parallel and the 

output is given to the traction drive. If “Vdc” is the DC-bus voltages of two-module 

inverter. 

Similarly, the connection is same for both three phase three-module and n-module 

inverters as shown in fig.4.2 and 4.3. If the number of module increases, the winding of 

the traction drive is also increases. If Vdc is the DC-bus voltages of ‘n’ inverter module 

and ‘n’ is the number of inverter modules. 

The motor rms phase voltage (VPh_motor) can be expressed as follows : 

Rms of Vph-motor= √3αmn Vdc/2√2 

Where m is the modulation index of the inverter topology defined as follows 

m = peak of Vph-inverter/n(Vdc/2) 

Vph-inverter is the total phase voltage reference of the inverter topology. For the given 

peak of Vph-motor, peak of Vph-inverter can be computed as 

peak of Vph-inverter = peak of Vph-motor /√3α 

The gate pulse of the three inverter is given as follows. The gate pulse of first  

module of the inverter is given to the second module and then third and so on up to the 

‘n’ module of the inverter. So the gate pulse of the each IGBT is same but the switching 

time is depend on the number of switches present in the inverter module. 

The switching time is defined as follows 

Switching time= 360°/(number of switches present in inverter) 
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So from above relation, says that the firing angle of the switch (IGBT) is reduced if the 

module number increases. 

 

 

Fig.4.1 Block diagram of three phase two module inverter architecture for 

segmented traction drive 

Let consider the three phase three module inverter. In the three module inverter, 

three phase inverters are connected in parallel as shown in below figure 4.2. From the 

figure 4.3, if the module number increases the winding of the traction drive is also 

increases. So the complexity of the system increases. The line voltages of the three phase 

inverters 1,2&3 are shown below figure 4.4. 
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Fig.4.2 Block diagram of three phase three module inverter architecture for 

segmented traction drive 

 

Fig.4.3 Block diagram of three phase n-module inverter architecture for segmented 

traction drive 
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Fig.4.4 Three parallel connected Inverters Individual voltages 

 

 

 

 

 

 

 

 

 

 



25 
 

CHAPTER-5 

SIMULATION RESULTS 

 

5.1 Model of Proposed and Convention Inverter Traction Drive: 

Simulation model of systems consisting of a three phase two module and three 

module inverter and an induction machine has been developed. A parallel connection of 

three phase inverters has been proposed for SQIM drive with interleaving method. The 

topology ensured high-power operations with medium-voltage output having voltage 

levels. 

Increasing the number of modules in the inverter without requiring higher rating 

of individual devices can reduce the harmonic distortion. The unique structure of multi 

module voltage source inverters allows them to reach high voltages with low harmonics 

without the use of transformers or series-connected synchronized-switching devices. The 

harmonic content of the output voltage waveform decreases significantly. 

In the conventional project, the three phase three module inverter topologies were 

discussed. Finally a simulink model is developed and simulation results are presented. A 

DC voltage source will be taken in simulink library and it should be connected to three 

phase inverters. Here a three phase IGBT bridge inverter is considered. For a connection 

like this, there are many advantages. One of the advantages is that there will be no 

problem because of imbalance at DC bus. Second advantage is reducing the switching 

frequency there by increasing the reliability and it is very economical when comparing 

with multilevel inverter topologies. Our final aim is to get less harmonic content for the 

three phases three module inverter connected in parallel. 

Similar voltage profiles can also be obtained by using higher order Neutral-Point-

Clamped (NPC) multilevel inverter bridge or by connecting a number of three- module 

inverters connected in parallel. However, the multilevel NPC inverters suffer from DC-

bus imbalance, device under utilization problems and unequal ratings of the clamped 

diodes, etc., which are not very serious problems for inverters with three level or lower. 
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Table.5.1 SQIM Motor Name plate details 

MOTOR DATA MOTOR SPECIFICATIONS 

Number of poles  

Rated power  

Stator line voltage  

Rated speed  

Nominal torque  

Rated line current 

Rotor resistance 

Rotor inductance 

4 poles 

 5.4HP 

400V 

1500 rpm 

20.0 Nm  

10.8A 

1.395 ohm 

0.005839 H 

Stator resistance 1.405 ohm 

Rotor inertia 0.0131 kg.m2 

Rated frequency 50Hz 

 

Motor Action: When an iron rod (or other magnetic material) is suspended in a 

magnetic field so that it is free to rotate, it will align itself with the field. If the magnetic 

field is moving or rotating, the iron rod will move with the moving field so as to maintain 

alignment. 

Rotating Field: A rotating magnetic field can be created from fixed stator poles by 

driving each pole-pair from a different phase of the alternating current supply 

Transformer Action: The current in the rotor windings is induced from the current in 

the stator windings, avoiding the need for a direct connection from the power source to 

the rotating winding. 
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5.2 Three-Phase Two Module Inverter: 

Fig.5.1 Simulink diagram of proposed circuit 

Fig.5.1 shows the simulink diagram of proposed parallel connected three phase 

two module inverter fed induction motor drive. It consists of two inverters connected in 

parallel. Phase shifted carrier based PWM is used as the modulation technique for 

inverter. 

From the above figure, it is clearly observed that the two three-phase inverters are 

connected in parallel. From the each phase leg of the two inverters are taken as combined 

output. From the three phase legs of the two inverters, three phase output is taken as 

output. By using the VI measurement block, the voltage and current waveforms are 

observed and placed in the result. The output of the VI measurement block is given to the 

three phase squirrel cage induction motor. By connecting a scope the performance 

characteristics of the induction motor is observed. FFT analysis is used for the 

measurement of the THD value in the inverter unit.  
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Fig. 5.2 Three phase two module inverter output voltage 

Let us see the output voltage and current waveforms of the three phase two 

module inverter topology. In a three phase output voltage we have positive, negative and 

zero as shown in Fig 5.2. It represents the combination of the three phase voltages. Here 

initially the magnitude of voltage are half of the maximum voltage, this is because of two 

reasons one is presence of capacitor, as it is already known that the capacitor does not 

allows the sudden changes in voltages and the second reason is during starting induction 

motor takes six times more than the loaded current, hence the voltage drop takes place. 

These two are main reasons for causing low voltages during starting. 

As mentioned earlier, the switching angle of IGBT is depend on the number of 

switches present in the two module inverter. From 3.1, we can say that the switching 

angle of each IGBT 30°. So each switch in module 1 can triggered at 30° after another to 

complete one full cycle. The switching operation is discussed earlier. By observing the 

switching action, for every instant of the switching angle two switches operates at a time. 

In fig.5.1 the switching blocks of the each inverter is shown. So for each inverter one 

switching block is present and switching period is given the number of switches present 

in the inverter. 
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Fig. 5.3 Three-phase two module inverter output current   

Fig.5.3 represents the output current of the three phase two module inverter. It 

comes from a three phase two module inverters are connected in parallel. Here the output 

voltage remains same because of parallel connection but the current is divided between 

the module 1 and module 2 in the two module inverter. 

The simulation for three phase two module inverter was performed and the 

stepped output voltages and current waveforms were obtained. Proper control strategies 

for switching of the multi module inverters were used. Care must be taken while 

implementing the switching strategies for it is vital in the desired operation of the inverters. 

The main aim of the modulation strategy of multilevel inverters is to synthesize the output 

voltage as close as possible to the sinusoidal waveform. Many modulation techniques 

have been developed for harmonic reduction and switching loss minimization. 

In the proposed concept, mainly focused on the THD value only along with that 

performance characteristics are also observed in the conventional concept. 
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Fig.5.4 Electromagnetic Torque and Speed curves of SQIM 

The above figure 5.4 shows the performance characteristics of the three phase 

two- module induction motor i.e., Electromagnetic torque and speed characteristics. From 

the figure it is clearly observed that the speed does not reach the steady state and the 

corresponding torque is also varies. 

5.3 Three Phase Three Module Inverter: 

The result of three phase three module inverter is shown below. The obtained 

results are about voltage, current and performance characteristics of the traction drive. 

Figure 5.5 shows the simulink model of three phase three-module inverter. 

The output voltage of three phase three module inverter is shown in fig 5.6. The 

switching angle of IGBT is depends on the number of switches present in the three 

module inverter. From the 3.1, we can say that the switching angle of each IGBT 20°. So 

each switch in module 1 can triggered at 20° after another to complete one full cycle. The 

switching operation is discussed earlier. By observing the switching action, for every 

instant of the switching angle three switches operates at a time. The number of switches 

operate in same instant can be depends on the number of modules present in the inverter.  
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Fig.5.5 The Simulink model of the interleaved three phase three module inverter 

without controller 

 

 

Fig.5.6 Output voltage of three phase three module inverter  
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The Total Harmonic Distortion (THD) value is obtained from the current 

waveforms of the three module inverter. The overall current waveform is shown in figure 

5.7. The harmonic value is obtained from the FFT analysis of the Simulink. 

 

 

Fig.5.7 Output currents of Three phase three module inverter 

 

The difference between the two module and three module number of modules and 

the firing angle of the switches are placed. And the THD reduction is given in below table 

5.2. From the table, the harmonic reduction in two module is reduced by 30% and in the 

three module harmonic is reduced by the 45%. 

Figure 5.8 represents the electromagnetic torque and rotor speed characteristics of 

the traction drive with three module inverter. The main motto of the proposed concept is 

that “if the module number increases the THD value of the inverter reduces.” The 

corresponding simulink results are shown below figures 5.9 to 5.13. The THD value of two 

module converter is 38.59%, and the THD value of the three module converter is 30.14%. 
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By comparing the both two module and three module of the three phase inverter, the value 

is decreased by 8.35%. If the switching frequency varies the value is further reduces. And 

the THD values of the three-phase four and five modules of the inverter is shown below 

figures. The THD value of the three phase four module inverter is 26.27% and for the 

five module inverter is 23.32%. From the result, it is clearly observed that the reduction 

of THD value is less if the number of modules increases. By comparing the four module 

and five module the reduction of THD is very less i.e., 2.95%. A comparison table 5.2 is 

done between the two, three, four and five module inverter. 

 

Fig.5.8 The electromagnetic speed and torque characteristics of the induction motor 

By observing the result, the performance of the traction drive is remains constant 

but the THD value is reduced. A controller is used to improve the performance of the 

traction drive. If the controller is used not only the performance but also the THD value is 

reduced. The corresponding simulink diagram and results are placed below. A comparison 

table is done between the without and with controller. 
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Fig.5.9 Three phase one module inverter THD value 

 

 

Fig.5.10 Three phase two module inverter THD value 
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Fig.5.11 Three phase three module inverter THD value 

 

Fig.5.12 Three phase four module inverter THD value 
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Fig.5.13 Three phase five module inverter THD value  

 

 

Fig.5.14 Three phase six module inverter THD value 
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Table 5.2 THD values for different number of module 

 

 

 

 

 

 

 

 

 

 

 

5.4 Three-Phase Three Module Inverter with Controller: 

The drawback of the proposed concept is that, if the number of modules increases 

the winding of the traction drive is also increases. So to obtain better result compared to 

proposed concept a controller is placed without increasing the number of modules in the 

inverter. The Total Harmonic Distortion (THD) and performance characteristics are also 

compared. The concept of this inverter is based on connecting three phase three-module 

inverter in parallel to get required voltage output. The output voltage is the same for each 

module in inverter but the current stress on each switch is reduced because of parallel 

connection. The conventional concept of three phase three module shown in figure 5.14. 

 The Space Vector Pulse Width Modulation (SVPWM) is used as modulation 

technique to get better response compared to proposed circuit. As mentioned in above 

chapter 2, the SVPWM technique has more advantages compared with sine wave pulse 

width modulation. 

S.NO Module number THD Value in % Reduction of 

harmonic in % 

module inverter 

1 1 module 55.24% - 

2 2 modules 38.59% 30.14% 

3 3 modules 30.41% 44.94% 

4 4 modules 26.27% 52.44% 

5 5 modules 23.32% 57.78% 

6 6 modules 20.73% 60.64% 
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Fig 5.15 Simulink diagram of three phase three module inverter with controller 

 

The results presented confirm that this type of voltage inverter effectively 

eliminates low frequency current harmonics at the output side of the inverter. The 

voltage, current and performance characteristics are shown in below figures. It clearly 

shows that the current waveforms are improved in with controller compared to without 

controller. The voltage waveforms are shown in figure 5.15. And the current waveform is 

shown in figure 5.16. By comparing the figures 5.3 and 5.15, it is clearly observed that 

the current waveform is improved and the obtained result is pure sine wave. 
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Fig 5.16 Output voltage three phase three module inverter 

 

 

 

Fig 5.17 Output current of three phase three module inverter with controller 
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Fig 5.18 THD value of three phase three module inverter with controller 

 

Fig 5.19 Electromagnetic torque and speed characteristics of the inverter with 

controller 



41 
 

The THD value of the three phase three module inverter with controller is shown 

in fig.5.17, the THD value is 3.21%. Fig.5.18 represents the performance characteristics 

of the traction drive with controller. By comparing the figures 5.4 and 5.18, observed that 

the performance of the traction drive is improved. The time to reach the steady state is 

less compared to without controller and the torque also constant after reaching steady 

state. Fig.5.18 shows that the torque is high at starting conditions because traction drive 

starts at heavy loads. 

Table 5.3 THD values for proposed concept & conventional concept 

S. No Parameter THD value in % 

1 Proposed concept 30.14% 

2 Conventional concept 3.21% 

 

Table 5.3 represents the THD values for the proposed and conventional concepts. 

In this comparison table, three-phase three module inverter is taken as proposed concept. 

Three-phase three module inverter with controller is taken as conventional concept. 

Table 5.4 Speed values of corresponding torque of Induction Motor for three 

module inverter with controller 

S.no Torque 

(N-m) 

Speed 

(rpm) 

Settling time 

(sec) 

1 6 1308 0.12 

2 4 1322 0.125 

3 4 1328 0.128 

 

The output of the conventional multi-module inverter for corresponding speed 

values the torque will be observed and it is represented in table 5.4. For speed control, the 

supply voltage must increase in step with the frequency; otherwise the flux in the machine 

will deviate from the desired optimum operating point. Practical motor controllers based 
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on frequency control must therefore have a means of simultaneously controlling the 

motor supply voltage. This is known as Volts/Hertz control. Increasing the frequency 

without increasing the voltage will cause a reduction of the flux in the magnetic circuit 

thus reducing the motor's output torque. The reduced motor torque will tend to increase 

the slip with respect to the new supply frequency. This in turn causes a greater current to 

flow in the stator, increasing the IR volt drop across the windings as well as the I2R 

copper losses in the windings. The result is a major drop in the motor efficiency. 

Increasing the frequency still further will ultimately cause the motor to stall. 
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CHAPTER-6 

LIMITATIONS 

If the load-torque requirement exceeds the maximum torque capability of the 

induction motor, the motor will not have enough torque to accelerate the load and will stall. 

For instance, if the load line required more torque than the motor could produce at the 

pull-up torque point (for example, 160% load torque versus 140% pull-up torque), the 

motor would not increase in speed past the pull-up torque speed and would not be able to 

accelerate the load. This would cause the motor to overheat, and/or overload devices to 

trip. It is, therefore, important to insure that the motor has adequate accelerating torque to 

reach full speed.  

Normally, the motor accelerates the load and operates at the point of intersection 

of the load line and the motor speed-torque curve. The motor then always operates 

between the breakdown torque point and the synchronous speed point, which corresponds 

to the 1500 RPM location on the horizontal axis. If additional load torque is required, the 

motor slows down or slips and develops more torque by moving up toward the breakdown 

torque point. Conversely, if less torque is required, the motor will speed up slightly toward 

the 1500 RPM point. Again, if the breakdown torque requirements are exceeded, the 

motor will stall.  

Increasing the voltage without increasing the frequency will cause the material in 

the magnetic circuit to saturate. Excessive current will flow giving rise to high heat 

dissipation due to I2R losses in the windings and high eddy current losses in the magnetic 

circuit and ultimately failure of the motor due to overheating. Increasing the voltage will 

not force the motor to exceed the synchronous speed because as it approaches the 

synchronous speed the torque drops to zero.
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CHAPTER-7 

CONCLUSION 

A interleaved connection of three-phase inverters has been proposed for a 

medium- voltage SQIM drive with increased voltage capacity. The topology ensured 

high-power operations with medium-voltage output having several voltage levels. The 

reduction in the ratings of the dc bus capacitor and reduced imbalance problems in the dc 

bus are some of the advantages of the proposed topology over the existing topologies.  

The disadvantage of the proposed topology is that, if the module number increases 

the stator winding of the machine is also increases. However, this will leads to complexity 

of the system for traction drive. In this project, conventional and the interleaved multi 

module inverter with controller is discussed. Finally simulink models of three phase two 

module inverter, three module inverter and three modules with controller are developed 

and simulation results are presented. By comparing the characteristics and total harmonic 

distortion (THD) of these three models it is concluded that, the three modules with 

controller inverter topology has many advantages than the two module inverter. 

Future Scope: 

Day by day the usage of the Induction Motor in industrial purpose & commercial 

purpose increases, due to variable speed compatibility. Hence the controlling over the 

harmonics present in the induction motor is very necessary for smooth operation. This 

paper helps to achieve smooth operation by reducing the harmonics by increasing the 

number of the modules. This may applicable to any type of AC Machines (i.e., synchronous 

motor) to control the operation and reduction of harmonics for achieving sooth running 

conditions. 
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1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering        
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2. Problem analysis: Identify, formulate, research literature, and analyze complex  
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8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities   
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9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with  

     the engineering community and with the society at large, such as, being able to  

     comprehend and write effective reports and design documentation, make effective  

     presentations, and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the  
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     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to              

     engage in independent and life-long learning in the broadest context of technological                       

     change. 

 

Programme Specific Outcomes(PSO): 

1. Apply the knowledge of circuit design, analogy & digital electronics to the field of 

electrical and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems 
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ABSTRACT 

 

             The project is designed to develop a four quadrant control system for a DC 

motor. The motor is operated in four quadrants i.e. clockwise, counter clock-wise, 

forward brake and reverse brake.  

             

             The four quadrant operation of the dc motor is best suited for industries where 

motors are used and as per requirement as they can rotate in clockwise, counter-clockwise 

and also apply brakes immediately in both the directions. In case of a specific operation 

in industrial environment, the motor needs to be stopped immediately. In such scenario, 

this proposed system is very apt as forward brake and reverse brake are its integral 

features. 

 

             Instantaneous brake in both the directions happens as a result of applying a 

reverse voltage across the running motor for a brief period. 555 timer used in the project 

develops required pulses. Push buttons are provided for the operation of the motor which 

are interfaced to the circuit that provides an input signal to it and in turn controls the 

motor through a driver IC. Optionally speed control feature can be achieved by push 

button operation.  

              

              This project can be enhanced by using higher power electronic devices to operate 

high capacity DC motors. Regenerative braking for optimizing the power consumption 

can also be incorporated. 
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CHAPTER-1 

INTRODUCTION 

The main goal of the project is to develop a speed control system for a dc motor for all quadrants 

with the help of a four quadrant unity to control clockwise, counter-clockwise, forward brake and 

reverse brake modes of a dc motor. The system is very useful for industries operation since industries 

usually require dc motor to operate in all four quadrants for various operational cases. 

 
The four quadrant operation of the dc motor is best for industries where motors are used and as per 

requirements as they can rotate in clockwise, counter-clockwise and also apply brakes immediately in 

both directions. In case of a specific operation in industrial environment, the motor needs to be 

stopped immediately. In such scenario, this proposed system is very important as forward brake and 

reverse brake is its integral feature. 

 
Instantaneous brake in both the directions happens as a result of applying a reverse voltage across the 

running motor for a brief period. 555 timer used in the project develops required pulses. Push buttons 

are provided for the operation of the motor which are interfaced to the circuit that provides an input 

signal to it and in turn controls the motor through a driver IC. Optionally speed control feature can be 

achieved by push button operation. This project can be enhanced by using higher power electronic 

devices to operate high capacity DC motors. Regenerative braking for optimizing the power 

consumption can also be incorporated. The system is very useful for industrial operation since 

industries usually require dc motor to operate in all four quadrants for  various operational cases.  

This system enables to operate motors in all four quadrants. The system uses an H-bridge motor drive 

for controlling the dc motor from a corresponding switch used by the user for pressing. The two 

switches are connected to the circuit for controlling movement of the motor and one switch for 

controlling speed. 

 
Dc motor controls have been used for speed and position control applications. In the past few years, 

the use of ac motor servo control/drive in these applications is increasing. In spite of that, in 

applications where an extremely low maintenance is not required, dc control/drive continues to be 

used because of their low initial cost and excellent drive performance. 
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CHAPTER-2 

BLOCK DIAGRAM & DESCRIPTION 

 
 

2.1: Block Diagram: 
 

 

Fig 2.1 Block Diagram 
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2.2. Description: 

This propose project puts forward a dc motor four quadrant based controlling system. This allows 

user to operate the dc motor in four different quadrants: 

 Forward Motoring 

 Forward Braking 

 Reverse Motoring 

 Reverse Braking 

The propose system use an H-bridge motor drive IC for controlling the dc motor from a 

corresponding switch used by the user for pressing. The four switches are connected to the circuit for 

controlling movement of the motor. The 555timers used in the project to develop the required pulses 

.and are used for changing the polarities of the motor as well as to stop the motor. In the regenerative 

mode, the current is applied to the circuit in such a way that a reverse torque is produced. The four 

quadrant of the dc motor is achieved by the varying duty cycle and then changing polarity with the H-

bridge IC by appropriate switch pressing.(Alternative speed control feature can be achieved by push 

button operation, also the motor can be control using L293D IC or using PI) but this project uses H-

bridge circuit to control the motor only. 

 
 In the first quadrant, power developed is positive and the machine is working as a motor 

supplying mechanical energy. The first quadrant is called forward motoring. 

 In the second quadrant operation is known as braking, in this quadrant the direction of 

rotation is positive and the torque is negative and thus, the machine operates as a generator 

developing a negative, which opposes the direction. 

 The kinetic energy of the rotating parts is available as electrical energy which may be supply 

back to the mains. In dynamic braking dissipated the energy is dissipated in the resistance. 

 The third quadrant operation is known as the reverse motoring. The motor works, in the 

reverse direction. Both the speed and the torque have negative value while the power is 

positive. 

 In the fourth quadrant, the torque is positive and the speed is negative. This quadrant 

corresponds to braking in the reverse motoring mode. 
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CHAPTER-3 

PRINCIPLE OF FOUR QUADRANT OPERATION 

A four-quadrant or multiple-quadrant operation is required in industrial as well as commercial 

applications. These applications require both driving and braking, i.e., motoring and generating 

capability. Some of these applications include electric traction systems, cranes and lifts, cable laying 

winders, and engine test loading systems. 

 
 

 
 

Fig 3.1.Four Quadrant DC Drives 

The different quadrant operations drive the motor with normal as well as reversal of both voltage and 

currents so as to run as well as to break the motor either in forward or reverse directions. 

3.1. Dc Motor Control: 

 A DC motor may operate in one or more modes (or quadrant) in variable speed applications. 

The major advantage of using DC motor is that the ease of its control. The speed of the DC 

motor is controlled by applying a variable DC input for below rated speed control. 

 For above rated speeds, the motor is controlled by applying variable current through its field 

winding. For reversing the direction of rotation, either polarity of the supply voltage (which is 

applied to armature terminals) or the direction of field current has to be changed. 

 By using DC motors, it is possible to obtain smooth speed control over a wide range in 

clockwise as well as anti-clockwise directions. 
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Fig 3.2.DC Motor 

 The torque of a DC motor is proportional to the armature current which in turn depends on  

the difference between back emf and applied voltage. Therefore, it is possible to make the 

motor to develop positive or negative torque simply by controlling the applied voltage to a 

greater or lesser than the back emf. 

 Thus an armature controlled DC machine is inherently capable of operating different modes 

or quadrants, generally it is known as four-quadrant operation of a motor. In multi-quadrant 

operation or four quadrant operation, motor accelerates or decelerates depending on whether 

motor torque is lesser or greater than load torque. 

 During motor acceleration, it should supply not only the load torque, but an additional 

component of load current to overcome the inertia. Motor positive torque produces the 

acceleration in forward direction. In this, the motor speed is positive when the motor is 

rotating in forward direction. 

 During motor deceleration, the resultant or dynamic torque has a negative sign. This torque 

assists with motor developed torque and maintains the motion by extracting the energy from 

stored energy. Hence the motor torque is considered as negative if it produces deceleration. A 

motor can be controlled in such a way that it operates in two cases; motor action and braking 

action. 

 Motor action converts the electric energy into mechanical energy and it produces forward 

motion, hence it called as motoring action, whereas braking action converts mechanical 

energy to electrical energy which gives forward braking motion, it is termed as generator. 
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3.2. Four Quadrant operation of a motor driving a hoist load: 

 This hoist consists of a cage with or without any load. A rope, generally made up of a steel 

wire is wounded on a drum to raise the cage and a balance weight. 

 This balance weight or counterweight magnitude is greater than that of empty cage, but less 

than the loaded cage. 

 For each quadrant of operation, direction of rotation, w, load torque, TL, and motor torque 

Tm are shown in figure. Consider that the load torque is constant and independent of motor 

speed. 

 The four operating modes of a hoist are described below. 

1. Loaded cage moving up: 
 

This is the first quadrant operation of the hoist in which the loaded cage is moving 

upwards. Due to the upward movement, the direction of rotation of motor will be in 

anticlockwise direction, i.e., positive speed. Here the load torque acts in opposite 

direction to the direction of motor rotation. 

Therefore, to raise the hoist to upwards, the motor torque, Tm must act in the same 

direction of motor speed, w. So both motor speed and motor torque will be positive. 

To make these as positive, the power taken from the supply should be positive. This is 

called forward motoring. 
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2. Empty cage moving up: 

This is the quadrant-2 operation of the hoist in which unloaded cage is moving upwards. 

As said above, the counterweight is heavier than the unloaded cage and hence hoist can 

move upwards at a dangerous speed. To prevent this, motor must produce a torque in the 

opposite direction of motor speed, w in order to produce brake to the motor. 

Therefore, the motor torque, Tm will be negative and motor speed, will be positive. 

Since the speed of the hoist is positive, it receives the power from the supply and hence 

the power is positive. This quadrant operation is called forward braking. 

3. Empty cage moving down: 

This is the quadrant-3 operation where empty cage is hoisting down as shown in figure. 

The downward journey of empty cage is prevented by the torque exerted by the 

counterweight. So the direction of motor torque, Tm should be in the same direction of 

motor rotation w. 

Due to the downward movement of the cage, the direction of rotation is reversed, i.e., w 

is negative and hence Tm is also negative. 

Since the machine acting as motor in reverse direction, it receives the power from the 

supply and hence power is positive. This quadrant operation is called reverse motoring. 
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4. Loaded cage moving down: 

In this quadrant, loaded cage is moving downwards. Since the loaded cage is moving 

downward (of which weight is more than counterweight), the motion takes place without 

use of any motor. 

But there will be a chance to go downward at a dangerous speed because of loaded cage. 

To limit the speed of the cage within a safe range, the electrical machine must act as a 

brake. 

In this the direction of the motor, w is negative and hence the motor torque Tm is 

positive to decrease the speed of the motor. Thus the power is negative that means the 

electrical machine delivering power to the supply. 

This phenomenon is called as regenerative action. This quadrant operation is called 

reverse braking. It is to be noted that the electrical machine acts as a motor in 1st and  

2nd quadrants and acts as a generator in 3rd and 4th quadrants. But the motor should be 

separately excited DC motor or three-phase AC induction motor to operate in these four 

different modes. 

 
3.3. FOUR QUADRANT OPERATION OF A DC MOTOR: 

In a separately excited DC motor, the steady state speed is controlled at any desired speed by 

applying the appropriate magnitude of voltage, also in either direction simply by giving 

appropriate polarity of the voltage. 

The torque of the motor is directly proportional to the armature current, which in turn depends on 

the difference between the applied voltage V and back emf, E, i.e., 

I = (V – E) / R 

Therefore, it is possible to develop positive or negative torque by controlling voltage, which is 

less than or more than the back emf. Hence the separately excited DC motor inherently exhibit 

four quadrant operation. 

The below figure shows four quadrant operation of a separately excited DC motor in which a dot 

symbol on one of motor terminals indicates the sign of the torque. 

The machine produces a positive torque, if current flows into the dot. Similarly the torque is 

negative, if current flows out of the dot. Also, the relative magnitudes of voltage and back emf are 

shown in figure. These four quadrants are explained below. 
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Fig3.3.FourQuadrantOperation 

1. Forward Motoring: 

In this mode of operation, the applied voltage is positive and greater than the back emf of the motor 

and therefore a positive current flow into the motor. Since both current and voltage are positive, the 

power becomes positive. And also the speed and torque are also positive in this quadrant. Therefore 

the motor rotates in forward direction. 

2. Forward Braking: 

In this mode of operation, the motor runs in forward direction and the induced emf continues to be 

positive. But the supplied voltage is suddenly reduced to a value which is less than the back emf. 
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Hence the current (there by torque) will reverse direction. This negative torque reverses the direction 

of energy flow. 

Since the load torque and motor torque are in opposite direction, the combined effect will cause to 

reduce the speed of the motor and hence back emf (motor emf is directly proportional to the speed) 

falls again below the applied voltage value. 

Hence, both current and voltage become positive and the motor settle down to first quadrant again. 

The process by which the mechanical energy of the motor is returned to the supply is called as 

regenerative braking. This quadrant operation is the example of regenerative braking. 

 
3. Reverse Motoring: 

This is the third quadrant operation of the motor in which both motor voltage and current are 

negative. Thus the power is positive, i.e., the power is supplied from source to load. 

Due to the reverse polarity of the supply, the motor starts rotating in a counter-clockwise direction  

(or reverse to normal operation). 

The operation of this quadrant is similar to the first quadrant, but only difference is the direction of 

rotation. The magnitude of voltage to the motor decides the appropriate speed in reverse direction. 

 
4. Reverse Braking: 

This is the quadrant-4 mode of operation in which motor voltage is still negative and its armature 

current is positive. This mode of operation is similar to the second quadrant operation and once again 

the regeneration occurs whenever the back emf is more than the negative supply voltage. 

Hence the torque will be positive which opposes the load torque, thus the speed of the motor will be 

reduced during reverse operation of the motor. 

This mode of operation is mostly used for plugging in order to stop the motor rapidly. During 

plugging, the armature terminals are suddenly reversed, which causes the back emf to force an 

armature current to flow in reverse direction. 
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CHAPTER-4 

DC MOTOR 

 

4.1. Introduction: 

DC motors are used extensively in adjustable-speed drives and position control 

applications. Their speeds below the base speed can be controlled by armature-voltage control. 

Speeds above the base speed are obtained by field-flux control. As speed control methods for DC 

motors are simpler and less expensive than those for the AC motors, DC motors are preferred where 

wide speed range control is required. Phase controlled converters provide an adjustable dc voltage 

from a fixed ac input voltage. DC choppers also provide dc output voltage from a fixed dc input 

voltage. The use of phase controlled rectifiers and dc choppers for the speed control of dc motors 

have revolutionized the modern industrial controlled applications 

 

4.2. Principle: 
 

 
An electric motor is an electrical machine which converts electrical energy into 

mechanical energy. The basic working principle of a DC motor is: "whenever a current carrying 

conductor is placed in a magnetic field, it experiences a mechanical force". The direction of this force 

is given by Fleming's left-hand rule and its magnitude is given by 

F = BIL. 

Where, B = magnetic flux density, 

I = current and 

L = length of the conductor within the magnetic field. 

 

 

4.3. Construction of DC machine: 

A DC generator can be used as a DC motor without any constructional changes 

and vice versa is also possible. Thus, a DC generator or a DC motor can be broadly termed as a DC 

machine. These basic constructional details are also valid for the construction of a DC motor. 

The below figure shows constructional details of a simple 4-pole DC machine. A DC machine 

consists of two basic parts; stator and rotor. Basic constructional parts of a DC machine are described 

below. 
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Fig.4.3.Construction 

1. Yoke: The outer frame of a dc machine is called as yoke. It is made up of cast iron or steel. It not 

only provides mechanical strength to the whole assembly but also carries the magnetic flux produced 

by the field winding. 

2. Poles and pole shoes: Poles are joined to the yoke with the help of bolts or welding. They carry 

field winding and pole shoes are fastened to them. Pole shoes serve two purposes; 

(i) they support field coils and (ii) spread out the flux in air gap uniformly. 

3. Field winding: They are usually made of copper. Field coils are former wound and placed on each 

pole and are connected in series. They are wound in such a way that, when energized, they form 

alternate North and South poles. 

 

 
Fig4.3.1 Armature core (rotor) 
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4. Armature core: Armature core is the rotor of a dc machine. It is cylindrical in shape with slots to 

carry armature winding. The armature is built up of thin laminated circular steel disks for reducing 

eddy current losses. It may be provided with air ducts for the axial air flow for cooling purposes. 

Armature is keyed to the shaft. 

 

5. Armature winding: It is usually a former wound copper coil which rests in armature slots. The 

armature conductors are insulated from each other and also from the armature core. Armature 

winding can be wound by one of the two methods; lap winding or wave winding. Double layer lap or 

wave windings are generally used. A double layer winding means that each armature slot will carry 

two different coils. 

 

6. Commutator and Brushes: Physical connection to the armature winding is made through a 

commutator-brush arrangement. The function of a commutator, in a dc generator, is to collect the 

current generated in armature conductors. Whereas, in case of a dc motor, commutator helps in 

providing current to the armature conductors. A commutator consists of a set of copper segments 

which are insulated from each other. The number of segments is equal to the number of armature 

coils. Each segment is connected to an armature coil and the commutator is keyed to the shaft. 

Brushes are usually made from carbon or graphite. They rest on commutator segments and slide on 

the segments when the commutator rotates keeping the physical contact to collect or supply the 

current. 

Fig4.3.2 Commutator 
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4.4. Working of DC motor: 

When the coil is powered, a magnetic field is generated around the armature. The left side of the 

armature is pushed away from the left magnet and drawn towards the right, causing rotation. 

 

 
Fig.4.4. Working Of DC Motor 

 

 
When the coil turns through 900, the brushes lose contact with the commutator and the current stops 

flowing through the coil. However the coil keeps turning because of its own momentum. 

Now when the coil turns through 1800, the sides get interchanged. As a result the commutator ring 

C1 is now in contact with brush B2 and commutator ring C2 is in contact with brush B1. 

Therefore, the current continues to flow in the same direction. 

 

 
4.5. Equivalent circuit of DC motor: 

The armature of a DC Motor can be represented by an equivalent circuit. It can be 

represented by three series-connected elements E, Ra and Vb. The element E is the back emf, Ra is 

the armature resistance and Vb is the brush contact voltage drop. 

The equivalent circuit of the armature of a DC motor is shown below. 
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Fig.4.5 Equivalent Circuit of Dc Motor 

 
In a DC motor, the current flows from the line into the armature, against the generated voltage. 

By applying KVL, 

 

Where, 

 V – Motor terminal voltage 

 Eb – Back EMF 

 Ia – Armature current 

 Ra – Armature circuit resistance 

The equation (1) written above is called the fundamental Motor Equation. It is seen that the Back 

EMF of the motor is always less than its terminal voltage V. The equation can also be written as 

shown below. 

 

The equation (2) is considered or applicable when the voltage drop Vb in the brushes is also taken 

into account. 
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5.1. Transformer: 

CHAPTER-5 

COMPONENTS DESCRIPTION 

The transformer is one of the most common devices found in electrical system that 

links the circuits which are operating at different voltages .These are commonly used in applications 

where there is a need of AC voltage conversion from one voltage level to another. It is possible either 

to decrease or increase the voltage and currents by the use of transformer in AC circuits based on the 

requirements of the electrical equipment or device or load. Various applications use wide variety of 

transformers including power, instrumentation and pulse transformers. 

 

In a broad, transformers are categorized into two types, namely, electronic transformers 

and power transformers. Electronic transformers operating voltages are very low and are rated at low 

power levels. These are used in consumer electronic equipments like televisions, personal computers, 

CD/DVD players, and other devices. The term power transformer is referred to the transformers with 

high power and voltage ratings. These are extensively used in power generation, transmission, 

distribution and utility systems to increase or decrease the voltage levels. However, the operation 

involved in these two types of transformers is same. So let us go in detail about the transformers. 

 

STEP-UP TRANSFORMER: 

In step-up transformer, the secondary voltage is more than the primary voltage. This is due to the 

lesser number of coils in the primary compared to the secondary. This type of transformer is used to 

raise the voltage to a higher level. These are used in transmission systems and are rated at higher 

power levels. 

STEP-DOWN TRANSFORMER: 

In step-down transformer, secondary voltage is less than the primary voltage due to the less 

number of turns in the secondary winding. Hence, this type of transformer is used to reduce the 

voltage to specified levels of the circuit. Most of the power supplies use the step-down transformer to 

keep the circuit operating range to a specified safer voltage limit. These types of transformers are 

used in distribution systems (power transformers) and in electronic circuits (electronic transformers). 

It is to be noted that the transformer is a reversible device, so it can be used as both step-up and 

step-down transformer. For example, if the circuit needs a high voltage we will connect the HV 



17  

terminals to the load whereas the load or circuit needs a low voltage, we will connect the LV 

terminals to the load. 

 

 

 

 

Fig.5.1.1 Step-down& Step-up Transformer 

The ratio of the voltage of a transformer is determined by the turns ratio. With the use of larger 

number of turns in the winding, higher will be the voltage produced in it. Hence, a step down 

transformer has lesser number of turns on secondary to produce a low voltage and has more turns on 

primary to withstand high voltage levels of the AC supply. 

Turns Ratio = Primary Voltage/ Secondary Voltage = Primary Turns/ Secondary turns 

The turns ratio is, VP /VS = NP /NS 

Working principle of transformer: 

The operation of the transformer is based on the principle of mutual induction between two coils or 

winding which are linked by a common magnetic flux. When the primary winding is energized with 

AC source supply, a magnetic flux is established in the primary winding. This flux is linked with 

both primary and secondary windings because the core provides a low reluctance path for the 

magnetic flux. Hence, most of the flux produced by the primary winding links with the secondary 

winding. This is called as main flux or useful flux. And also, the flux which does not link with the 

secondary winding is called as leakage flux. Most of the transformers are designed to have low 

leakage flux to reduce the losses. 

According to the Faraday’s laws of electromagnetic induction, this flux linkage with both primary 

and secondary windings induces EMFs in them. This EMF induced in each winding is proportional 
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to the number of turns in it. The voltage or EMF induced in the primary winding is called as back 

EMF which opposes the input supply voltage to the extent that no primary current would flow. But 

small magnetizing current flows through the primary of the transformer. The EMF induced in the 

secondary winding is the open circuit voltage. If the secondary circuit is closed or the load is 

connected, secondary current starts flowing through it which causes to create demagnetizing 

magnetic flux. Due to this demagnetizing flux, the unbalance is created between the applied voltage 

and back EMF. To restore the balance between these two, more current is drawn from the supply 

source so that equivalent magnetic field is created to balance with secondary field. 

Since the same mutual flux cuts both windings, the EMF induced in the each turn of both windings 

are same. Hence the total induced EMF in each winding must be proportional to the number of turns 

in that winding. This turns out for the establishment of well-known relationship between induced 

EMF and the number of turns. And is given as 

E1 /E2 = N1 / N2 

Since the terminal voltages of the both windings are slightly different from their induced EMFs, we 

can write as V1/V2 = N1/N2 

This is called as the transformation ratio of the transformer. This transformation value is greater than 

unity in case of step-up transformer and less than unity in step-down transformer. 

In terms of ampere turns balance, I1N1=I2N2 , I1/I2 = N2/N1 
 

Fig 5.1.2 Transformer 
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5.2. 7805 Voltage Regulator: 

A simple voltage/current regulator can be made from a resistor in series with a diode 

(or series of diodes). Due to the logarithmic shape of diode V-I curves, the voltage across the diode 

changes only slightly due to changes in current drawn or changes in the input. When precise voltage 

control and efficiency are not important, this design may be fine. Since the forward voltage of a  

diode is small, this kind of voltage regulator is only suitable for low voltage regulated output. When 

higher voltage output is needed, a zener diode V or series of zener diodes may be employed. Zener 

diode regulators make use of the zener diode's fixed reverse voltage, which can be quite large. 

 
Feedback voltage regulators operate by comparing the actual output voltage to some 

fixed reference voltage. Any difference is amplified and used to control the regulation element in 

such a way as to reduce the voltage error. This forms a negative feedback control loop; increasing the 

open-loop gain tends to increase regulation accuracy but reduce stability. (Stability is avoidance of 

oscillation, or ringing, during step changes.) There will also be a trade-off between stability and the 

speed of the response to changes. If the output voltage is too low (perhaps due to input voltage 

reducing or load current increasing), the regulation element is commanded, up to a point, to produce 

a higher output voltage–by dropping less of the input voltage (for linear series regulators and buck 

switching regulators), or to draw input current for longer periods (boost-type switching regulators); if 

the output voltage is too high, the regulation element will normally be commanded to produce a 

lower voltage. 

 
However, many regulators have over-current protection, so that they will entirely 

stop sourcing current (or limit the current in some way) if the output current is too high, and some 

regulators may also shut down if the input voltage is outside a given range (see also: crowbar 

circuits). 

 
A voltage regulator is a system designed to automatically maintain a constant 

voltage level. A voltage regulator may use a simple feed-forward design or may include negative 

feedback. It may use an electromechanical mechanism, or electronic components. Depending on the 
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design, it may be used to regulate one or more AC or DC voltages. A simple  voltage/current 

regulator can be made from a resistor in series with a diode (or series of diodes). 

 
Electronic voltage regulators are found in devices such as computer power supplies 

where they stabilize the DC voltages used by the processor and other elements. In automobile 

alternators and central power station generator plants, voltage regulators control the output of the 

plant. In an electric power distribution system, voltage regulators may be installed at a substation or 

along distribution lines so that all customers receive steady voltage independent of how much power 

is drawn from the line. 

Voltage sources in a circuit may have fluctuations resulting in not providing fixed 

voltage outputs. A voltage regulator IC maintains the output voltage at a constant value. 7805 IC, a 

member of 78xx series of fixed linear voltage regulators used to maintain such fluctuations, is a 

popular voltage regulator integrated circuit (IC). The xx in 78xx indicates the output voltage it 

provides. 7805 IC provides +5 volts regulated power supply with provisions to add a heat sink. 

 

7805 IC Rating: 

 Input voltage range 7V- 35V 

 Current rating Ic = 1A 

 Output voltage range VMax=5.2v ,VMin=4.8v 
 

 

Fig 5.2 5v Voltage Regulator 
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Pin Details of 7805 IC: 
 

Pin 

No. 

 

Pin 
 

Function 
 

Description 

 
1 

 
INPUT 

 
Input voltage (7V-35V) 

In this pin of the IC positive 

unregulated voltage is given in 

regulation. 

 
2 

 
GROUND 

 
Ground (0V) 

In this pin where the ground is given. 

This pin is neutral for equally the input 

and output. 

3 OUTPUT 
Regulated output; 5V (4.8V- 

5.2V) 

The output of the regulated 5V volt is 

taken out at this pin of the IC regulator. 

 
Table 5.2: Pin details of 7805 

 

As you may have noticed, there is a significant difference between the input voltage & 

the output voltage of the voltage regulator. This difference between the input and output voltage is 

released as heat. The greater the difference between the input and output voltage, more the heat 

generated. If the regulator does not have a heat sink to dissipate this heat, it can get destroyed and 

malfunction. 

 
Hence, it is advisable to limit the voltage to a maximum of 2-3 volts above the output 

voltage. So, we now have 2 options. Either design your circuit so that the input voltage going into the 

regulator is limited to 2-3 volts above the output regulated voltage or place an appropriate heatsink 

,that can efficiently dissipate heat. 

 
 

The 7805’s scaled output provides the input voltage (Vin) to the bandgap reference and 

the bandgap provides an error signal as the output. The 7805’s bandgap circuit removes the feedback 
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loop that exists inside a traditional bandgap reference. Instead, the entire chip becomes the feedback 

loop. 

 
If the output voltage is correct (5V), then the voltage divider provides 3.75V at Vin. The 

error output, in turn, decreases or increases the current through the output transistor. The negative 

feedback loop adjusts the output voltage until it is correct. 

 

Application areas for 7805 IC: 

7805 IC is used in a wide range of circuits. The major ones being: 
 

 Fixed-Output Regulator 

 

 Positive Regulator in Negative Configuration 

 

 Adjustable Output Regulator 

 

 Current Regulator 

 

 Adjustable DC Voltage Regulator 

 

 Regulated Dual-Supply 

 

 Output Polarity-Reversal-Protection Circuit 

 

 Reverse bias projection Circuit 

 

 7805 IC also finds usage in building circuits for inductance meter, phone charger, portable 

CD player, infrared remote control extension and UPS Power supply circuits. 

 
5.3. L293D Motor driver IC: 

 
L293D is a typical Motor driver or Motor Driver IC which allows DC motor to drive on either 

direction. L293D is a 16-pin IC which can control a set of two DC motors simultaneously in any 

direction. It means that you can control two DC motor with a single L293D IC. Dual H-bridge Motor 

Driver integrated circuit (IC).The L293D can drive small and quiet big motors. 
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This L293D IC works on the basic principle of H-bridge, this motor control circuit allows the voltage 

to be flowing in any direction. As we know that the voltage must be change the direction of being 

able to rotate the DC motor in both the directions. Hence, H-bridge circuit using L293D ICs are 

perfect for driving a motor. Single L293D IC consists of two H-bridge circuits inside which can 

rotate two DC motors separately. Generally, these circuits are used in robotics due to its size for 

controlling DC motors. 

Concept: 

It works on the concept of H-bridge. H-bridge is a circuit which allows the voltage to be 

flown in either direction. As you know voltage need to change its direction for being able to rotate 

the motor in clockwise or anticlockwise direction, Hence H-bridge IC are ideal for driving a DC 

motor. 

In a single L293D chip there are two h-Bridge circuit inside the IC which can rotate two dc 

motor independently. Due its size it is very much used in robotic application for controlling DC 

motors. Given below is the pin diagram of a L293D motor controller. 

 
There are two Enable pins on l293d. Pin 1 and pin 9, for being able to drive the motor, the 

pin 1 and 9 need to be high. For driving the motor with left H-bridge you need to enable pin 1 to 

high. And for right H-Bridge you need to make the pin 9 to high. If anyone of the either pin1 or pin9 

goes low then the motor in the corresponding section will suspend working. It’s like a switch. 

 

 
Fig 5.3.1: L293D Motor Driver IC Fig 5.3.2: Motor Driver IC L293D Pinout 
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Table 5.3.1 L293D Pin Configuration 
 
 

Pin 

Number 

 

Pin Name 

 

Description 

1 Enable 1,2 This pin enables the input pin Input 1(2) and Input 2(7) 

2 Input 1 Directly controls the Output 1 pin. Controlled by digital circuits 

3 Output 1 Connected to one end of Motor 1 

4 Ground Ground pins are connected to ground of circuit (0V) 

5 Ground Ground pins are connected to ground of circuit (0V) 

6 Output 2 Connected to another end of Motor 1 

7 Input 2 Directly controls the Output 2 pin. Controlled by digital circuits 

8 Vcc2 (Vs) Connected to Voltage pin for running motors (4.5V to 36V) 

9 Enable 3,4 This pin enables the input pin Input 3(10) and Input 4(15) 

10 Input 3 Directly controls the Output 3 pin. Controlled by digital circuits 

11 Output 3 Connected to one end of Motor 2 

12 Ground Ground pins are connected to ground of circuit (0V) 

13 Ground Ground pins are connected to ground of circuit (0V) 

14 Output 4 Connected to another end of Motor 2 
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15 Input 4 Directly controls the Output 4 pin. Controlled by digital circuits 

16 Vcc2 (Vss) Connected to +5V to enable IC function 

 

Where to use L293D IC: 

The L293D is a popular 16-Pin Motor Driver IC. As the name suggests it is mainly used to drive 

motors. A single L293D IC is capable of running two DC motors at the same time; also the direction 

of these two motors can be controlled independently. So if you have motors which has operating 

voltage less than 36V and operating current less than 600mA, which are to be controlled by digital 

circuits like Op-Amp, 555 timers, digital gates or even Micro controllers like Arduino, PIC, ARM 

etc.. 

Voltage Specification: 

VCC is the voltage that it needs for its own internal operation 5v; L293D will not use this voltage for 

driving the motor. For driving the motors it has a separate provision to provide motor supply VSS 

(V supply). L293d will use this to drive the motor. It means if you want to operate a motor  at 9V 

then you need to provide a Supply of 9V across VSS Motor supply. 

The maximum voltage for VSS motor supply is 36V. It can supply a max current of 600mA per 

channel. Since it can drive motors Up to 36v hence you can drive pretty big motors with this l293d. 

VCC pin 16 is the voltage for its own internal Operation. The maximum voltage ranges from 5v to 

36v. 

Features: 

 Can be used to run Two DC motors with the same IC. 

 Speed and Direction control is possible 

 Motor voltage Vcc2 (Vs): 4.5V to 36V 

 Maximum Peak motor current: 1.2A 

 Maximum Continuous Motor Current: 600mA 

 Supply Voltage to Vcc1(vss): 4.5V to 7V 

 Transition time: 300ns (at 5Vand 24V) 

 Automatic Thermal shutdown is available 

 Available in 16-pin DIP, TSSOP, SOIC packages 
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Common DC gear head motors need current above 250mA. There are many integrated circuits 

like ATmega16 Microcontroller, 555timer IC. But, IC 74 series cannot supply this amount of 

current. When the motor is directly connected to the o/p of the above ICs then, they might get 

damaged. To overcome this problem, a motor control circuit is required, which can act as a bridge 

between the above motors and ICs (integrated circuits). There are various ways of making H- 

bridge motor control circuit such as using transistor, relays and using L293D/L298. 

 

H-Bridge Circuit: 

A H bridge is an electronic circuit that allows a voltage to be applied across a load in any direction. 

H-bridge circuits are frequently used in robotics and many other applications to allow DC motors to 

run forward & backward. These motor control circuits are mostly used in different converters like 

DC-DC, DC-AC, AC-AC converters and many other types of power electronic converters. In 

specific, a bipolar stepper motor is always driven by a motor controller having two H-bridges. 

 

 
 

 

 

 
 

A H-bridge is fabricated with four switches like S1, S2, S3 and S4. When the S1 and S4 switches are 

closed, then a positive voltage will be applied across the motor. By opening the switches S1 and S4 

and closing the switches S2 and S3, this voltage is inverted, allowing invert operation of the motor. 

Generally, the H-bridge motor driver circuit is used to reverse the direction of the motor and also to 

break the motor. When the motor comes to a sudden stop, as the terminals of the motor are shorted. 
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Or let the motor run free to a stop, when the motor is detached from the circuit. The  table below 

gives the different operations with the four switches corresponding to the above circuit. 

 

Table 5.3.2: Operation of H-Bridge 

Motor driver operation: 

The IC L293D consists of 4-input pins where, pin2 and 7 on the left side of the IC and 

Pin 10 and 15 on the right side of the IC. Left input pins on the IC will control the rotation of a 

motor. Here, the motor is connected across side and right input for the motor on the right hand side. 

This motor rotates based on the inputs we provided across the input pins as Logic 0 and Logic 1. 

 

 

Fig.5.3.3: H-Bridge motor circuit with L293D IC 
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Let’s consider, when a motor is connected to the o/p pins 3 and 6 on the left side of the IC. For 

rotating of the motor in clockwise direction, then the i/p pins have to be provided with Logic 0 and 

Logic 1. 

When, Pin-2= logic 1 & pin-7 = logic 0, then it rotates in clockwise direction. 

Pin-2=logic 0 & Pin7=logic 1, then it rotates in anti-clockwise direction. 

Pin-2= logic 0 & Pin7=logic 0, then it is idle (high impedance state). 

Pin-2= logic 1 & Pin7=logic 1, then it is idle. 

In a similar way the motor can also operate across input pin-15 and pin-10 for the motor on the right 

hand side. The L4293D motor driver IC deals with huge currents, due to this reason, this circuit uses 

a heat sink to decrease the heat. Therefore, there are 4-ground pins on the L293D IC. When we solder 

these pins on the PCB (printed circuit board), then we can get a huge metallic area between the 

ground pins where the heat can be produced. 

All the Ground pins should be grounded. There are two power pins for this IC, one is the Vss(Vcc1) 

which provides the voltage for the IC to work, this must be connected to +5V. The other is Vs(Vcc2) 

which provides voltage for the motors to run, based on the specification of your motor you can 

connect this pin to anywhere between 4.5V to 36V, here I have connected to +12V. 

The Enable pins (Enable 1,2 and Enable 3,4) are used to Enable Input pins for Motor 1 and Motor 2 

respectively. Since in most cases we will be using both the motors both the pins are held high by 

default by connecting to +5V supply. The input pins Input 1,2 are used to control the motor 1 and 

Input pins 3,4 are used to control the Motor 2. The input pins are connected to the any Digital circuit 

or microcontroller to control the speed and direction of the motor. You can toggle the input pins 

based on the following table to control your motor. 

This is all about H Bridge Motor Control Circuit Using L293d IC. These ICs are generally used in 

robotics. 

 
Applications: 

 Used to drive high current Motors using Digital Circuits. 

 Can be used to drive Stepper motors. 

 High current LED’s can be driven. 

 Relay Driver module (Latching Relay is possible). 
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5.4. 7400 IC (Nand Gate): 

Overview: 

The 7400 series contains hundreds of devices that provide everything from basic logic gates, flip- 

flops, and counters, to special purpose bus transceivers and arithmetic logic units (ALU). Specific 

functions are described in a list of 7400 series integrated circuits. Some TTL logic parts were made 

with an extended military-specification temperature range. These parts are prefixed with 54 instead  

of 74 in the part number. A short-lived 64 prefix on Texas Instruments parts indicated an industrial 

temperature range [citation needed]; this prefix had been dropped from the TI literature by 1973. 

Since the 1970s, new product families have been released to replace the original 7400 series. More 

recent TTL logic families are developed using CMOS or BiCMOS technology rather than TTL. 

Today, surface-mounted CMOS versions of the 7400 series are used in various applications in 

electronics and for glue logic in computers and industrial electronics. The original through-hole 

devices in dual in-line packages (DIP/DIL) were the mainstay of the industry for  many decades. 

They are useful for rapid breadboard-prototyping and for education and remain available from most 

manufacturers. The fastest types and very low voltage versions are typically surface-mount only, 

however, the first part number in the series, the 7400, is a 14-pin IC containing four two-input  

NAND gates. Each gate uses two input pins and one output pin, with the remaining two pins being 

power (+5 V) and ground. This part was made in various through-hole and surface-mount packages, 

including flat pack and plastic/ceramic dual in-line. Additional characters in a part number identify 

the package and other variations. 

 

Unlike the older resistor-transistor logic integrated circuits, bipolar TTL gates were unsuitable to be 

used as analog devices, providing low gain, poor stability, and low input impedance. Special-purpose 

TTL devices were used to provide interface functions such as Schmitt triggers or monostable multi- 

vibrator timing circuits. Inverting gates could be cascaded as a ring oscillator, useful for purposes 

where high stability was not required. 

IC 7400 is the most popular logic family in integrated circuits. Texas Instruments has introduced the 

first logic chip namely SN5400 series TTL (transistor-transistor logic) in the year 1964. Later on, 

SN7400 series logic chip was introduced in the year 1966. These chips were gained above 50I of the 

logic chip market quickly. Finally, these ICs are becoming consistent electronic components. In the 

past decade, there are different pin-compatible generations with descendant families were developed 
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to give support for lower-power supply voltages, low-power CMOS technology, & surface-mount 

packages. 

The IC 7400 can be built with a number of devices, which provides all from basic logic-gates, FFs 

(flip-flops), counters to ALU, and bus transceivers. The extended family of digital ICs is 7400 series 

ICs. This series ICs mainly include different discrete logic chips like logic gates along with different 

registers, RAM units, and decoders. 

The IC 7400 is a 14-pin chip and it includes four 2-input NAND gates. Every gate utilizes 2-input 

pins & 1-output pin, by the remaining 2-pins being power & ground. This chip was made with 

different packages like surface mount and through-hole which includes ceramic (or) plastic dual-in- 

line and flat pack. 

 
 

Fig 5.4.1: IC -7400 

IC 7400 Pin Configuration: 

The pin configuration of 7400 IC is discussed below. 

 Pin1: It is an A-input Gate-1 

 Pin2: It is B-input Gate-1 

 Pin3: It is Y-output Gate-1 

 Pin4: It is an A-input Gate-2 

 Pin5: It is a B-input Gate-2 

 Pin6: It is a Y-output Gate-2 

 Pin7: It is a GND terminal 

 Pin8: It is a Y-output Gate-3 

 Pin9: It is a B-input Gate-3 
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 Pin10: It is an A-input Gate-3 

 Pin11: It is a Y-output Gate-4 

 Pin12: It is a B-input Gate-4 

 Pin13: It is an A-input Gate-4 

 Pin14: It is a Vcc pin (Positive Supply) 
 

 
 

 
 

Fig 5.4.2:7400 IC Pin Configuration 

 
IC 7400 Specifications: 

Some of the specifications and features of 7400 IC include the following. 

 The voltage supply is 5 V 

 Propagation delay for each gate will be 10 ns 

 Maximum toggle speed is 25 MHz 

 Power utilization for each gate is 10 MW 

 Independent 2-i/p NAND Gates- 4 

 The output can be interfaced with TTL, NMOS, CMOS. 

 The range of operating voltage will be large 

 Operating conditions are extensive 
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 Not suitable for new designs which use 74LS00 

 Using 7400 family-based integrated circuits, an engineer can design flip-flops (FFs), 

counters, buffers, and logic gates in different packages, and these can be connected as 

preferred to solve an exact problem 

 

IC 7400 Circuit Diagram using NAND Gate: 

The 7400 IC using NAND gate is most generally used transistor-transistor-logic (TTL) device. It can 

be built with 4-independent 2-input NAND gates. 

The main feature of this is that any type of logic gate can be designed with the help of only NAND 

gates. Thus, IC7400 is suitable to learn regarding digital logic & a universal-spare while particular 

logic functions are required. 

 

 

 

 

 

 
Fig 5.4.3 IC-7400-circuit-diagram-using-nand-gate 

The main function of NAND-gate is when all the inputs are high (1) or low (0), then only the output 

will be high (1). The function of this logic gate is complementary or opposite to AND gate. 

The Boolean expression of this gate is logic addition which is reverse to the AND gate. For example, 

if the logic expression of AND gate is A*B, then the logic expression of the NAND gate is A*B’. 

The frequently used logic gate IC is IC 7400 with AND gate. This logic gate includes 4-independent 

NAND gates by typical pin arrangement. It can operate at 70 degree C temperature. 
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Applications: 

The applications of IC 7400 include the following. 

 These ICs are used to design a system like theft or burglar alarms 

 These are used in freezer warning buzzer 

 These are used in theft alarms activated by light 

 These are used in an automatic watering system 

 
 

5.5. 555 Timer IC: 

The 555 timer IC is an integral part of electronics projects. Be it a simple project involving a single 8-

bit micro-controller and some peripherals or a complex one involving system on chips (SoCs), 

555 timer working is involved. These provide time delays, as an oscillator and as a flip-flop element 

among other applications. 

Introduced in 1971 by the American company Signetics, the 555 is still in widespread use due to its 

0low price, ease of use and stability. It is made by many companies in the original bipolar and low- 

power CMOS types. According to an estimate, a billion units were manufactured back in the year 

2003 alone. 

Depending on the manufacturer, the standard 555 timer package includes 25 transistors, 2 diodes and 

15 resistors on a silicon chip installed in an 8-pin mini dual-in-line package (DIP-8). Variants consist 

of combining multiple chips on one board. However, 555 is still the most popular. 

Pin diagram& Specifications: 
 

Fig 5.5.1: Pinout of IC 555 
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555 TIMER WORKING MODES: 

The 555 generally operates in 3 modes. A-stable, Mono-stable and Bi-stable modes. 

ASTABLE MODE: 

 
This means there will be no stable level at the output. So the output will 

be swinging between high and low. This character of unstable output is used as 

clock or square wave output for many applications. 

Fig 5.5.2: Astable Mode 

MONO-STABLE MODE: 

This configuration consists of one stable and one unstable state. The 

stable state can be chosen either high or low by the user. If the stable output is set at 

high (1), the output of the timer is high (1). At the application of an interrupt, the 

timer output turns low (0). Since the low state is unstable it goes to high (1) 

automatically after the interrupt passes. Similar is the case for a low stable mono- 

stable mode. 

 

 

 

 

 

 

 

 

 
Fig 5.5.3: Mono Stable Mode 
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BI-STABLE MODE: 

 
In bi-stable mode, both the output states are stable. At each interrupt, the 

output changes from low (0) to high (1) and vice versa, and stays there. For 

example, if we have a high (1) output, it will go low (0) once it receives an interrupt 

and stay low (0) till the next interrupt changes the status. 

 
 

Fig 5.5.4: Bistable Mode 

Some important features of the 555 timer: 

555 timer is used in almost every electronic circuit today. For a 555 timer working as a flip flop or as 

a multi-vibrator, it has a particular set of configurations. Some of the major features of the 555 timer 

would be, 

 It operates from a wide range of power ranging from +5 Volts to +18 Volts supply voltage. 

 Sinking or sourcing 200 mA of load current. 

 The external components should be selected properly so that the timing intervals can be made 

into several minutes along with the frequencies exceeding several hundred kilohertz. 

 The output of a 555 timer can drive a transistor-transistor logic (TTL) due to its high current 

output. 

 It has a temperature stability of 50 parts per million (ppm) per degree Celsius change in 

temperature which is equivalent to 0.005 I/ °C. 

 The duty cycle of the timer is adjustable. 

 Also, the maximum power dissipation per package is 600 MW and its trigger and reset inputs 

has logic compatibility. 
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5.6- DC Gear Motor: 

A gear motor is an all-in-one combination of a motor and gearbox. The addition of a gear head to a 

motor reduces the speed while increasing the torque output. The most important parameters  

regarding gear motors are speed (rpm), torque and efficiency (I). In order to select the most suitable 

gear motor for your application you must first compute the load, speed and torque requirements for 

your application. ISL Products offers a variety of Spur Gear Motors, Planetary Gear Motors and 

Worm Gear Motors to meet all application requirements. Most of our DC motors can be 

complimented with one of our unique gearheads, providing you with a highly efficient gear motor 

solution. 

 

 

 

 

 

 

 

 

Fig 5.6: DC Gear Motor 

GEAR MOTOR PERFORMANCE CURVES: 

 
A motors performance and gearbox performance are combined into one graph by displaying three 

specific parameters. These three parameters are speed, torque and efficiency. These performance 

curves are essential when selecting a gear motor for your application. 
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Speed/Revolutions (N) – (unit: rpm) indicated as a straight line that shows the relationship between 

the gear motors torque and speed. This line will shift laterally depending on voltage increase or 

decrease. 

Current (I) – (unit: A) indicated by a straight line, from no load to full motor lock. This shows the 

relationship between amperage and torque. 

Torque (T) – (unit: gf-cm) this is the load borne by the motor shaft, represented on the X- axis. 

Efficiency (η) – (unit: I) is calculated by the input and output values, represented by the dashed line. 

To maximize the gear motors potential, it should be used near its peak efficiency. Output (P) – (unit: 

W) is the amount of mechanical energy the gear motor puts out. 

 

 

Basic Principle Of Operation: 

A gear motor can be either an AC (alternating current) or a DC (direct current) 

electric motor. Most gear motors have an output of 1,200 to 3,600 revolutions per minute (RPMs). 

These types of motors also have two different speed specifications: normal speed and the stall-speed 

torque specifications. 

 
Gear motors are primarily used to reduce speed in a series of gears, which in turn 

creates more torque. This is accomplished by an integrated series of gears or a gearbox being 

attached to the main motor rotor and shaft via a second reduction shaft. The second shaft is then 

connected to the series of gears or gearbox to create what is known as a series of reduction gears. The 

longer the train of reduction gears, the lower the output of the end, or final, gear will be. 

 
An excellent example of this principle would be an electric time clock (the type that 

uses hour, minute, and second hands). The synchronous AC motor that is used to power the time 

clock will usually spin the rotor at around 1,500 revolutions per minute. However, a series of 

reduction gears are used to slow the movement of the hands on the clock. 

 
For example, while the rotor spins at about 1,500 revolutions per minute, the 

reduction gears allow the final secondhand gear to spin at only one revolution per minute. This is 

what allows the secondhand to make one complete revolution per minute on the face of the clock. 
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5.7- Potentiometer: 

A potentiometer is a three terminal resistor with a sliding or rotating contact that 

forms an adjustable voltage divider. If only two terminals are used, one end & the wiper, it acts as a 

variable resistor or rheostat. 

 
The measuring instrument called a potentiometer is essentially a voltage divider 

is used for measuring electric potential (voltage); the component is an implementation of the same 

principle, hence its name. 

 
Potentiometers are commonly used to control electrical devices such as volume 

controls on audio equipment. Potentiometers operated by a mechanism can be used as position 

transducers, for example, in a joystick. Potentiometers are rarely used to directly control significant 

power (more than a watt), since the power dissipated in the potentiometer would be comparable to 

the power in the controlled load. 

 

Fig 5.7: Potentiometer 

 
 

Drawing of potentiometer with case cut away, showing parts: (A) shaft, (B) stationary carbon 

composition resistance element, (C) phosphor bronze wiper, (D) shaft attached to wiper, (E, G) 

terminals connected to ends of resistance element, (F) terminal connected to wiper. A mechanical 

stop (H) prevents rotation past end points. 
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There are a number of terms in the electronics industry used to describe certain types of 

potentiometers: 

 Slide pot or slider pot: a potentiometer that is adjusted by sliding the wiper left or right (or up 

and down, depending on the installation), usually with a finger or thumb.

 Thumb pot or thumbwheel pot: a small rotating potentiometer meant to be adjusted 

infrequently by means of a small thumbwheel.

 Trim pot or trimmer pot: a trimmer potentiometer typically meant to be adjusted once or 

infrequently for "fine-tuning" an electrical signal.

 

 

 The potentiometer can be used as a voltage divider to obtain a manually adjustable output 

voltage at the slider (wiper) from a fixed input voltage applied across the two ends of the 

potentiometer. This is their most common use.

 
5.8-Other Important Components: 

5.8.1-Capacitors: 

The capacitor is a component which has the ability or “capacity” to store energy in the 

form of an electrical charge producing a potential difference (Static Voltage) across its plates, much 

like a small rechargeable battery. In this Project to double the voltage Capacitor plays a crucial role. 

 

 
Fig 5.8.1: Capacitor 

https://en.wikipedia.org/wiki/Voltage_divider
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In its basic form, a capacitor consists of two or more parallel conductive (metal) plates 

which are not connected or touching each other, but are electrically separated either by air or by 

some form of a good insulating material such as waxed paper, mica, ceramic, plastic or some form 

of a liquid gel as used in electrolytic capacitors. The insulating layer between a capacitors plates 

is commonly called the Dielectric. Due to this insulating layer, DC current cannot flow through 

the capacitor as it blocks it allowing instead a voltage to be present across the plates in the form 

of an electrical charge. 

The conductive metal plates of a capacitor can be either square, circular or rectangular, or 

they can be of a cylindrical or spherical shape with the general shape, size and construction of a 

parallel plate capacitor depending on its application and voltage rating. 

 
Electrolytic Capacitors: 

Electrolytic Capacitors are generally used when very large capacitance values are required. 

Here instead of using a very thin metallic film layer for one of the electrodes, a semi-liquid 

electrolyte solution in the form of a jelly or paste is used which serves as the second electrode 

(usually the cathode). 

The dielectric is a very thin layer of oxide which is grown electro-chemically in 

production with the thickness of the film being less than ten microns. This insulating layer is so 

thin that it is possible to make capacitors with a large value of capacitance for a small physical 

size as the distance between the plates, d is very small. 

 
 

 
Fig 5.8.1: Electrolytic Capacitor 

The majority of electrolytic types of capacitors are Polarized, that is the DC voltage 

applied to the capacitor terminals must be of the correct polarity, i.e. positive to the positive 

terminal and negative to the negative terminal as an incorrect polarization will break down the 

insulating oxide layer and permanent damage may result 



41  

Electrolytic Capacitors are generally used in DC power supply circuits due to their large 

capacitance’s and small size to help reduce the ripple voltage or for coupling and decoupling 

applications. One main disadvantage of electrolytic capacitors is their relatively low voltage 

rating and due to the polarization of electrolytic capacitors, it follows then that they must not be 

used on AC supplies. Electrolyte’s generally come in two basic forms; Aluminum Electrolytic 

Capacitors and Tantalum Electrolytic Capacitors. 

 
5.8.2-Resistors: 

A resistor is a passive two-terminal electrical component that implements electrical resistance 

as a circuit element. In electronic circuits, resistors are used to reduce current flow, adjust signal 

levels, to divide voltages, bias active elements, and terminate transmission lines, among other uses. 

High-power resistors that can dissipate many watts of electrical power as heat may be used as part of 

motor controls, in power distribution systems, or as test loads for generators. 

 

Fig 5.8.2: Resistors 

A resistor is  apassivetwo-terminalelectrical  component   that   implements   electrical 

resistance as a circuit element. In electronic circuits, resistors are used to reduce current flow, adjust 

signal levels, to divide voltages, bias active elements, and terminate transmission lines, among 

other uses. High-power resistors that can dissipate many watts of electrical power as heat may be 

used as part of motor controls, in power distribution systems, or as test loads for generators. Fixed 

resistors have resistances that only change slightly with temperature, time or operating voltage. 

Variable resistors can be used to adjust circuit elements (such as a volume control or a lamp 

dimmer), or assensingdevicesforheat, light, humidity, force, or chemicalactivity. 

Resistors are common elements of electrical networks and electronic circuits and are 

ubiquitous in electronic equipment. Practical resistors as discrete components can be composed 

of various compounds and forms. Resistors are also implemented within integratedcircuits. 
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The electrical resistance of a resistor is measured in ohms. The symbol for an ohm is the Greek 

capital-omega: Ω. the definition of 1Ω is the resistance between two points where 1 volt (1V) of 

applied potential energy will push 1 ampere (1A) of current. 

Table 5.8.2: Resistors Color code 
 

 

 
5.8.3-Diodes: 

A diode is a specialized electronic component with two electrodes called the anode and 

the cathode. Most diodes are made with semiconductor materials such as silicon, germanium, or 

selenium. 

The most common function of a diode is to allow an electric current  to  pass  in  one  

direction (called the diode's forward direction), while blocking current in the opposite direction (the 

reverse direction). Thus, the diode can be viewed as an electronic version of a check valve. This 
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unidirectional behavior is called rectification, and is used to convert alternating current (AC) to direct 

current (DC), including extraction of modulation from radio signals in radio receivers—these diodes 

are forms of rectifiers. 

However, diodes can have more complicated behavior than this simple on–off action, because 

of their nonlinear current-voltage characteristics. Semiconductor diodes begin conducting electricity 

only if a certain threshold voltage or cut-in voltage is present in the forward direction (a state in 

which the diode is said to be forward-biased). The voltage drop across a forward-biased diode varies 

only a little with the current, and is a function of temperature; this effect can be used as a temperature 

sensor or as a voltage reference. 

 

1N4007 Diode 
 

 
Fig 5.8.3: Diode representations: PN-junction model, schematic symbol, physical part. 

 

The schematic symbol of the diode is shown in Figure above (b) such that the anode (pointing end) 

corresponds to the P-type semiconductor at (a). The cathode bar, non-pointing end, at (b)  

corresponds to the N-type material at (a). Also note that the cathode stripe on the physical part (c) 

corresponds to the cathode on the symbol. 

 
If a reverse-biasing voltage is applied across the P-N junction, this depletion region expands, 

further resisting any current through it. Conversely, if a forward- biasing voltage is applied across the 

P-N junction, the depletion region collapses becoming thinner. The diode becomes less resistive to 
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current through it. In order for a sustained current to go through the diode; though, the depletion 

region must be fully collapsed by the applied voltage. This takes a certain minimum voltage to 

accomplish, called the forward voltage. 

 
5.8.4-PCB: 

 

 

Fig 5.8.4: PCB 

 
 

PCB means Printed Circuit Board. It is a thin, rigid sheet with holes pre-drilled at standard intervals 

across a grid, usually a square grid of 2.54 mm (0.1 in) spacing. These holes are ringed by round or square 

copper pads. That is, each pad is electrically isolated. Discrete components are soldered to the prototype 

board such as resistors, capacitors, and integrated circuits. 

It is used in giving Supply to all the components. We can give the positive and negative terminals of 

a battery the board and connect all the components to that board for the supply. 

 
It may be of various layouts. Once the layout is finalized, the components are soldered in  

their designated locations, paying attention to orientation of polarized parts such as electrolytic 

capacitors, diodes, and integrated circuits. Next, electrical connections are made as called for in the 

layout. 
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A  printed  circuit  board  (PCB)  mechanically  supports  and  electrically   connects  

electrical or electronic components using conductive tracks, pads and other features etched from one 

or more sheet layers of copper laminated onto and/or between sheet layers of a non-conductive 

substrate. Components are generally soldered onto the PCB to both electrically connect and 

mechanically fasten them to it. 

 
Printed circuit boards are used in all but the simplest electronic products. They are also used 

in some electrical products, such as passive switch boxes. 

 
A basic PCB consists of a flat sheet of insulating material and a layer of copper foil, 

laminated to the substrate. Chemical etching divides the copper into separate conducting lines called 

tracks or circuit traces, pads for connections, vias to pass connections between layers of copper, and 

features such as solid conductive areas for electromagnetic shielding or other purposes. The tracks 

function as wires fixed in a place and are insulated from each other by air and the board substrate 

material. The surface of a PCB may have a coating that protects the copper from corrosion and 

reduces the chances of solder shorts between traces or undesired electrical contact with stray bare 

wires. For its function in helping to prevent solder shorts, the coating is called solder resist or solder 

mask. 

https://en.wikipedia.org/wiki/Electrical
https://en.wikipedia.org/wiki/Electronic_components
https://en.wikipedia.org/wiki/Electrical_conductor
https://en.wikipedia.org/wiki/Industrial_etching
https://en.wikipedia.org/wiki/Laminated
https://en.wikipedia.org/wiki/Insulator_(electricity)
https://en.wikipedia.org/wiki/Soldering
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6.1. Results: 

CHAPTER-6 

RESULTS & CONCLUSION 

 

 
 

 

 
6.2. Advantages: 

Fig 6.1: Project Model 

 Effective Cost is reduced. 

 No need of microcontroller. 

 Control of the circuit is more precise and wide range. 

 Software is not required. 

6.3. Applications: 

 Electric Traction system 

 Battery operated vehicles 

 Lifts and Cranes 

 Auxiliary drives in robotic systems 

 Industries 
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6.4. Conclusion: 

The system is very useful for industrial operation since industries usually require dc motor to operate 

in all four quadrants for various operational cases. This project in future can be improved by using 

high power electronic devices to operate high capacity dc motors. Regenerative braking for 

optimizing the power consumption can also be incorporated. This system enables to operate motors 

in all four quadrants. Most industrial scenario dc motors are required to run in clockwise as well as 

anticlockwise motions as and when required. Some scenario also need the motor to be stopped in it 

motion. At such times front braking & reverse braking mechanisms are used. 

Hence speed and direction control of DC motor is achieved by 555Timer with 

Pulse Width Modulation technique and H-Bridge circuit. Without using microcontroller and any 

other programming language the cost of the circuit is reduced. The control which is obtained is more 

precise and wide range. Since I have used small electronic component this circuit can be easily 

converted to compact circuit. Thus the speed and direction is controlled successfully. 

 
6.5. Future Scope: 

Research is endless. The work done in this thesis could be further researched upon and extended by 

considering various other sophisticated advanced simulation tools, both in the hardware and in the 

software levels. The developed control strategy is not only simple but also reliable and may be easy 

to implement in real-time applications using other sources like IGBT, MOSFET, Chopper and BJT, 

Fuzzy logic. This project in future can be enhanced by using higher power electronic devices to 

operate high capacity DC motors. Regenerative braking for optimizing the power consumption can 

also be incorporated. 
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PROJECT PROFORMA 
 

 
Classification of Project 

Application Product Research Review 



   

Note: Tick Appropriate category. 
 

 
Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

 

 

Mapping Table 
 

Project 

Outcomes 

Programme Outcomes 
(POs) 

PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1 2  1 2 1   1  1  2 3 1 

Outcome 2        1  3  2 2 3 

Outcome 3 2 2 2 2    1 2   2 3 3 

Outcome 4 3 3 3 3    1  1 3 2 3 3 

 
Note: Map each project outcomes with POs and PSOs with either 1 or 

2 or 3 based on level of mapping as follows: 

1-Slightly (Low) mapped 2-Moderately (Medium) mapped 3-Substantially (High) mapped 

 
Programme Outcomes: 

1.  Engineering knowledge: Apply the knowledge of mathematics, science, 

engineering fundamentals and an engineering specialization for the solution 

of complex engineering problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze 

complex engineering problems reaching substantiated conclusions using  

first principles of mathematics, natural sciences, and engineering sciences. 
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3. Design/development of solutions: Design solutions for complex 

engineering problems and design system components or processes that meet the 

specified needs with appropriate consideration for public health and safety, and 

cultural, societal, and environmental considerations. 

4. Conduct investigations of complex problems: Use research-based 

knowledge and research methods including design of experiments, analysis 

and interpretation of data, and synthesis of t h e information to provide valid 

conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, 

resources, and Modern engineering and IT tools, including prediction and 

modeling to complex engineering activities, with an understanding of the 

limitations. 

6. The engineer and society: Apply reasoning informed by the contextual 

knowledge to assess societal, health, safety, legal, and cultural issues and the 

consequent responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the  

professional engineering solutions in societal and environmental contexts 

and demonstrate the knowledge of, and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of the engineering practice. 

9. Individual and teamwork: Function effectively as an individual, and as a 

member or leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering 

activities with the engineering community and with the society at large, such 

as, being able to comprehend and write effective reports and design 

documentation, make effective presentations, and give and receive clear 

instructions. 

11. Project management and finance: Demonstrate knowledge and 

understanding of the engineering and management principles and apply 

these to one’s own work, as a member and leader in a team, to manage projects 

and in multidisciplinary environments. 
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12. Life-long learning: Recognizes the need for, and have the preparation and 

ability to engage in independent and life-long learning in the broadest 

context of technological change. 

 
Programme Specific Outcomes (PSO): 

 

1. Apply the knowledge of circuit design, analog & digital electronics to 

the field of electrical and electronics systems 

 
2. Analyze, design and develop control systems, industrial drives and 

power systems using modern tools. 
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ABSTRACT 

 

                            The project is designed to develop a density based dynamic traffic 

signal system. The signal timing changes automatically on sensing the traffic density at 

the junction. Traffic congestion is a severe problem in many major cities across the 

world and it has become a nightmare for the commuters in these cities.  

                            Conventional traffic light system is based on fixed time concept 

allotted to each side of the junction which cannot be varied as per varying traffic 

density. Junction timings allotted are fixed. Sometimes higher traffic density at one side 

of the junction demands longer green time as compared to standard allotted time. 

                            The proposed system using a microcontroller of 8051 family duly 

interfaced with sensors, changes the junction timing automatically to accommodate 

movement of vehicles smoothly avoiding unnecessary waiting time at the junction. The 

sensors used in this project are IR and photodiodes are in line of sight configuration 

across the loads to detect the density at the traffic signal. The density of the vehicles is 

measured in three zones i.e., low, medium, high based on which timings are allotted 

accordingly.  

                            Further the project can be enhanced by synchronizing all the traffic 

junctions in the city by establishing a network among them. The network can be wired 

or wireless. This synchronization will greatly help in reducing traffic congestion. 
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CHAPTER 1 

INTRODUCTION 

1.1 Overview 

Now a days all traffic signaling systems are predefined, i.e. having fined time 

slots for every direction.  Hence any one of the directions, having more traffic may not 

be controlled by the existing system.  This problem may be solved with the help of new 

concept, allotment of time based on traffic density. 

 

The objective of this project is to reduce the traffic on four directions based on 

the traffic density.  Here the time slots of the signals are decided based on the traffic 

density. 

 

Here initially we are sensing the traffic density by keeping IR transmitters and 

receivers at two edges of road at different places. If any vehicle is in between these two 

interrupts, IR receiver output is one connected to the microcontroller. It is sensed by the 

micro controller here we are allotting more time for more traffic directions and less 

timing for less traffic areas. Here we have established four junction road traffic signal 

lights. Each road is having two IR sensors, two lights (red, green)   Here we used the 

popular microcontroller MCS 51 series family 89c52 for executing the entire process. 

The 16 x 2 matrix LCD display is used to indicate the remaining time of each direction. 

 

If any road is not having traffic, the signals automatically switch over to 

subsequent road having traffic. We have given a piezo buzzer for giving beep when 

there is no traffic in four roads along with red light blink.  The assembly language 

program is written for executing the above process. 

           

            The project is constructed by Micro-controller, Darlington transistor array, 

16X2 LCD display, Piezo buzzer etc. The program is written in micro controller 

assembly language. 
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CHAPTER 2 

BLOCK AND CIRCUIT DESCRIPTION 
 

In this chapter the block diagram and the modules used in this work are going to be 

discussed.   

2.1 Modules of Block Diagram. 

 Fig.2.1 shows the block diagram of Traffic Density controller with various 

modules. Each of these modules is described in this section. 

          All the modules used in block diagram are shown above. 

 

 

 

 

 

 

 

 

 

 

                                                                                                

                           

 

Fig.2.1 Block Diagram  
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2.2 AT89C52 Micro Controller: 

The AT89C52 is a CMOS 8-bit microcontroller. It provides the following 

standard features: 8 Kbytes of Flash, 256 bytes of RAM, 32 I/O lines, two 16-bit 

timer/counters, a five vector two-level interrupt architecture, a full duplex serial port, 

on-chip oscillator and clock circuit.   

The Port pins P0.0, P0.1, P0.2, P0.3, P0.4, P0.5, P0.6, P0.7, P2.7, P2.6, P2.5 are 

connected to LCD specified as an output port. The pins P1.0,  P1.1, P1.2, P1.3, P1.4, 

P1.5, P1.6, P1.7 are connected to the IR Sensors. P3.0, P3.1, P3.2, P3.3, P3.4, P3.5, 

P3.6, P3.7 are connected to the  LEDs. 

 

 

             Fig.2.2.1 Circuit Diagram of Traffic Density Control 

 

 

VCC

VCC
VCC

VCCVCC
VCC

VCC

VCC

VCC

+12v
VCC

IR LED

Q9

BC547

330E
IR LED

IR LED

330E

IR LED

LCD

1A
2A
3A
4A
5A
6A
7A
8A
9A

10A
11A
12A
13A
14A

LED

11.0592

103 J SIP

1 9 345678 2

33PF

104

33PF

PHOTO DIODE

LED

+

10/16 RESISTOR VAR

AT89C52

9

18
19

20

29
30

31
401

2
3
4
5
6
7
8

21
22
23
24
25
26
27
28

10
11
12
13
14
15
16
17

39
38
37
36
35
34
33
32RST

XTAL2
XTAL1

GND

PSEN
ALE/PROG

EA/VPP
VCCP1.0/T2

P1.1/T2-EX
P1.2
P1.3
P1.4
P1.5
P1.6
P1.7

P2.0/A8
P2.1/A9

P2.2/A10
P2.3/A11
P2.4/A12
P2.5/A13
P2.6/A14
P2.7/A15

P3.0/RXD
P3.1/TXD
P3.2/INT0
P3.3/INT1
P3.4/T0
P3.5/T1
P3.6/WR
P3.7/RD

P0.0/AD0
P0.1/AD1
P0.2/AD2
P0.3/AD3
P0.4/AD4
P0.5/AD5
P0.6/AD6
P0.7/AD7

8.2K
103 J SIP

1 9 345678 2

103 J SIP

193 4 5 6 7 82

LED LED

PHOTO DIODE

LEDLEDLED

PHOTO DIODE

PHOTO DIODE

PHOTO DIODE

ULN2003A

1234567

1
6

1
5

1
4

1
3

1
2

1
1

1
0

9

1
B

2
B

3
B

4
B

5
B

6
B

7
B

1
C

2
C

3
C

4
C

5
C

6
C

7
C

C
O

M

PHOTO DIODE

103 J SIP

193 4 5 6 7 82

+C?
1000/25

U?
L7805

1

3

2
VIN

G
N

D VOUT
D?
4007

D?
4007

+C?
100/16

CN?
Power

1
2
3
4

IR LED
330E

330E

330E

330E

IR LED

IR LED
330E

IR LED

330E

LED

G
r
e
e
n

R
e
d

R
e
d

G
r
e
e
n

R
e
d

R
e
d

G
r
e
e
n

G
r
e
e
n

1
6
 
X
 
2
 
L
C
D

POWER SUPPLY



 

 5 

2.3 Liquid Crystal Display: 

 The 16 x 2 parallel – operated dot matrix LCD display is connected to the port 

0, port 2, of Micro controller as shown in the circuit diagram.  The data pins from Do to 

D7 are connected to p0.0 top0.7.  The control lines p2.7 is connected to register select, 

p2.6 is connected to Read/write, p2.5 is connected to enable pin of LCD display. 

 A 2.5v is applied to the contrast pin of LCD for getting 50% of the contrast, Vcc, 

ground, back lighting Vcc, ground.  5V is applied to the module for proper operation.  

The bi-directional LCD protocol is written in microcontroller for exchanging datas 

between microcontroller and LCD display. 

 

2.4 LED Drive: 

 Here in this work all 8 LEDs are connected to p 3.0 to p3.7 via ULN 2803 

Darlington transistor pair pack.  The LEDs are connected to the Vcc via 330 ohms series 

resistor. The LEDs enter into ON state when port maintains bit 1 and the LED enters in 

to the OFF state while maintaining 0 signal. 

 

2.5 Sensing Part: 

 Here the 5v is applied to IR LED via 330 ohms resistor in forward bias, the IR 

LED emits constant IR light in the free space. The light is focused on the photo diode 

kept at opposite to the IR LED, connected in reverse bias in series with 10 k ohms 

resistor. The junction is connected to the port P1.0 of Microcontroller. When the IR 

light is focused on the photo diode, that maintains very low resistance due to that the 

P1.0 maintains low i.e 0 V. When any obstruction is there in between IR LED and 

photo diode, there is no IR   focused on the photo diode that maintains very high 

resistance due to that the port maintains high signal i.e ,5V (bit-1) 

  

            Like this we are connected 8 sensors for port 1 (P1.0 to P1.7). These 8 sensors 

are organized in 4 rows of each 2 sensors. 
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2.6 Buzzer and Drive: 

A buzzer or beeper is a signaling device, usually electronic, typically used in 

automobiles.  Now-a-days, it is more popular to use a ceramic-based piezo-electric 

sounder like a Sonalert which makes a high-pitched tone. Usually these were hooked up 

to driver” circuits which varied the pitch of the sound or pulsed the sound on and off. 

 The buzzer ON and OFF is controlled by the switching transistors (BC547).  

The buzzer is connected in the transistor collector terminal.  When high pulse signal is 

given to base of the transistors, the transistors is conducting buzzer is energized and 

produces sound. 

 When low pulse is given to base of transistor the transistor is turned OFF, and 

no current flows through the buzzer and buzzer is in off state. 

 

Buzzer Driver: 

 

Fig 2.6:Buzzer Driver 

2.7   Crystal Oscillator: 

  In this oscillator section we have used 11.0592 MHz crystal Oscillator 

connected to the pin No.18 and 19 of Micro Controller along with 33PF capacitor 

connected to the ground. The crystal generates a sine wave that is internally converted 

into square wave subsequently divided by 12 for general operation. 

 

2.8  Reset Logic: 

In this reset logic we have connected a 10 Microfarad capacitor and 8.2k 

resistor series network to the pin No.9 of Micro Controller that provides active high 

VCC

Q?
BC547

D?
4007

+

12 V

-

Buz

µC PORT 
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RST signal to the Micro Controller. At the time  t =0 sec the capacitor acts as a short 

circuit, due to that 5V is applied at RST pin. Slowly it comes to 0V after complete 

charge of capacitor. After reset the Micro Controller’s program counter selects 000H of 

internal flash.  

            The EA pin is tied to Vcc for execution of program from the internal 8Kbytes 

flash memory. 

 

2.9  Power Supply: 

The Power Supply is a Primary requirement for the project work.  For this purpose 

center tapped secondary of 12V-012V transformer is used. Centre tapped full wave 

rectifier is used.  D1 Diode conducts in positive half cycle.  D2 diode conducts is 

negative half cycle.  Output is pulsating D.C pulsating D.C is converted to pure DC by 

using filter capacitors  2200µF/25V and 470µF/16V.  12 V D.C is obtained across 

2200µF/25V capacitor.  LM 7805 IC regulator is used to produce constant +5V D.C 

voltage. 
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CHAPTER – 3 

CONSTRUCTION 

 Required components are mounted on PCB as per the component layout 

diagram 1 and soldered. 

 Traffic lights model layout for a four junction road is drawn on the 

wooden board.  4 green and 4 red LED’s are mounted at the center on four sides.   8 IR 

LED’s and 8 photo diodes are mounted on four sides of the road at different distances. 

LCD and transformer are also mounted on the board.  Wire connections are done from 

the PCB to LCD, transformer, IR LED’s, photodiodes, Red and Green LED’s.  

Assembly language program code is loaded into the Micro controller (89c52). 

COMPONENTS LIST: 

Microcontroller 89c52                                     -         1 No 

Darlington transistor array ULN2803             -          1 No 

16 x 2 Dot Matrix LCD display                      -          1 No 

5 mm IR LED’s                                              -           8 Nos. 

5 mm Photo diodes                                         -           8 Nos 

Red LED’s                                                      -           4 Nos 

Green LED’s                                                   -          4 Nos 

12 V Piezo Buzzer                                          -          1 No 

Transistor BC547                                            -          1 No 

 

RESISTORS 

10kΩ                          -          1 No 

1 kΩ                           -          1 No 

8.2 kΩ                        -          1 No 

330Ω                         -          8 Nos 

100Ω                         -          8 Nos. 

SIP (103)                   -          10 kΩ - 4 Nos 
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CAPACITORS 

2200µf/25V              -         1 no 

470 µf/16V               -         1 No 

33 µf                        –          2 Nos 

0.1 µf                       –         1 No 

10 µf/25V               -            1 No 

Transformer - 12-0-12V  -  1 No 

Diodes   -  IN4007               (2 Nos) 

7805 IC voltage regulator   - 1 No 

Crystal Oscillator                - 11.0592MHz  
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CHAPTER 4 

HARDWARE DESCRIPTION 

4.1: MICROCONTROLLER 89C52: 

4.1.1:  FEATURES: 

 Compatible with MCS-51 Products. 

 8K Bytes of In-System Reprogrammable Flash Memory. 

 Endurance: 1,000 Write/Erase Cycles. 

 Fully Static Operation: 0 Hz to 24 MHz. 

 Three-level Program Memory Lock. 

 256 x 8-Bit Internal RAM. 

 32 Programmable I/O Lines. 

 Three 16-bit Timer/Counters. 

 Eight Interrupt Sources. 

 Programmable Serial Channel. 

 Low Power Idle and Power Down Modes. 

 

4.1.2: PIN DIAGRAM AND ITS DESCRIPTION: 

The microcontroller generic part number actually includes a whole family of 

microcontrollers that have numbers ranging from 8031to 8751 and are available in N-

Channel Metal Oxide Silicon (NMOS) and Complementary Metal Oxide Silicon 

(CMOS) construction in a variety of package types. 
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PIN DIAGRAM: 

 

Fig 4.1: Pin Diagram of 89C52 

with 4Kbytes of Flash Programmable and Erasable Read Only Memory 

(PEROM). The device is manufactured using Atmel’s high density nonvolatile memory 

technology and is compatible with the industry standard MCS-51 instruction set and 

pinout. The on-chip Flash allows the program memory to be reprogrammed in-system 

or by a conventional nonvolatile memory programmer. By combining a versatile 8-bit 

CPU with Flash on a monolithic chip, the Atmel AT89C52 is a powerful 

microcomputer which provides a highly flexible and cost effective solution to many 

embedded control applications.  

The AT89C52 provides the following standard features: 4 Kbytes of Flash, 256 

bytes of RAM, 32 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt 

architecture, a full duplex serial port, on-chip oscillator and clock circuitry. In addition, 

the AT89C52 is designed with static logic for operation down to zero frequency and 

supports two software selectable power saving modes. The Idle Mode stops the CPU 

while allowing the RAM, timer/counters, serial port and interrupt system to continue 
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functioning. The Power Down Mode saves the RAM contents but freezes the oscillator 

disabling all other chip functions until the next hardware reset. 

4.1.3: ARCHITECTURE OF 89C52 

 

 Fig 4.1.3:Architecture of 89C52 

Port 0: 

Port 0 is an 8-bit open drain bidirectional I/O port. As an output port each pin 

can sink eight TTL inputs. When 1s are written to port 0 pins, the pins can be used as 

high-impedance inputs. Port 0 may also be configured to be the multiplexed low order 

address/data bus during accesses to external program and data memory. In this mode 

P0 has internal pull-ups. Port 0 also receives the code bytes during Flash programming, 

and outputs the code bytes during program verification. External pull-ups are required 

during program verification 

Port 1: 

Port 1 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 1 output 

buffers can sink/source four TTL inputs. When 1s are written to Port 1 pins they are 

pulled high by the internal pull-ups and can be used as inputs. As inputs, Port 1 pins 

that are externally being pulled low will source current (IIL) because of the internal 
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pull-ups. Port 1 also receives the low-order address bytes during Flash programming 

and program verification. 

Alternate functions of port 1 

 

                                     Table 4.1 Alternate functions of port-1 

Port 2: 

Port 2 is an 8-bit bidirectional I/O port with internal pullups. The Port 2 output 

buffers can sink/source four TTL inputs. When 1s are written to Port 2 pins they are 

pulled high by the internal pull-ups and can be used as inputs. As inputs, Port 2 pins 

that are externally being pulled low will source current (IIL) because of the internal 

pullups. Port 2 emits the high-order address byte during fetches from external program 

memory and during accesses to external data memory that use 16-bit addresses (MOVX 

A,@DPTR). In this application it uses strong internal pull-ups when emitting 1s. 

During accesses to external data memory that uses 8-bit addresses (MOVX A,@RI), 

Port 2 emits the contents of the P2 Special Function Register. Port 2 also receives the 

high-order address bits and some control signals during Flash programming and 

verification. 

 

Port 3:  

Port 3 is an 8-bit bidirectional I/O port with internal pullups. The Port 3 output 

buffers can sink/source four TTL inputs. When 1s are written to Port 3 pins they are 

pulled high by the internal pullups and can be used as inputs. As inputs, Port 3 pins that 

are externally being pulled low will source current (IIL) because of the pullups. Port 3 

also serves the functions of various special features of the AT89C52 as listed below: 
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Alternate functions of port 3 

 

                   Table 4.2 Alternate functions of port-3 

RST: 

RST means RESET, 89C52 uses an active high reset pin. It must go high for 

two machine cycles. The simple RC circuit used here will supply voltage (Vcc) to reset 

pin until capacitance begins to charge. At a threshold of about 2.5V, reset input reaches 

a low level and system begin to run. 

 

Fig: 4.1.3: Reset Connection      

ALE/PROG: 

Address Latch Enable output pulse for latching the low byte of the address 

during accesses to external memory. This pin is also the program pulse input (PROG) 

during Flash programming. In normal operation ALE is emitted at a constant rate of 1/6 

the oscillator frequency, and may be used for external timing or clocking purposes. 

Note, however, that one  

ALE pulse is skipped during each access to external Data Memory. If desired, ALE 

operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set, ALE is 

active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled 
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high. Setting the ALE-disable bit has no effect if the microcontroller is in external 

execution mode. 

PSEN: 

Program Store Enable is the read strobe to external program memory. When the 

AT89C52 is executing code from external program memory, PSEN is activated twice 

each machine cycle, except that two PSEN activations are skipped during each access 

to external data memory. 

 

EA/VPP: 

 

External Access Enable. EA must be strapped to GND in order to enable the 

device to fetch code from external program memory locations starting at OOOOH up to 

FFFFH. Note, however, that if lock bit 1 is programmed, EA will be internally latched 

on reset. EA should be strapped to Vcc for internal program executions. This pin also 

receives the 12-volt programming enable voltage (Vpp) during Flash programming, for 

parts that require 12-volt Vpp. 

XTAL1: Input to the inverting oscillator amplifier and input to the internal clock 

operating circuit 

XTAL2: Output from the inverting oscillator amplifier. 

T2: External count input to Timer/Counter 2, Clock out. 

T2EX: Counter 2 capture/reload trigger & direction control. 

 

4.1.4: THE ON-CHIP OSCILLATORS 

 

Pins XTAL1 and XTAL2 are provided for connecting a resonant network to 

form an oscillator. The crystal frequency is basic internal clock frequency. The 

maximum and minimum frequencies are specified from 1to 24MHZ.  

Program instructions may require one, two or four machine cycles to be 

executed depending on type of instructions. To calculate the time any particular 

instructions will take to be executed, the number of cycles ‘C’, 

T = C*12d / Crystal frequency 

Here, we chose frequency as 11.0592MHZ. This is because, 
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baud= 2*clock frequency/(32d. 12d[256d-TH1]).The oscillator is chosen to help 

generate both standard and nonstandard baud rates. If standard baud rates are desired, 

an 11.0592MHZ crystal should be selected. From our desired standard rate, TH1 can be 

calculated. The internally implemented value of capacitance is 33 pf. 

 

                                                 Fig 4.1.4:On-Chip Oscillators 

Program Memory Lock Bits: 

On the chip there are three lock bits which can be left unprogrammed (U) or can 

be programmed (P) to obtain the additional features .When lock bit 1 is programmed, 

the logic level at the EA pin is sampled and latched during reset. If the device is 

powered up without a reset, the latch initializes to a random value, and holds that value 

until reset is activated. It is necessary that the latched value of EA be in agreement with 

the current logic level at that pin in order for the device to function properly. 

 

Program Counter and Data Pointer: 

 

The 89C52 contains two 16-bit registers: the program counter (PC) and the data 

pointer (DPTR), Each is used to hold the address of a byte in memory. The PC is the 

only register that does not have an internal address. The DPTR is under the control of 

program instructions and can be specified by its 16-bit name, DPTR, or by each 

individual byte name, DPH and DPL. DPTR does not have a single internal address, 

DPH and DPL are each assigned an address. 

 

A & B Registers: 

 

The 89C52 contains 34 general-purpose, working, registers. Two of these, 

registers A and B, hold results of many instructions, particularly math and logical 
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operations, of the 89C52 CPU. The other 32 are arranged as part of internal RAM in 

four banks, B0-B3, of eight registers. The A register is also used for all data transfers 

between the 89C52 and any external memory. The B register is used for with the A 

register for multiplication and division operations. 

 

Flags and the Program Status Word (PSW): 

Flags may be conveniently addressed, they are grouped inside the program 

status word (PSW) and the power control (PCON) registers.  

The 89C52 has four math flags that respond automatically to the outcomes of 

math operations and three general-purpose user flags that can be set to 1 or cleared to 0 

by the programmer as desired. The math flags include Carry (C), Auxiliary Carry (AC), 

Overflow (OV), and Parity (P). User flags are named F0,GF0 and GF1, they are 

general-purpose flags that may be used by the programmer to record some event in the 

program. 

 

4.1.5: MEMORY ORGANISATION 

 

Internal Memory: 

The 89C52 has internal RAM and ROM memory for the functions. Additional 

memory can be added externally using suitable circuits. This has a Hardware 

architecture, which uses the same address, in different memories, for code and data. 

Internal RAM: 

The 256-byte internal RAM. The upper 128 bytes occupy a parallel address 

space to the Special Function Registers. Instructions that use indirect addressing access 

the upper 128 bytes of RAM. Stack operations are examples of indirect addressing. 

Internal Data Memory addresses are always one byte wide, which implies an 

address space of only 256 bytes. However, the addressing modes for internal RAM can 

in fact accommodate 384 bytes, using a simple trick. Direct addresses higher than 7FH 

access one memory space, and indirect addresses higher than 7FH access a different 

memory space. Thus Figure shows the Upper 128 and SFR space occupying the same 

block of addresses, 80H through FFH, although they are physically separate entities.  

The Lower 128 bytes of RAM are present in all 89C52 devices as mapped in 

Figure. The lowest 32 bytes are grouped into 4 banks of 8 registers. Program 

instructions call out these registers as R0 through R7.  
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Two bits in the Program Status Word (PSW) select which register bank is in 

use. This allows more efficient use of code space, since register instructions are shorter 

than instructions that use direct addressing. The next 16 bytes above the register banks 

form a block of bit addressable memory space. The 89C52 instruction set includes a 

wide selection of single-bit instructions, and the 128 bits in this area can be directly 

addressed by these instructions. The bit addresses in this area are 00H through 7FH. All 

of the bytes in the Lower 128 can be accessed by either direct or indirect addressing. 

The Upper 128 can only be accessed by indirect addressing. SFRs include the 

Port latches, timers, peripheral controls, etc. These registers can only be accessed by 

direct addressing. Sixteen addresses in SFR space are both byte- and bit-addressable. 

The bit-addressable SFRs are those whose address ends in OH or 80H.  

 

 

The Stack and Stack Pointer: 

The stack refers to an area of internal RAM that is used in conjunction with 

certain opcodes to store and retrieve data quickly. The 8-bit stack pointer register is 

used by the 89C52 to hold an internal RAM address that is called the top of the stack. 

The address held in the SP register is the location in internal RAM where the last byte 

of data was stored by a stack operation. When data is to be placed on the stack, the SP 

increments before storing data on the stack so that the stack grows up as data is stored. 

As data is retrieved from the stack, the byte is read from the stack, then the SP 

decrements to point to the next available byte of stored data. 
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4.1.6: SPECIAL FUNCTION REGISTERS 

The 89C52 operations that do not use the internal 128-byte RAM addresses 

from 00h to 7Fh are done by a group of specific internal registers, each called a Special 

Function register, which may be addressed much like internal RAM, using addresses 

from 80h to FFh. PC is not part of the SFR and has no internal RAM address 
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4.2 IR LED: 

  

           The LEDs used in electronic applications as emitters are normally infrared 

emitting diodes (IREDs).  Commercially available LEDs are made from gallium 

arsenide (GaAs) or gallium phosphide (GaP).  There are two types of infrared LEDs 

(IREDs). 

 Surface emitting infrared diodes 

 Edge emitting infrared diodes 

 

Both these types of IREDs use a low band gap, silicon doped epitaxially grown 

material, gallium arsenide (GaAs).  The GaAs diodes are efficient and very reliable and 

produce a peak wavelength of 940 nm (nanometers).  The second type is manufactured 

by replacing some of the gallium with aluminum.  This increases the band gap energy, 

yielding an IRED with a wavelength of 880 nm. 

 

Construction of Surface Emitting Infrared Diodes (Invisible LEDs): 

The Ga(As,p) is produced as an epitaxial layer grown on a substrate of either 

GaAs or GaP as shown in Fig.9.3.   The grown wafer is then processed to produce P-N 

junctions with photolithography used to shape the structure.  The photons generated at 

the junction of a P-N electroluminescent diode are emitted in all directions.  If the diode 

substrate is opaque, as is the case with GaAs, only those photons which are emitted 

upwards within a critical angle will be emitted as useful light.  Gallium phosphide is 

nearly transparent compared to GaAs.  Diodes grown on the GaP substrate, therefore, 

exhibit improved efficiency attributed to increased emission of photons which in the 

GaAs substrate would be absorbed. The visible LEDs are similar in structure to the 

surface emitting infrared diodes. 
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Fig 4.2:Construction of Edge Emitting Infrared Diodes (Invisible 

LEDs): 

 The physical structure of an edge emitter consists of a rectangle-shaped 

semiconductor diode (P-N junction) in which the radiant output is emitted from the 

edges of the diode in the recombination region of the junction as shown in Fig. 9.4.  

The lateral size of the radiation area is usually defined by etching an opening in an 

oxide insulating layer and forming on ohmic contact by depositing a metal film into the 

open contact region.  This type of construction is referred to as edge emitters.  The edge 

emission structure has an oxide metallization stripe constricting the flow of current 

through the recombination region to that area of the junction directly below the stripe 

contact. 
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4.3 PHOTO DIODE 

 Photo diode is basically a two terminal PN junction device.  It operate in reverse 

bias.  It is embedded in a clear plastic capsule with all sides of the plastic capsule 

excepting one painted black (or) enclosed in metallic case.       

Figure shows the basic structure of a photo diode. Light is permitted to fall on 

one surface of the device through the unpainted (or) clear region, keeping the remaining 

sides unilluminated. 

Principle of Photo Diode: 

 When the reverse biased photo diode is kept in darkness the current flowing 

through the device corresponds to the reverse saturation current (Is) which is negligibly 

small. This current is due to the minority charge carriers crossing over the junction.  

But, when the device is illuminated by allowing light rays falling on its surface, 

additional electron hole pairs are generated which cross over the junction to reach the 

conduction band.  These charge carries boost the conduction and hence, the current 

through the device increases.  The conduction of the device is due to the diffusion of 

minority charge carriers.  Thus, by changing the illumination level, the current flowing 

through the device can be varied.  The current flowing through the device is directly 

proportional to the quantity of light flux. 

4.4 LED: 

It is a semiconductor diode having radioactive recombination. It requires a 

definite amount of energy to generate an electron hole pair. The same energy is 

released when an electron recombines with a hole. This released energy may result in 

the emission of photon and such a recombination. Hear the amount of energy released 

when the electro reverts from the conduction band to the valence band appears in the 

form of radiation. Alternatively the released energy may result in a series of photons 

causing lattice libration. Finally the released energy may be transferred to another 

electron. The recombination radiation may be lie in the infra-red and visible light 

spectrum. In forward is peaked around the band gap energy and the phenomenon is 

called injection luminescence. In a junction biased in the avalanche break down region , 

there results a spectrum of photons carrying much higher energies . Almost White light 
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then gets emitted from micro plasma breakdown region in silicon junction. Diodes 

having radioactive recombination are termed as Light Emitting Diode, abbreviated as 

LEDs. 

In gallium arsenide diode, recombination is predominantly a radiation 

recombination and the probability of this radioactive recombination far exceeds that in 

either germanium or silicon . Hence GaAs LED has much higher efficiency in terms of 

Photons emitted per 

carrier. The internal efficiency of GaAs LED may ba very close to 100% but because of 

high index of refraction, only a small fraction of the internal radiation can usually come 

out of the device surface. In spite of this low efficiency of actually radiated light, these 

LEDs are efficiency used as light emitters in visual display units and in optically 

coupled circuits, The efficiency of light generation increases with the increase of 

injected current  

and with decreases in temperature. The light so generated is concentrated near the 

junction since most of the charge carriers are obtained within one diffusion length of 

the diode junction. 

      +5 Vcc 

 

The following are the merits of LEDs over conventional incandescent and other 

types of lamps 

* Low working voltages and currents 

* Less power consumption 

* Very fast action 

* Emission of monochromatic light 

* Small size and weight 

* No effect of mechanical vibrations 

* Extremely long life 

IR LED 1

47Ohm

10k

BC547µC Port 



 

 24 

Typical LED uses a forward voltage of about 2V and current of 5 to 10mA. 

GaAs LED produces infra-red light while red, green and orange lights are produced by 

gallium arsenide phosphide (GaAs) and gallium phosphide (Gap). 

 

4.5 LIQUID CRYSTAL DISPLAY: 

In 1968, RCA Laboratories developed the first liquid crystal display (LCD). 

Since then, LCD’s have been implemented on almost all types of digital devices, from 

watches to computer to projection TVs .LCD’s operate as a light “valve”, blocking 

light or allowing it to pass through. An image in an LCD is formed by applying an 

electric field to alter the chemical properties of each LCC (Liquid Crystal Cell) in the 

display in order to change a pixel’s light absorption properties. These LCC’s modify 

the image produced by the backlight into the screen output requested by the controller. 

Through the end output may be in color, the LCC’s are monochrome, and the color is 

added later through a filtering process. Modern laptop computer displays can produce 

65,536 simultaneous colors at resolution of 800 X 600. 

To understand the operation of an LCD, it is easiest to trace the path of a light 

ray from the backlight to the user. The light source is usually located directly behind 

the LCD, and can use either LED or conventional fluorescent technology. From this 

source, the light ray will pass through a light polarizer to uniformly polarize the light so 

it can be acted upon by the liquid crystal (LC) matrix. The light beam will then pass 

through the LC matrix, which will determine whether this pixel should be “on” or 

“off”. If the pixel is “on”, the liquid crystal cell is electrically activated, and the  

molecules in the liquid will align in a single direction. This will allow the light to pass 

through unchanged. If the pixel is “off”, the electric field is removed from the liquid, 

and the molecules with in scatter. This dramatically reduces the light that will pass 

through the display at that pixel. 

In a color display, after the light passes through the liquid crystal matrix, it 

passes through a color filter (usually glass). This filter blocks all wavelengths of light 

except those within the range of that pixel. In a typical RGB display, the color filter is 

integrated into the upper glass colored microscopically to render each individual pixel 

red,green or blue. The areas in between the colored pixel filter areas are printed black 

to increase contrast. After a beam of light passes through the color filter, it  passes 
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through yet another polarizer to sharpen the image and eliminate glare. The image is 

then available for viewing. 

In an AMLCD, each LCC is stimulated individually by a dedicated transistor or 

diode. The two existing AMLCD technologies are Thin Film Transistor (TFT) and 

metal-insulator-metal (MIM). In an MIM display, dedicated diodes are fabricated at 

each pixel. MIM displays, currently being manufactured by Toshiba and Seiko-Epson, 

are not advantageous that TFT displays.  

 

 

INTERFACING LCD TO THE MICROCONTROLLER: 

This is the first interfacing example for the parallel port. We will star with 

something simple. This example does not use the Bi-directional feature found on newer 

ports, thus it should work with most, if no all Parallel Ports. It however does not show 

the use of the status port as an input. So what are we interfacing? A 16 Character X 2 

Line LCD Module to the Parallel Port. These LCD Modules are very common these 

days, and are quite simple to work with, as all the logic required running them is on 

board. 

Features: 

 Interface with either 4-bit or 8-bit microprocessor. 

 Display data RAM 

 80 x  8 bits (80 characters). 

 Character generator ROM 

 160 different 5 x -matrix character patterns. 

 Character generator RAM 

 8 different user programmed 5 x -matrix patterns. 

 Display data RAM and character generator RAM may be  

 accessed by the microprocessor. 

 Numerous instructions  

 Clear Display, Cursor Home, Display ON/OFF, Cursor  

 

 ON/OFF, Blink Character, Cursor Shift, Display Shift. 

 Built-in reset circuit is triggered at power ON. 
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                                     Fig 4.5:LCD 

A general purpose alphanumeric LCD, with two lines of 16 characters. 

PIN DIAGRAM: 

 

 

 

In the above table Vcc and Vss are supply pins and VEE (Pin no.3) is used for 

controlling LCD contrast. Pin No.4 is Rs pin for selecting the register, there are two 
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very important registers are there in side the LCD. The RS pin is used for their 

selection as follows. If RS=0, the instruction command code register is selected, 

allowing the user to send data to be displayed on the LCD. R/W is a read or writes Pin, 

which allows the user to write information to the LCD or read information from it. 

R/W=1 when reading R/W=0 when writing. The LCD to latch information presented to 

its data pins uses the enable (E) pin. The 8-bit data pins, D0-D7, are used to send 

information to the LCD or read the contents of the LCD’s internal registers. To display 

letters and numbers, we must send ASCII codes for the letters A-Z, and number 0 -9 to 

these pins while making RS=1. 

 

ABSOLUTE MAXIMUM RATINGS: 

1. ELECTRICAL ABSOLUTE MAXIMUM RATINGS: 

 

 

Quality control: 

Some LCD panels have defective transistors, causing permanently lit or unlit 

pixels which are commonly referred to as stuck pixels or dead  

pixels respectively. Unlike integrated circuits (ICs), LCD panels with a few defective 

pixels are usually still usable. It is also economically prohibitive to discard a panel with 

just a few defective pixels because LCD panels are much larger than ICs. 
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Color displays: 

In color LCDs each individual pixel is divided into three cells, or subpixels, 

which are colored red, green, and blue, respectively, by additional filters (pigment 

filters, dye filters and metal oxide filters). Each subpixel can be controlled 

independently to yield thousands or millions of possible colors for each pixel. CRT 

monitors employ a similar 'subpixel' structures via phosphors, although the analog 

electron beam employed in CRTs do not hit exact 'subpixels'.s 

 

Color components may be arrayed in various pixel geometries, 

depending on the monitor's usage. If software knows which type of geometry is being 

used in a given LCD, this can be used to increase the apparent resolution of the monitor 

through sub pixel rendering. This technique is especially useful for text anti-aliasing. 

To reduce smudging in a moving picture when pixels do not respond 

quickly enough to color changes, so-called pixel overdrive may be used.                                                                        
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4.6 ULN 2803 
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4.7  LM 78XX SERIES VOLTAGE REGULATOR 

The LM 78XXX series of the three terminal regulations is available with several 

fixed output voltages making them useful in a wide range of applications.  One of these 

is local on card regulation.  The voltages available allow these regulators to be used in 

logic systems, instrumentation and other solid state electronic equipment.  Although 

designed primarily as fixed voltage regulators, these devices  can be used with external 

components to obtain adjustable voltages and currents.  The LM78XX series is 

available in aluminum to 3 packages which will allow over 1.5A load current if 

adequate heat sinking is provided.  Current limiting is included to limit the peak output 

current to a safe value.  The LM 78XX is available in the metal 3 leads to 5 and the 

plastic to 92.  For this type, with adequate  heat sinking.  The regulator can deliver 

100mA output current.  

The advantage of this type of regulator is, it is easy to use and minimize the 

number of external components.  

The following are the features voltage regulators: 

a)  Output current in  excess of 1.5A for 78 and 78L series 

b)  Internal thermal overload protection 

c) No external components  required 

d)  Output transistor sage area protection 

e)  Internal short circuit current limit.  

f)   Available in  aluminium 3 package. 

4.8: POSITIVE VOLTAGE REGULATOR 

The positive voltage regulator has different features like 

 Output current up to 1.5A 

 No external components 

 Internal thermal overload protection 

 High power dissipation capability 

 Internal short-circuit current limiting 

 Output transistor safe area compensation 

 Direct replacements for Fairchild microA7800 series 
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           Table 4.8 Positive voltage regulator 

The advantage of this type of regulator is, it is easy to use and minimize the 

number of external components.  

 

 

 

 

 

 

 

 

 

                      

NominalOutput 

Voltage           
Regulator 

    5V uA7805C  

    6V uA7806C  

    8V uA7808C   

    8.5V uA7885C   

   10V uA7810C 

   12V uA7812C  

   15V uA7815C 

   18V uA7818C 

   24V uA7824C 
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                      SOFTWARE DETAILS 

Instruction setoff 89C52: 

a) Data Transfer Group 

 

   Mnemonic   Operands  Description                  Byte    Cyc. 

   MOV   A, Rn              Move register to Accumulator                1      1 

   MOV  A,direct           Move direct byte to Accumulator           2          1  

   MOV             A, @Ri           Move indirect RAM to Accumulator       1         1 

   MOV           A, #data           Move immediate data to Accumulator     2         1 

   MOV            Rn, A               Move Accumulator to register                  1         1 

   MOV            Rn , direct         Move direct byte to register                     2         2 

   MOV            Rn, #data           Move immediate data to register             2        1 

   MOV           direct, A            Move Accumulator to direct byte            2         1 

   MOV           direct, Rn          Move register to direct byte                      2         2                        

   MOV          direct,ditect       Move direct byte to direct                         3          2 

   MOV          direct, @Ri          Move indirect RAM todirect byte           2         2      

   MOV          direct,# data      Move immediate data to direct byte          3        2 

   MOV          @ Ri, A            Move Accumulator to indirect RAM         1        1 

   MOV  @ Ri,direct     Move direct byte to indirect RAM              2        2 

   MOV          @ Ri,#data       Move immediate data to indirect RAM      2        1 

   MOV        DPTR,#data 16 Loaddata pointer with a 16-bit constant      3        2 

   MOVC      A,@A+DPTR  Move code byte relative to DPTR to A       1        2 

   MOVC      A,@A+PC        Move codebyte relative to PC to A             1        2 

   MOVX       A, @ Ri           Move external RAM (8-bit addr) to A        1        2 

   MOVX      A,@DPTR        Move External RAM(16-bit addr)to A      1        2 
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   MOVX     @ Ri, A     Move A to External RAM(8-bit addr)                     1     2 

   MOVX    @DPTR,A  Move A to External RAM(16-bit addr)                  1     2 

   PUSH        direct         Push direct byte onto stack                                    2      2 

   POP          direct        Pop direct byte from stack                                       2      2 

   XCH         A, Rn         Exchange register with Accumulator                      1      1 

   XCH         A,direct    Exchange direct byte with Accumulator                  2      1 

   XCH        A, @ Ri      Exchange indirect RAM with A                              1      1 

  XCHD      A, @ Ri      Exchange low-order Digit ind.RAM with A           1      1 

 

b) Arithmatic Group:      

   Mnemonic  Operands          Description                                               Byte   Cyc. 

    ADD         A, Rn          Add register to Accumulator                             1        1 

    ADD         A, direct     Add direct byte to Accumulator                        2        1 

    ADD         A, @ Ri     Add indirect RAM to Accumulator                    1       1 

    Add          A, # data      Add immediate data to Accumulator                2       1 

    ADDC      A, Rn          Add register to Accumulator with Carry             1       1 

    ADDC      A, direct     Add direct byte to A with carry flag                  2        1 

   ADDC       A,@ Ri       Add indirect RAM to A with carry flag             1       1 

   ADDC        A. # data     Add immediate data to A with carry flag         2       1 

    SUBB       A, Rn          Subtract register from A with borrow                1       1 

    SUBB       A, direct     Subtract direct byte from A with borrow           2       1 

   SUBB        A, @ Ri     Subtract indirect RAM from A with borrow       1       1 

    SUBB      A, #data      Subtract immediate data from A with borrow    2       1 

    INC           A                Increment Accumulator                                      1       1 

    INC           Rn               Increment register                                               1       1 

    INC           direct         Increment direct byte                                          2      1 

    INC           @ Ri           Increment indirect RAM                                     1       1 
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     DEC      A                Decrement Accumulator                                        1      1 

    DEC       Rn               Decrement register                                                 1      1 

    DEC       direct         Decrement direct byte                                             2      1 

    DEC       @  Ri          Decrement indirect RAM                                       1      1 

    INC        DPTR         Increment data pointer                                            1      2 

    MUL     AB              Multiply A and B                                                    1      4 

    DIV       AB              Divide A by B                                                         1      4 

    DA        A                 Decimal Adjust Accumulator                                 1       1 

 

c) Logic Group: 

     Mnemonic     Operands             Description                                          Byte  Cyc. 

     ANL              A, Rn            AND register to Accumulator                      1       1 

     ANL            A, direct         AND direct byte to Accumulator                 2      1 

     ANL             A, @ Ri         AND indirect RAM to Accumulator            1      1 

    ANL             A, #data          AND immediate data to Accumulator         2       1 

     ANL             direct, A         AND Accumulator to direct byte                2       1 

     ANL            direct, #data   AND immediate data to direct byte              3       2 

     ORL             A, Rn              OR register to Accumulator                         1       1 

      ORL            A, direct         OR direct byte to Accumulator                    2       1 

     ORL             A, @ Ri          OR indirect RAM to Accumulator               1       1 

      ORL            A, #data         OR immediate data to Accumulator             2       1 

      ORL            direct, A          OR Accumulator to direct byte                   2       1 

      ORL           direct, #data    OR immediate data to direct byte                 3       2   

     XRL             A, Rn             Exclusive OR register to Accumulator          1      1 

      XRL           A, direct     Exclusive OR indirect byte to Accumulator      2      1 

     XRL           A, @ Ri             Exclusive OR indirect RAM to A                1      1 
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     XRL     A, #data       Exclusive OR immediate data to A                         2     1 

     XRL     direct A       Exclusive OR Accumulator to directbyte                2     1 

     XRL    direct, #data    Exclusive OR immediate data to direct                3     2 

     CLR         A              Clear Accumulator                                                  1     1 

     CPL          A             Complement Accumulator                                      1    1 

      RL           A              Rotate Accumulator left                                         1     1 

      RLC        A              Rotate A left through the carry flag                        1    1 

      RR          A              Rotate Accumulator Right                                       1     1 

      RRC        A              Rotate A Right through Carry flag                         1    1 

     SWAP      A             Swap nibbles within the Accumulator                    1    1 

 

d) Program  Machine Control Group: 

  Mnemonic      Operands            Description                                      Byte    Cyc 

  ACALL           addr 11          Absolute Subroutine Call                        2         2 

  LCALL            addr 16        Long Subroutine Call                                3         2 

  RET                                       Return from Subroutine                           1         2 

  RETI                                      Return from Interrupt                               1        2 

  AJMP                addr 11       Absolute jump                                           2         2 

  LJMP               addr 16         Long Jump                                                3         2 

  SJMP                 rel                Short Jump (relative addr)                       2         2 

  JMP                @A+DPTR    Jump indirect relative to the DPTR         1         2 

  JZ                     rel                 Jump if Accumulator is Zero                   2        2 

  JNZ                  rel                Jump if Accumulator is Not Zero              2        2 

  JC                     rel                Jump if Carry flag is set                             2        2 

  JNC                  rel                Jump if No Carry flag                                2        2 

  JB                       bit, rel         Jump if direct Bit set                                3         2 

  JNB                   bit, rel          Jump if direct Bit not set                          3         2 

  JBC                  bit, rel          Jump if direct Bit is set and clear bit         3        2 
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    CJNE         A, direct rel           Compare direct to A and                         3        2 

                                                    Jump if Not Equal 

 

    CJNE          A, #data rel            Compare immediate to A  

                                                      And Jump if Not Equal                           3      2 

    CJNE        Rn, #data rel            Compare immediate to reg. and              3      2 

                                                   Jump if Not Equal 

    CJNE          @ Ri # data rel    Compare immediate to ind., and 

                                                     Jump if Not equal                                    3      2 

      DJNZ      Rn,rel                  Decrement register and Jump if Not Zero   2      2 

     DJNZ      direct, rel             Decrement direct and Jump if Not zero      3      2 

     NOP                                     No Operation                                              1      1 

Bit manipulation instructions 

 

        S.No         Mnemonic                                Operation 

 

1. CLRC  Clear the carry Flag: CY = 0 

2. CLR bit Clear the bit: bit = 0 

3. SET B C Set the carry flat go ‘1’: CY=1 

4. SET B bit Set the bit: bit = 1 

5. CPL C  Complement the carry flag (CY=0═>CY =1) 

6. CPL Bit Complement the bit value (bit =0═> bit =1) 

7. ANL C, bit ‘CY’ bit and direct bit are ANDED and result placed in  

                                        CY’ flag 

8. ANL C, 1 bit ‘CY’ bit and inverted bit are ANDED and result placed  

                                              in ‘CY’ Flag 

9. ORLC, bit ‘CY’ bit & direct bit re ORed and result placed in  

                                                ‘CY’ flag 

10. ORL C, 1bit ‘CY’ bit & inverted bit are ORED and result placed in  

                                                           ‘CY’ flag 

11. MOV C, bit Copy bit position to ‘CY’ flag 

12. MOV bit, C Copy carry value to bit position 
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CHAPTER-5 

SOFTWARE IMPLEMENTATION 

 

;TRAFIC DENSITY CONTROL         

      ;P0 DISP DATA 

      ; P2.5 = ENABLE  

      ; p2.6 = READ/WRITE 

      ; P2.7 = REG INS=0 /DATA=1 

       

   ;SENSORS 

      ;P1.0 = E1 

      ;P1.1 = E2 

      ;P1.2 = S1 

      ;P1.3 = S2 

      ;P1.4 = W1 

      ;P1.5 = W2 

      ;P1.6 = N1 

      ;P1.7 = N2       

      ;LEDS 

      ;P3.0 =  E-GREEN 

      ;P3.1 =  E-RED 

      ;P3.2 =  S-GREEN 

      ;P3.3 =  S-RED 

      ;P3.4 =  W-GREEN 

      ;P3.5 =  W-RED 

      ;P3.6 =  N-GREEN 

      ;P3.7 =  N-RED 

              ORG 0 

             LJMP START 

             ORG 0050H 

   START:         MOV P0,#FFH : Ports initialization 

        MOV P1,#FFH 

       MOV P2,#FFH 
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      MOV P3,#FFH 

      LCALL LCDINI  : LCD Initialization 

      LCALL DEL   : Display Of 

      MOV DPTR,#0900H  TRAFFIC DENSITY 

      LCALL TLINE   CONTROL SYSTEM 

       MOV DPTR,#0910H  in LCD 

       LCALL BLINE 

       LCALL SSEC 

       MOV P3,#00H 

       CLR P2.0   : BUZZER OFF 

       MOV DPTR,#0920H : TIME REMAINING 

     SEC :              display 

       LCALL TLINE 

       MOV DPTR,#0930H 

       LCALL BLINE 

       LCALL STEST  : Calling Self Test Subroutine 

;------------------------------- 

MAIN:    

        MOV A,P1  : Sensing the traffic in all directions 

        CJNE A,#00H,MAINY 

        LJMP MAINX 

MAINY: 

        LCALL EAST    : Sensing the traffic in individual 

        LCALL ETIME   directions and allocates time based 

        LCALL TDISP   on traffic density and display 

        LCALL SOUTH   of remaining time in Sec. 

        LCALL STIME 

        LCALL TDISP 

        LCALL WEST   

        LCALL WTIME 

        LCALL TDISP 

        LCALL NORTH  

        LCALL NTIME 

        LCALL TDISP         
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MAINX:  MOV A,P1  : No traffic condition 

        CJNE A,#00H,MAIN 

         SETB P2.0   (1) Red LED’s blink in all directions 

        MOV P3,#AAH   (2)       Buzzer ON and OFF continuously 

        LCALL SEC 

        MOV P3,#00H 

        CLR P2.0 

        LCALL SEC 

        LJMP MAIN 

;****************************** 

EAST:    : Traffic in particular direction 

      MOV P3,#A9H 

      RET   : (1) Green LED glows in that direction 

SOUTH:   : (2)  RED LED’s glow in other three  

      MOV P3,#A6H    directions 

      RET 

WEST: 

      MOV P3,#9AH 

      RET 

NORTH: 

      MOV P3,#6AH 

      RET 

;------------------------- 

ETIME:JB P1.1,E1  : Allocation of time based on traffic 

      JB P1.0,E2    density 

      MOV 33H,#00H 

      RET    (1)  10 Sec for far sensor 

E1:   MOV 33H,#0AH 

      RET    (2) 5 Sec for near sensor 

E2:   MOV 33H,#05H 

      RET 

;------------------------- 

STIME:JB P1.3,S1 

      JB P1.2,S2 
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      MOV 33H,#00H 

      RET 

S1:   MOV 33H,#0AH 

      RET 

S2:   MOV 33H,#05H 

      RET 

;------------------------- 

WTIME:JB P1.5,W1 

      JB P1.4,W2 

      MOV 33H,#00H 

      RET 

W1:   MOV 33H,#0AH 

      RET 

W2:   MOV 33H,#05H 

      RET 

;------------------------- 

NTIME:JB P1.7,N1 

      JB P1.6,N2 

      MOV 33H,#00H 

      RET 

N1:   MOV 33H,#0AH 

      RET 

N2:   MOV 33H,#05H 

      RET 

;--------------------------- 

TDISP:MOV A,33H   : Remaining time display in Sec 

      CJNE A,#00H,TRET 

      RET 

 

TRET: LCALL CONVERT 

      LCALL DISP 

      LCALL SEC 

      DEC 33H 

      MOV A,33H 
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      CJNE A,#FFH,TRET 

      RET 

;---------------------------    

STEST:   :  Checking the working of all LED’s in all 

        LCALL SEC  directions 

        SETB P3.0 

        LCALL SEC 

        CLR P3.0 

         SETB P3.1 

        LCALL SEC 

        CLR P3.1 

        SETB P3.2 

        LCALL SEC 

        CLR P3.2 

        SETB P3.3 

        LCALL SEC 

        CLR P3.3 

        SETB P3.4 

        LCALL SEC 

        CLR P3.4 

         SETB P3.5 

        LCALL SEC 

        CLR P3.5 

         SETB P3.6 

        LCALL SEC 

        CLR P3.6 

        SETB P3.7 

    

     LCALL SEC 

        CLR P3.7 

        RET 

;*************************** 

SSEC:       MOV R1,#1FH  :  6 Sec delay subroutine 

 CSM1:      MOV R2,#FFH 
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 CSM2:      MOV R3,#FFH 

 CSM3:      DJNZ R3,CSM3 

            DJNZ R2,CSM2 

            DJNZ R1,CSM1 

            RET  

 SEC:       MOV R1,#05H  : 1 Sec delay subroutine 

 XSM1:      MOV R2,#FFH 

 XSM2:      MOV R3,#FFH 

 XSM3:      DJNZ R3,XSM3 

            DJNZ R2,XSM2 

            DJNZ R1,XSM1 

            RET 

;----------------------------- 

CONVERT:      : HEX to ASCII conversion 

        MOV R7,33H 

        MOV 32H,#30H         

        MOV 31H,#30H 

        MOV 30H,#30H         

NDEC:   DEC R7 

        CJNE R7,#FFH,INC1 

        RET 

INC1:  INC 30H 

       MOV A,30H 

       CJNE A,#3AH,NDEC 

       MOV 30H,#30H 

       INC 31H 

       MOV A,31H 

       CJNE A,#3AH,NDEC 

       MOV 31H,#30H 

       INC 32H 

       LJMP NDEC 

;********************************** 

DISP:    CLR p2.7    : Instruction word and data word 

         CLR p2.6   Initialization 
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         MOV P0,#C7H 

         LCALL WRI 

         MOV P0,32H 

         LCALL WRD 

         MOV P0,31H 

         LCALL WRD 

         MOV P0,30H 

         LCALL WRD 

         RET 

;********** LCD INI **************** 

LCDINI:         : LCD Initialization  

        CLR P0.0 

        CLR P0.1 

        CLR P0.2 

        CLR P2.5 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#30H 

        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#30H 

        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#30H 

        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#38H 

        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#01H 
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        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#01H 

        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#01H 

        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#02H 

        LCALL WRI 

       CLR p2.7   

        CLR p2.6 

        MOV P0,#0CH 

        LCALL WRI   

                CLR p2.7   

        CLR p2.6 

        MOV P0,#1CH 

        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#38H 

        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#06H 

        LCALL WRI 

        CLR p2.7   

        CLR p2.6 

        MOV P0,#01H 

        LCALL WRI         

        RET 
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;---------------------------- 

TLINE:   CLR p2.7   : Top line initialization and display 

         CLR p2.6 

         MOV P0,#80H 

         LCALL WRI 

         MOV R7,#00H 

TKL:          

         CLR A 

         MOVC A,@A+DPTR 

         MOV P0,A 

         LCALL WRD 

         INC DPTR 

         INC R7 

         CJNE R7,#10H,TKL 

         RET 

BLINE:   CLR p2.7   :    Bottom line initialization and display 

         CLR p2.6 

         MOV P0,#C0H 

         LCALL WRI 

         MOV R7,#00H 

BKL:          

         CLR A 

         MOVC A,@A+DPTR 

         MOV P0,A 

         LCALL WRD 

         INC DPTR 

         INC R7 

         CJNE R7,#10H,BKL 

         RET 

;******** INSTRUCTION /DATA WRITE ********* 

WRI:   SETB P2.5  : Writing instruction word 

       MOV R0,#FFH 

       DJNZ R0,$ 

       CLR P2.5 
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       MOV R0,#FFH 

       DJNZ R0,$        

       RET 

WRD:   SETB p2.7 ; REGISTER : Writing data word 

       CLR p2.6  ;READ WRITE 

       SETB P2.5 ;ENABLE 

       MOV R0,#FFH 

       DJNZ R0,$ 

       CLR P2.5 

       CLR p2.6 

       CLR p2.7 

       RET 

;****************************** 

DEL:        MOV R5,#FFH  : Delay subroutine 

            DJNZ R5,$ 

            RET 

;******************************************* 

    ORG 0900H 

    DB ' TRAFIC DENSITY '  :   Display in LCD 

    DB ' CONTROL SYSTEM ' 

    DB ' TIME REMAINING ' 

    DB ' SEC:           ' 

    DB '                ' 

    DB '                ' 

    DB '                ' 

    DB '                ' 

    DB '                ' 

    DB '                ' 

;******************************************** 

           END; 
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CHAPTER-6 

RESULTS AND CONCLUSION 

6.1 Results 

1. We have measured 5V, 12V DC at the output of power supply. 

2. The LCD Display displayed the basic project Information 

3. We are given a self test for checking of all LEDs ON/OFF states, once during 

the power ON. 

4. We observed Red LEDs blinking along with the beep sound,  then there is no 

traffic among all four roads. 

5. The more timing is allotted for high traffic areas (10 sec), less timing for low 

traffic areas(5 sec) 

6. The automatic change over occurred when there is no traffic. 

 

Fig 6.1.1:Project Model 
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                                         Fig 6.1.2 Output 

 

6.2 Conclusion 

 In this work, the methodology for implementing of Traffic Density Controller is 

described. By using this we can reduce the traffic based on the traffic density. Here the 

time slots are decided based on the density of the traffic. 
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PROJECT PROFORMA 

 

Classification of Project 

Application Product Research Review 

  
   

            Note: Tick Appropriate category. 

 

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

 

Mapping Table 

Project 

Outcomes 

Programme Outcomes 

(POs) 

PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1  2 1 3 1 3 3 2 1 3 3 1 2 2 2 

Outcome 2 1 2 3 1 2 2 1 2 3 2 2 1 3 2 

Outcome 3 2 3 2 2 1 1 3 2 2 1 2 3 2 3 

Outcome 4 3 2 2 1 2 1 2 1 3 2 2 2 3 2 

 

Note: Map each project outcomes with POs and PSOs with 

either 1 or 2 or 3 based on level of mapping as 

follows: 

1-Slightly (Low) mapped 2-Moderately (Medium) mapped 3-Substantially 
(High) mapped 

 

 

 



 

 52 

Programme Outcomes: 

1.  Engineering knowledge: Apply the knowledge of 

mathematics, science, engineering fundamentals and an 

engineering specialization for the solution of complex 

engineering problems. 

2. Problem analysis: Identify, formulate, research literature, and 

analyze complex engineering problems reaching substantiated 

conclusions using first principles of mathematics, natural 

sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for 

complex engineering problems and design system components 

or processes that meet the specified needs with appropriate 

consideration for public health and safety, and cultural, 

societal, and environmental considerations. 

4. Conduct investigations of complex problems: Use research-

based knowledge and research methods including design of 

experiments, analysis and interpretation of data, and synthesis 

of t h e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate 

techniques, resources, and Modern engineering and IT tools, 

including prediction and modeling to complex engineering 

activities, with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the 

contextual knowledge to assess societal, health, safety, legal, 

and cultural issues and the consequent responsibilities relevant 

to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of 

the professional engineering solutions in societal and 

environmental contexts and demonstrate the knowledge of, 

and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional 

ethics and responsibilities and norms of the engineering 

practice. 

9. Individual and teamwork: Function effectively as an 
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individual, and as a member or leader in diverse teams, and in 

multidisciplinary settings. 

10. Communication: Communicate effectively on complex 

engineering activities with the engineering community and 

with the society at large, such as, being able to comprehend 

and write effective reports and design documentation, make 

effective presentations, and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge 

and understanding of the engineering and management 

principles and apply these to one’s own work, as a member 

and leader in a team, to manage projects and in 

multidisciplinary environments. 

 

12. Life-long learning: Recognizes the need for, and have the 

preparation and ability to engage in independent and life-long 

learning in the broadest context of technological change. 

 

Programme Specific Outcomes (PSO): 

 

 

1. Apply the knowledge of circuit design, analog & digital 

electronics to the field of electrical and electronics 

systems 

 

2. Analyse, design and develop control systems, industrial 

drives and power systems using modern tools. 
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                                ABSTRACT                                             iv 

 
The Android-is the most popular mobile platform, which is very useful in creating much real time application 

which is useful in our day to day life. The DC motors are widely used for variable speed drive system in industrial 

applications such as industrial automation, electric traction, aircraft, military equipment, hard disk drives because 

of their high efficiency, silent operation, compact, reliability and low maintenance. Due to the advancement of 

wireless technology, there are several connections introduced such as GSM, Wi-Fi, ZIGBEE and Bluetooth. Each 

of the connection has their own unique specifications and applications. Among these wireless connections, 

Bluetooth technology is often implemented. The speed control was implemented using Bluetooth technology to 

provide communication access from smart phone. On the other hand we have ARDUINO UNO platform that we 

can use to quickly prototype electronic systems. Android mobile act as a transmitter and the received by 

Bluetooth receiver interfaced to Arduino which send data to the Bluetooth module and which in-turn run the 

motor



 

 

                                         CHAPTER 1                                    

 

INTRODUCTION 
 

Today most of the industries use DC motors. So, speed controlling of DC motors plays a very vital role. 

Therefore our paper concentrates on monitoring and controlling the speed of DC motor using Android 

mobile application, with the help of Bluetooth technology. Smart phones have in-built Bluetooth 

technology, so and external Bluetooth module is interfaced with the microcontroller unit (ARDUINO) for 

wireless communication. The Bluetooth module receives command from the mobile phone android 

application. So, according to the input signal, with the help of arduino, MOSFET can be used to vary the 

voltage as well as the speed of the DC motor using PWM technique. Direction of the DC motor can also be 

varied with the help of relay circuit or H-Bridge network. 

The electric drive systems used in industrial applications are increasingly required to meet higher performance 

and reliability requirements. The DC motor is an attractive piece of equipment in many industrial applications 

requiring variable speed and loadcharacteristics due to its ease of controllability.  

Microcontrollers provide a suitable means of meeting these needs. Certainty, part of the recent activity on 

microcontrollers can be ascribed to their newness and challenge. In this paper, implementation of the 

MC68HC11E9 microcontroller for speed control of DC motor fed by a DC chopper has been investigated. The 

chopper is driven by a high frequency PWM signal. Controlling the PWM duty cycle is equivalent to controlling 

the motor terminal voltage, which in turn adjusts directly the motor speed. Experimental results have been 

obtained that show the employment of microcontroller for speed control and over current protection of a DC 

motor. 

 

 

 Requirements of Project. 

 
• ARDUINO. 

• ANDROID MOBILE. 

• DC MOTOR. 

• BLUETOOTH MODULE. 
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     CHAPTER  2                                                                         

          BLOCK AND SCHEMATIC DIAGRAMS EXPLANATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig: 2.1 Block Diagram of Speed and Direction control of DC Motor using Android 
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Fig: 2.2 Schematic Diagram of Speed and Direction control of DC Motor using Android 
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            CHAPTER 3                                                  

 

COMPONENTS AND DESCRIPTION 
3.1 ARDUINO UNO: 
 

The Arduino UNO is an open-source microcontroller board based on the Microchip ATmega328P microcontroller 

and developed by Arduino.cc. The board is equipped with sets of digital and analog input/output (I/O) pins that 

may be interfaced to various expansion boards (shields) and other circuits.The board has 14 Digital pins, 6 

Analog pins, and programmable with the Arduino IDE (Integrated Development Environment) via a type B USB 

cable. It can be powered by a USB cable or by an external 9 volt battery, though it accepts voltages between 7 and 

20 volts. It is also similar to the Arduino Nano and Leonardo. The hardware reference design is distributed under 

a Creative Commons Attribution Share-Alike 2.5 license and is available on the Arduino website. Layout and 

production files for some versions of the hardware are also available. "Uno" means one in Italian and was chosen 

to mark the release of Arduino Software (IDE) 1.0. The Uno board and version 1.0 of Arduino Software (IDE) 

were the reference versions of Arduino, now evolved to newer releases.The Uno board is the first in a series of 

USB Arduino boards, and the reference model for the Arduino platform.The ATmega328 on the Arduino Uno 

comes preprogrammed with a boot loader that allows uploading new code to it without the use of an external 

hardware programmer. It communicates using the original STK500 protocol.The Uno also differs from all 

preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it uses the Atmega16U2 

(Atmega8U2 up to version R2) programmed as a USB-to-serial converter. 

 

3.1.1 General Pin functions: 

• LED: There is a built-in LED driven by digital pin 13. When the pin is HIGH value, the LED is on when the 

pinis LOW it’s off. 

• Vin: The input voltage to the Arduino board when it's using an external power source (as opposed to 5 volts 

from the USB connection or other regulated power source). You can supply voltage through this pin or if 

supplying voltage via the power jack access it through this pin. 

• 5V: This pin outputs a regulated 5V from the regulator on the board. The board can be supplied with power 

either from the DC power jack (7 - 20V), the USB connector (5V), or the VIN pin of the board (7-20V). 

Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can damage the board. 

• 3V3: A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA. 

• GND: Ground pins. 

• I0REF: This pin on the Arduino board provides the voltage reference with which the microcontroller 

operates. A properly configured shield can read the IOREF pin voltage and select the appropriate power 

source or enable voltage translators on the outputs to work with the 5V or 3.3V. 

• Reset: Typically used to add a reset button to shields which block the one on the board.  4 

https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Arduino#Software
https://en.wikipedia.org/wiki/Creative_Commons


 

 

3.1.2 Special Pin Functions:                                                                                  

Each of the 14 digital pins and 6 Analog pins on the Uno can be used as an input or output, using pin 

Mode()digital Write(), and digital Read() functions. They operate at 5 volts. Each pin can provide or receive 20 

mA as recommended operating condition and has an internal pull-up resistor (disconnected by default) of 20-50k 

ohm. A maximum of 40mA is the value that must not be exceeded on any I/O pin to avoid permanent damage to 

the microcontroller. The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of 

resolution (i.e. 1024 different values). By default they measure from ground to 5 volts, though is it possible to 

change the upper end of their range using the AREF pin and the analogReference() function. 

In addition, some pins have specialized functions: 

• Serial: pins 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins are 

connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip. 

• External Interrupts: pins 2 and 3. These pins can be configured to trigger an interrupt on a low value, a 

rising or falling edge, or a change in value. 

• PWM(Pulse Width Modulation) 3, 5, 6, 9, 10, and 11 Can provide 8-bit PWM output with the analog Write() 

function. 

• SPI(Serial Peripheral Interface): 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI 

communication using the SPI library. 

• TWI(Two Wire Interface): A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire 

library. 

• AREF(Analog Reference): Reference voltage for the analog inputs. 

 

Fig3.1: Arduino UNOpin configuration     5 



 

 

3.1.3 Communication:                                                                                                              

The Arduino Uno has a number of facilities for communicating with a computer another Arduino board or other 

microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is available on digital 

pins 0 (RX) and 1 (TX). An ATmega16U2 on the board channels this serial communication over USB and 

appears as a virtual com port to software on the computer. The 16U2 firmware uses the standard USB COM 

drivers, and no external driver is needed. However on Windows file is required. The Arduino Software (IDE) 

includes a serial monitor which allows simple textual data to be sent to and from the board. The RX and TX 

LEDs on the board will flash when data is being transmitted via the USB-to-serial chip and USB connection to 

the computer (but not for serial communication on pins 0 and 1). A SoftwareSerial library allows serial 

communication on any of the Uno's digital pins. 

 

 

 

Fig 3.1.3: Arduino uno 

 

 

3.1.4 Technical specifications: 

• Microcontroller : MicrochipATmega328P 

• Operating Voltage: 5 Volts 

• Input Voltage: 7 to 20 Volts 

• Digital I/O Pins: 14 (of which 6 can provide PWM output) 

• UART: 1 

• I2C: 1 

• SPPI: 1 

• Analog Input Pins: 61           6 



 

 

                                                                                                                                                   

• DC Current per I/O Pin: 20 mA 

• DC Current for 3.3V Pin: 50 mA 

• Flash Memory: 32 KB of which 0.5 KB used by bootloader 

• SRAM: 2 KB 

• EEPROM: 1 KB 

• Clock Speed: 16 MHz 

• Length: 68.6 mm 

• Width: 53.4 mm 

• Weight: 25 g 

3.1.5 Arduino uno to ATmega328 pin mapping: 

 

 

Fig 3.1.5: ATmega328P Diagram 

The ATmega328 is a single-chip microcontroller created by Atmel in the megaAVRfamily (later Microchip 

Technology acquired Atmel in 2016). It has a modified Harvard architecture8-bit RISC processor core. 

Specifications: 

The Atmel 8-bit AVR RISC-based microcontroller combines 32 KB ISP flash memory with read-while-write 

capabilities, 1 KB EEPROM, 2 KB SRAM, 23 general purpose I/O lines, 32 general purpose working registers, 

three flexible timer/counters with compare modes, internal and external interrupts, serial programmable USART, 

a byte-oriented 2-wire serial interface, SPIserial port, 6-channel 10-bit A/D converter (8-channels 

in TQFP and QFN/MLF packages), programmable watchdog timer with internal oscillator, and five software 

selectable power saving modes. The device operates between 1.8-5.5 volts. The device achieves throughput 

approaching 1 MIPS per MHz 
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Key Parameters: 
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Parameter Value 

CPU type 8-bit AVR 

Performance 20 MIPS at 20 MHz 

Flash memory 32 KB 

SRAM 2 KB 

EEPROM 1 KB 

Pin count 
28 or 32 pin: PDIP-28, MLF-28, TQFP-32, 

MLF-32 

Maximum operating 

frequency 
20 MHz 

Number of touch channels 16 

Hardware QTouch 

Acquisition 
No 

Maximum I/O pins 23 

External interrupts 2 



 

 

                                                                                                                                              

 

Fig 3.1.6: Pin Diagram of ATmega328P 

 

Programming mode is entered when PAGEL (PD7), XA1 (PD6), XA0 (PD5), BS1 (PD4) is set to zero.[2] RESET 

pin to 0V and VCC to 0V. VCC is set to 4.5 - 5.5V. Wait 60 μs, and RESET is set to 11.5 - 12.5 V. Wait more than 

310 μs.[2] Set XA1:XA0:BS1:DATA = 100 1000 0000, pulse XTAL1 for at least 150 ns, pulse WR to zero. This 

starts the Chip Erase. Wait until RDY/BSY (PD1) goes high. XA1:XA0:BS1:DATA = 100 0001 0000, XTAL1 

pulse, pulse WR to zero. This is the Flash write command.[2] And so on. 

 

Bluetooth: It is a wireless technology standard used for exchanging data between fixed and mobile devices over 

short distances using short-wavelength UHF radio waves in the industrial, scientific and medical radio bands, 

from 2.400 to 2.485 GHz, and building personal area networks (PANs). It was originally conceived as a wireless 

alternative to RS-232 data cables. 

Bluetooth is managed by the Bluetooth Special Interest Group (SIG), which has more than 35,000 member 

companies in the areas of telecommunication, computing, networking, and consumer electronics. 

DC Motor: A DC motor is any of a class of rotary electrical motors that converts direct current electrical energy 

into mechanical energy. The most common types rely on the forces produced by magnetic fields. Nearly all types 

of DC motors have some internal mechanism, either electromechanical or electronic, to periodically change the 

direction of current in part of the motor. 
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3.2USBCABLE: 

 
Fig 3.2: USB Cable 

3.2.1 Introduction: 

The Universal Serial Bus (USB) is technology that allows a person to connect an electronic device to 

a computer. It is a fast serial bus. 

It is mostly used on personal computers. USB is also used on other devices, such as smartphones and video game 

consoles. USB connects different devices using a standard interface. 

Most people use USB for computer mice, keyboards, scanners, printers, digital cameras, and USB flash drives. 

There are over six billion USB devices around the world. 

The standard was made to improve plug and play devices. This means that a device can be plugged into a free 

socket, and simply work. The computer will notice the device. The computer sometimes installs 

special software to use the device. The device can be removed after it stops being used. This technology is called 

"hot swapping". "Hot swapping" means it can be plugged and unplugged while the power is on. The computer 

does not need to be turned off for people to change the devices. 

USB can provide a small amount of power to the attached device through the USB cord. Devices that only need a 

little power can get it from the bus, and do not need a separate electric power plug. That allows gadgets like USB 

battery chargers, lights, and fans. 

As of 2015, USB has mostly replaced several older standards. Those include the parallel port, serial 

port and SCSI. These old standards are still used for a few jobs where USB cannot replace them. 

3.2.2 History: 

The first version of the Universal Serial Bus was created in 1995. This new technology became an instant success. 

Since the introduction of USB, people that make electronic devices thought about how it could be used in the 

future. Today, USB connects a computer or other devices like laptops and MP3 players to peripheral devices. 

The bus was introduced by seven companies which represent the leaders in the industry of information  
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technology: Compaq, IBM, Intel, Microsoft, NEC, Northern Telecom, and Digital Equipment Corporation (DEC). 

Several years earlier, adopters and developers of USB held a meeting called Plugfest at a special hotel in 

California to test their devices. They selected a hotel that included rooms for sleeping and for testing. The 

meeting lasted three days. During the meeting, the representatives of about 50 companies connected their USB 

devices to one general host system. 

The logo of the USB device also has its own history. The USB logo was in development for several months. 

• 1994 - Seven companies united to begin the development of USB. 

• 1995 - 340 companies formed the USB Implementation Forum. 

• 1996 - More than five hundred USB products were already developing around the world. 

• 1997 - USB Implementation Forum became richer with 60 more companies. 

• 1998 - USB becomes the most popular technology on the market of electronics. 

• 2000 - The introduction of USB 2.0. Today it represents the most widely used USB device. 

• 2005 - USB becomes wireless. 

• 2008 - USB 3.0 is introduced. It is over 10 times faster than USB 2.0. 

• 2013 - USB 3.1 is introduced. It is about twice as fast as USB 3.0. 

• 2015 - USB Type-C is introduced. It is a reversible connector, which means that you can plug it in both ways. 

3.2.3 Different Standards: 

Currently, five different USB standards are used: USB 1.0, USB 1.1, USB 2.0, USB 3.0 and USB 3.1. USB 3.1 

was released in 2016 and doubled the speed of 3.0. It optionally uses a different connector called USB Type-C, 

which is reversible (meaning you can plug it in both ways).[1] USB 1.0 is now rarely used. 

USB offers five different transfer speeds: 1.5 MBit per second (called low speed), 12 MBit per second (Full 

Speed), 480 MBit/second (Hi Speed), 5Gbit per second (called super speed), and 10 Gbit/s (“super speed+“). Hi 

speed is only available in USB 2.0 and later, and Super speed is only available in USB 3.0. These speeds are 

raw bit rates (in Million bits per second). The actual data rate is usually lower due to protocol overhead. 

In order to use the hi speed transfer rate, the USB controller and the connected device both need to support it. 

USB is backwards compatible. Faster and slower USB devices and controllers can be connected together, but they 

will run at the slower speed. 

USB was designed to be easy to use. The engineers learned from other connectors before they designed USB 

connectors. There are 3 connectors. 

• Type A, commonly used at computer end of cable 

o Micro-A (rare) 

• Type B, at peripheral end, rare except for printers       11 

https://simple.wikipedia.org/wiki/USB#cite_note-1


 

 

        Micro-B, at peripheral end, for most smartphones 

• Type C, at either end. As of 2017, many new computers, phones and peripherals use it. 

Usability 

• It's not possible to plug in a USB A or B connector the wrong way. They cannot go in upside down, and it is 

obvious from the look and kinesthetic feeling, when it goes in properly. Sometimes, however, a user doesn't 

understand or see how the connector goes, so it might be necessary to try both ways. 

• Type C USB connectors can be plugged in both ways. It does not matter which way the connector is plugged 

in. 

• There is no need to push or pull very hard to plug or unplug it. This was in the specification. USB cables and 

small USB devices are held in place by the gripping force from the receptacle. USB does not need screws, 

clips, or other fasteners. The force needed to make or break a connection is small. This allows connections to 

be made in awkward positions or by those with motor disabilities. 

• Before the advent of Type C, the connectors enforced the directed topology of a USB network. USB does not 

support cyclical networks, so the connectors from incompatible USB devices are themselves incompatible. 

Unlike other communications systems (e.g. RJ-45 cabling) gender-changers were almost never used before 

the advent of USB-On-The-Go (OTG), making it difficult to create a cyclic USB network. 

 

Durability 

• The connectors are designed to be tough. Early connector designs were fragile, with pins or other delicate 

components which could easily bend or break, even if treated gently. The electrical contacts in a USB 

connector are protected by a plastic tongue. The entire connecting assembly is usually further protected by an 

enclosing metal sheath. As a result, USB connectors can safely be handled, inserted, and removed, even by a 

small child. 

• The connector construction always ensures that the external sheath on the plug contacts with its counterpart in 

the receptacle before the four connectors within are connected. This sheath is typically connected to the 

system ground, allowing otherwise damaging static charges to be safely discharged by this route (rather than 

via delicate electronic components). This means of enclosure also means that there is a (moderate) degree of 

protection from electromagnetic interference afforded to the USB signal while it travels through the mated 

connector pair (this is the only location when the otherwise twisted data pair must travel a distance in 

parallel). 
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•  As well, the power and common connections are made after the system ground but before the data 

connections. This type of staged make-break timing allows for safe hot-swapping and has been used for 

connectors in the aerospace industry. 

• The newer USB micro receptacles are designed to allow up to 10,000 cycles of insertion and exertion 

between the receptacle and plug, compared to 500 for the standard USB and Mini-USB receptacle. This is 

done by adding a locking device and by moving the leaf-spring connector from the jack to the plug, so that 

the most-stressed part is on the cable side of the connection. This change was made so that the connector on 

the (relatively inexpensive) cable would bear the most wear instead of the micro-USB device. 

Compatibility 

• The USB standard specifies relatively big tolerances for compliant USB connectors. This is done to minimize 

incompatibilities in connectors produced by different vendors (a goal that has been very successfully 

achieved). Unlike most other connector standards, the USB specification also defines limits to the size of a 

connecting device in the area around its plug. This was done to prevent a device from blocking adjacent ports 

due to its size. Compliant devices must either fit within the size restrictions or support a compliant extension 

cable which does. 

• Two-way communication is also possible. Usually cables have only plugs, and hosts and devices have only 

receptacles: hosts having type-A receptacles and devices type-B. Type-A plugs only join with type-A 

receptacles, and type-B with type-B. However, an extension to USB called USB On-The-Go allows a single 

port to act as either a host or a device - chosen by which end of the cable plugs into the socket on the unit. 

Even after the cable is hooked up and the units are talking, the two units may "swap" ends under program 

control. This facility targets units such as PDAs where the USB link might connect to a PC's host port as a 

device in one instance, yet connect as a host itself to a keyboard and mouse device in another instance. 
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3.3 RESISTORS: 

 

Fig 3.3: Resistors 

 

 

A resistor is a passive two-terminal electrical component that implements electrical resistance as a circuit 

element. In electronic circuits, resistors are used to reduce current flow, adjust signal levels, to divide 

voltages, bias active elements, and terminate transmission lines, among other uses. High-power resistors that can 

dissipate many watts of electrical power as heat, may be used as part of motor controls, in power distribution 

systems, or as test loads for generators. Fixed resistors have resistances that only change slightly with 

temperature, time or operating voltage. Variable resistors can be used to adjust circuit elements (such as a volume 

control or a lamp dimmer), or as sensing devices for heat, light, humidity, force, or chemical activity. 

Resistors are common elements of electrical networks and electronic circuits and are ubiquitous in electronic 

equipment. Practical resistors as discrete components can be composed of various compounds and forms. 

Resistors are also implemented within integrated circuits. 
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3.4 DIODES: 

 

                                                Fig 3.4: Diode 

 

A diode is a two-terminal electronic component that conducts current primarily in one direction 

(asymmetric conductance); it has low (ideally zero) resistance in one direction, and high (ideally 

infinite) resistance in the other. A diode vacuum tube or thermionic diode is a vacuum tube with two electrodes, 

a heated cathode and a plate, in which electrons can flow in only one direction, from cathode to plate. 

A semiconductor diode, the most commonly used type today, is a crystalline piece of semiconductor material 

with a p–n junction connected to two electrical terminals. Semiconductor diodes were the first semiconductor 

electronic devices. The discovery of asymmetric electrical conduction across the contact between a crystalline 

mineral and a metal was made by German physicist Ferdinand Braun in 1874. Today, most diodes are made 

of silicon, but other materials such as gallium arsenide and germanium are also used. 
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3.5 TRANSISTOR: 

 

Fig 3.5: Transistor 

 

The 2N2222 is a common NPN bipolar junction transistor (BJT) used for general purpose low-

power amplifying or switching applications. It is designed for low to medium current, low power, 

medium voltage, and can operate at moderately high speeds. It was originally made in the TO-18 metal can as 

shown in the picture. 

The 2N2222 is considered a very common transistor, and is used as an exemplar of an NPN transistor. It is 

frequently used as a small-signal transistor, and it remains a small general purpose transistor of enduring 

popularity. 

The 2N2222 was part of a family of devices described by Motorola at a 1962 IRE convention. Since then it has 

been made by many semiconductor companies, for example, Texas Instruments. 
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3.6 DC MOTOR: 

 

Fig 3.6: DC Motor 

 

 

 

 

A DC motor is any of a class of rotary electrical motors that converts direct current electrical energy into 

mechanical energy. The most common types rely on the forces produced by magnetic fields. Nearly all types of 

DC motors have some internal mechanism, either electromechanical or electronic, to periodically change the 

direction of current in part of the motor. 

DC motors were the first form of motor widely used, as they could be powered from existing direct-current 

lighting power distribution systems. A DC motor's speed can be controlled over a wide range, using either a 

variable supply voltage or by changing the strength of current in its field windings. Small DC motors are used in 

tools, toys, and appliances. The universal motor can operate on direct current but is a lightweight brushed motor 

used for portable power tools and appliances. Larger DC motors are currently used in propulsion of electric 

vehicles, elevator and hoists, and in drives for steel rolling mills. The advent of power electronics has made 

replacement of DC motors with AC motors possible in many applications. 
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3.7 PUSH BUTTON: 

 

Fig 3.7: Push Button 

 

A push-button (also spelled pushbutton) or simply button is a simple switch mechanism to control some aspect 

of a machine or a process. Buttons are typically made out of hard material, usually plastic or metal. The surface is 

usually flat or shaped to accommodate the human finger or hand, so as to be easily depressed or pushed. Buttons 

are most often biased switches, although many un-biased buttons (due to their physical nature) still require 

a spring to return to their un-pushed state. Terms for the "pushing" of a button 

include pressing, depressing, mashing, slapping, hitting, and punching. In industrial and commercial 

applications, push buttons can be connected together by a mechanical linkage so that the act of pushing one 

button causes the other button to be released. In this way, a stop button can "force" a start button to be released. 

This method of linkage is used in simple manual operations in which the machine or process has no electrical 

circuits for control. 

 

3.8 POTENTIOMETER: 

 

Fig 3.8: Potentiometer      18 

 



 

 

                                                                                                                                                             

A potentiometer is a three-terminal resistor with a sliding or rotating contact that forms an adjustable voltage 

divider. If only two terminals are used, one end and the wiper, it acts as a variable resistor or rheostat. 

The measuring instrument called a potentiometer is essentially a voltage divider used for measuring electric 

potential (voltage); the component is an implementation of the same principle, hence its name. 

Potentiometers are commonly used to control electrical devices such as volume controls on audio equipment. 

Potentiometers operated by a mechanism can be used as position transducers, for example, in a joystick. 

Potentiometers are rarely used to directly control significant power (more than a watt), since the power dissipated 

in the potentiometer would be comparable to the power in the controlled load. 

3.9 CONNECTING WIRES: 

 

Fig 3.9: Connecting wires 

A wire is a single, usually cylindrical, flexible strand or rod of metal. Wires are used to bear 

mechanical loads or electricity and telecommunications signals. Wire is commonly formed by drawing the metal 

through a hole in a die or draw plate. Wire gauges come in various standard sizes, as expressed in terms of 

a gauge number. The term 'wire' is also used more loosely to refer to a bundle of such strands, as in 

"multistranded wire", which is more correctly termed a wire rope in mechanics, or a cable in electricity. 

Wire comes in solid core, stranded, or braided forms. Although usually circular in cross-section, wire can be 

made in square, hexagonal, flattened rectangular, or other cross-sections, either for decorative purposes, or for 

technical purposes such as high-efficiency voice coils in loudspeakers. Edge-wound coil springs, such as 

the Slinky toy, are made of special flattened wire. 

A key property of a wire is its Pike constant: a measure of the maximum current that can pass through a given 

cross-sectional area of the wire material. Generally attributed to conductive metals, like copper, it is often used by 

professionals like electrical engineers.         19 

                                                                                                                           



 

 

 

3.10 BREAD BOARD: 

 

Fig 3.10: Bread Board 

 

A breadboard is a construction base for prototyping of electronics. Originally the word referred to a literal bread 

board, a polished piece of wood used for slicing bread.[1] In the 1970s the solderless 

breadboard (a.k.a. plugboard, a terminal array board) became available and nowadays the term "breadboard" is 

commonly used to refer to these. 

Because the solderless breadboard does not require soldering, it is reusable. This makes it easy to use for creating 

temporary prototypes and experimenting with circuit design. For this reason, solderless breadboards are also 

popular with students and in technological education. Older breadboard types did not have this property. 

A stripboard (Veroboard) and similar prototyping printed circuit boards, which are used to build semi-permanent 

soldered prototypes or one-offs, cannot easily be reused. A variety of electronic systems may be prototyped by 

using breadboards, from small analog and digital circuits to complete central processing units (CPUs). 

3.11 9V BATTERY: 

 

Fig 3.11: 9V Battery       20 

https://en.wikipedia.org/wiki/Breadboard#cite_note-1


 

 

The nine-volt battery, or 9-volt battery, is a common size of battery that was introduced for the early transistor 

radios. It has a rectangular prism shape with rounded edges and a polarized snap connector at the top. This type is 

commonly used in walkie-talkies, clocks and smoke detectors. 

The nine-volt battery format is commonly available in primary carbon-zinc and alkaline chemistry, in primary 

lithium iron disulfide, and in rechargeable form in nickel-cadmium, nickel-metal hydride and lithium-ion. 

Mercury-oxide batteries of this format, once common, have not been manufactured in many years due to their 

mercury content. Designations for this format include NEDA 1604 and IEC 6F22 (for zinc-carbon) or MN1604 

6LR61 (for alkaline). The size, regardless of chemistry, is commonly designated PP3—a designation originally 

reserved solely for carbon-zinc, or in some countries, E or E-block. 

Most nine-volt alkaline batteries are constructed of six individual 1.5 V LR61 cells enclosed in a wrapper. These 

cells are slightly smaller than LR8D425 AAAA cells and can be used in their place for some devices, even though 

they are 3.5 mm shorter. Carbon-zinc types are made with six flat cells in a stack, enclosed in a moisture-resistant 

wrapper to prevent drying. Primary lithium types are made with three cells in series. 

 3.12 BLUETOOTH MODULE: 

 

Fig 3.12: Bluetooth module 

Bluetooth is a wireless technology standard used for exchanging data between fixed and mobile devices over 

short distances using short-wavelength UHF radio waves in the industrial, scientific and medical radio bands, 

from 2.400 to 2.485 GHz, and building personal area networks (PANs). It was originally conceived as a wireless 

alternative to RS-232 data cables. 
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CHAPTER 4 

 

WORKING PRINCIPLE: 

 
Signal from Android device will be sent through Bluetooth. This signal will be communicated with arduino with 

the help of transmitter and receiver of both the devices.  

This signal will be represented by a single letter which denotes the speed and direction of the motor. There are 

three different direction of rotation: clockwise, anti-clockwise and stopping of the motor and these will be 

represented by different letters. This letter will vary the speed with reference to the arduino code.  

For forward direction the transistor Q1 and Q4 will be ON and for the reverse direction Q2 and Q3 will ON. Q1 

and Q2 are PNP transistors which becomes ON when low signal is sent and Q3 and Q4 are NPN transistors which 

becomes ON when high signal. PWM pins 5 and 6 are used to control the speed of the in both directions, they use 

the concept of varying the duty cycle (PWM Technique). Duty cycle varies from 0 - 225. So by choosing different 

duty cycle speed can be varied. Direction is controlled with the concept of having H-Bridge. 

 

 

IV SOFTWARE SIMULATION 
 

The android application in the mobile phone is developed with the help of Android Studio Software. 

 Android Studio is a free integrated development environment(IDE) from Google and official development 

environment for Android. Android Studio is based on IntelliJ IDEA. In addition to the features that are already  
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implemented in IntelliJ IDEA, furthermore, the following functions are available: Support for the development of 

Android, Android Wear and Android TVApps . 

Android Studio uses a build management automation tool, the on Gradle is based. The system gives the developer 

the opportunity for different device types such. B. Tablets to create optimized versions of the app. Theme editor 

Android Lint It is possible to configure Google services like Google Cloud Messaging within the IDE and apply it 

directly to the app. 

Support for ProGuard and automatic app signing the source code of Android Studio is freely available. 

 

 

 

4.1 ANDROID STUDIO 

 
 

 

               

 

              

 
 

Fig 4.1: Android developer blog  

 

4.2 CODING: 
1.  #define BLYNK_PRINT Serial 
2.  #include <BlynkSimpleSerialBLE.h>  
3. #include <SoftwareSerial.h>  
4. SoftwareSerial SwSerial(10, 11); // RX, TX  
5. // You should get Auth Token in the Blynk App.  
6. // Go to the Project Settings (nut icon).  
7. char auth[] = "c52bbc1504a2449d89667a2b320b2d47";  
8. int pinValue;  
9. SoftwareSerial SerialBLE(10, 11); // RX, TX  
10. int enable=0;  
11. int frwd=0;  
12. int revr=0;  
13. int spd=0;             23 



 

 

14. void setup()  
15. {  
16. // Debug console  
17. Serial.begin(9600);  
18. SerialBLE.begin(9600);  
19. Blynk.begin(SerialBLE, auth);  
20. Serial.println("Waiting for connections...");  
21. pinMode(5,OUTPUT); 
22.  pinMode(6,OUTPUT); 
23.  }  
24. BLYNK_WRITE(V1)  
25. {  
26. pinValue = param.asInt();// assigning incoming value from pin V1 to a variable 
27.  // You can also use:  
28. // String i = param.asStr();  
29. // double d = param.asDouble();  
30. Serial.print("V1 Slider value is: ");  
31. Serial.println(pinValue);  
32. }  
33. BLYNK_WRITE(V2)  
34. {  
35. frwd = param.asInt(); // assigning incoming value from pin V1 to a variable } BLYNK_WRITE(V3) { revr = param.asInt(); // 

assigning incoming value from pin V1 to a variable  
36. }  
37. BLYNK_WRITE(V4)  
38. { enable = param.asInt(); // assigning incoming value from pin V1 to a variable  
39. } 
40.  void loop()  
41. { 
42.  Blynk.run();          
43. // You can inject your own code or combine it with other sketches. 
44.  // Check other examples on how to communicate with Blynk. Remember  
45. // to avoid delay() function!  
46. if(enable==1)  
47. { 
48.   if(frwd==1 && revr==0) 
49.  {  
50. analogWrite(5,0);  
51. analogWrite(6,pinValue); 
52.  Serial.println("forward");  
53. } 
54.  if(frwd==0 && revr==1) 
55.  { 
56.  analogWrite(5,pinValue);  
57. analogWrite(6,0);  
58. Serial.println("reverse"); 
59.  }  
60. if(frwd==0 && revr==0) 
61.  {  
62. analogWrite(5,0);  
63. analogWrite(6,0); 
64.  }  
65. if(frwd==1 && revr==1)  
66. { 
67.  analogWrite(5,0);  
68. analogWrite(6,0);  
69. } 
70.    } 
71.     else{  
72. analogWrite(5,0);  
73. analogWrite(6,0);  
74. }  
75.   } 
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CHAPTER 5 

 

ADVANTAGES AND DISADVANTAGES 

 

5.1 ADVANTAGES: 

1. Bluetooth consumes less power than other devices. 

2. Android application is user-friendly.  

3. Technically expert persons are not required. 

4. Wireless communication is enhanced. 

5. Programming is simpler. 

 

5.2 DISADVANTAGES: 

1. Usage of Bluetooth module makes the usage only within a short range 

2. Usage of android app in smart phones consumes battery. 
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CHAPTER 6 

APPLICATIONS AND FUTURE SCOPE 

 
6.1 APPLICATIONS: 

 

• Home automation. 

• Many industrial applications require adjustable speed drive and constant speed for improving the quality 

product. 

• Intensity of light can also be controlled with the help of android app. 

 

6.2 FUTURE SCOPE: 

• In future, apart from controlling the speed and direction of DC motors, the same technique can be 

implemented in both single phase and three phase AC motors as well. 

• For long range wireless communication WIFI-module can be used. 

• Touch screen technology can also be implemented. 
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CHAPTER 7 

RESULT AND CONCLUSION 

7.1 RESULT: 

                                  

 

This system DC motor Controller by Android is developed to control the speed of the DC motor in both 

clockwise and anticlockwise direction. By this controller speed can be controlled in any direction. For this DC 

motor is interfaced to the 8051 microcontroller. A Bluetooth modem is used to receive direction commands and 

PWM commands. 

7.2 CONCLUSION: 

Thus the speed and direction control of the DC motor is achieved with the help of Android mobile application 

with the help of Bluetooth technology. In this way wireless communication is also achieved. 
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PROJECT PROFORMA 

 

 
Classification of Project 

Application Product Research Review 

✓     

Note: Tick Appropriate category. 
Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1 2 1 3 1 3 1 1 1 2 1 1 1 2 1 

Outcome 2 3 2 3 1 2 1 1 1 3 3 2 1 3 2 

Outcome 3 1 1 2 1 1 1 1 1 1 1 1 1 2 1 

Outcome 4 2 2 2 1 2 1 1 1 2 1 1 1 2 2 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based 

on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped 3-Substantially (High) mapped 

 

Programme Outcomes: 

1.  Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization for the solution of complex engineering 

problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with appropriate 

consideration for public health and safety, and cultural, societal, and environmental 

considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, 

and synthesis of t h e information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

Modern engineering and IT tools, including prediction and modeling to complex 

engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal, and cultural issues and the consequent 

responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, 



 

 

and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with the society at large, such as, being able to 

comprehend and write effective reports and design documentation, make effective 

presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a 

member and leader in a team, to manage projects and in multidisciplinary 

environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological 

change. 

 

Programme Specific Outcomes(PSO): 

 

1. Apply the knowledge of circuit design, analogy & digital electronics to the field of 

electrical and electronics systems 

 

2. Analyze, design and develop control systems, industrial drives and power systems 

using modern tools. 
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                                    ABSTRACT 
 

 

        

With the brisk utilization of non-sustainable resources, inexhaustible resources like sun 
powered energy, wind energy, hydro energy, etc. needs to be upgraded for proper 

utilization. Nowadays, photovoltaic (PV) system‘s energy, based on sunlight is most 

widely used energy source. The efficiency of the PV system will change with the change 

in parameters like voltage, current and temperature due to its non-linear PV characteristics 

which may be overcome with the help of controllers at different stages of operation. In 

this paper, the Simulink model shows the behavior of solar power fed 3-phase, 5 HP 

induction motor (IM) at different load conditions along with the additional load of 150 

kW present in the system. A PV array with maximum power of 262 kW along with Boost 

Converter and 3-phase inverter has been simulated. The maximum power point tracking 

(MPPT) controller has been implemented in order to extract the maximum power from the 

PV array. A closed loop controller has been implemented to control the 3-phase inverter 

according to the load conditions. The results related to the behavior of 3-phase induction 

motor drive and PV system at different stages of operation has been discussed. 

 
Keywords— PV system, MPPT controller, Inverter controller, fuzzy logic controller, three phase 

induction motor. 
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                                       CHAPTER 1 

 

                                   INTRODUCTION 
 

 

1.1 OVER VIEW OF THE PROJECT: 
 

                            The amount of solar energy received by the earth is almost 6000 times the 

total amount of energy consumed globally. The non-renewable resources are depleting 

rapidly due to their higher consumption rate and there will be a need of an efficient source 

in the future to meet the energy demand. The Photovoltaic (PV) energy derived from solar 

energy may be used to generate clean energy with low cost and higher efficiency when 

contrasted with other inexhaustible resources. The PV based electrical energy is having 

more importance in rural areas, due to the problems faced in transmitting the utility power 

because of their geographical location and economic constraints. The energy generated 

from the PV system may be used for various purposes like water pumping system, 

compressor, fans, drilling machines.  

 

                            

                    In earlier days, the per unit cost of electricity produced from the PV system 

was higher when compared to that of electricity produced from the fossil fuels, because of 

which, it was not generated in large scale for commercial purpose. But, due to the extensive 

research carried out in the field of PV modules, its cost has been decreased a lot. As a 

result, solar PV system is producing electricity financially competitive enough when 

compared to that of electricity produced by fossil fuels. 

 

                           

                     The solar PV system may be connected to the utility or to the load with the 

help of dc-dc converters and inverters. And these components play a vital role in supplying 

quality power to the grid or to the load. The efficiency of these components in the PV 

system is listed below: • PV module (8-15%) • MPPT Algorithm (98%) • Boost Converter 

(>90%) • Inverter (95-98%) In this paper, a model has been proposed to pump the 

underground water with the help of a 5 HP induction motor and to transmit the additional 

power of 150 kW to the surrounding areas for lighting application. 

  

 

 

 

 

 

 

 

                                                                                                                                  1 

 

                                           

 

 



                                                                                                                                               

 
 

                                              CHAPTER 2 

 

 

BLOCK  AND  CIRCUIT  DAIGRAMS  EXPLINATION 

 

 

 

 
 

 

Fig: 2.1 Block Diagram of  solar  power fed induction motor drive for water pumping 

application along with the load 

 

 

 

 

 

A module is formed by the number of basic PV cells to convert the sun‘s energy into 

useful electrical energy. A PV array consists of a number of series connected string and 

parallel connected strings order to get the desired level of voltage and power. The I-V 

and P-V characteristics of a PV module are nonlinear, because of which the efficiency 

is very low (about 20%). 
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                                                  CHAPTER 3 

                                                                                                                                                                                      

                     REQUIREMENTS OF PROJECT 
 

 

 

3.1. BASIC REQUIREMENTS: 

 
 PV  module  ( 8-15%)       

 MPPT Algorithm (98%) 

 Boost Converter (>90%) 

 Inverter (  95-98%) 

 

In this paper, a model has been proposed to pump the underground water with the help of a 

5 HP induction motor and to transmit the additional power of 150 kW to the surrounding 

areas for lighting application. The paper has been organized in the following manner. 

Section II explains about the PV array and system components. The simulation results 

 

 

A module is formed by the number of basic PV cells to convert the sun‘s energy into 

useful electrical energy. A PV array consists of a number of series connected string and 

parallel connected stringsnin order to get the desired level of voltage and power [8]. 

The I-V and P-V characteristics of a PV module are non- linear, because of which the 

efficiency is very low (about 20%) [5]. 

  The electrical equivalent circuit of a PV cell is shown in 

 

 

 

                            
 

 

                                              Fig.3.1.1.Single Diode  PV model 
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  In this work, a PV array of 262kW has been simulated in 
Simulink. The PV array consists of 28 series connected 1STH- 215-P Soltech PV module 

in each string and 44 number of parallel strings. The I-V and P-V characteristics curves of 

1STH-215-P Soltech PV module at different irradiation conditions are shown in ―Fig. 2‖. 

 

 

 
 

 

                           Fig. 3.1.2. I-V and P-V Characteristics of 1STH-215-P Soltech. 

 
  

From ―Fig. 2‖, it may be observed that the current is directly proportional to irradiance 

and with the changes in current the power also changes in accordance with the irradiance. 

The power and cell voltage are also the functions of temperature which will undergo 

changes with the change in temperature. 

 

 

 
 

                    Fig.3.1.3.Working of Perturb and Observe MPPT method. 
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Perturb and Observe (P&O) method has been used in this paper for MPPT which is 
similarly more proficient, precise, quick and is a low-cost technique which reduces the 

complexity [11]. The operation of P&O is shown in ―Fig. 3‖. P&O method derives the 

corresponding voltage and current from the PV array and calculates the best optimized 

operating power. 

 

               Perturb and Observe (P&O) method has been used in this paper for MPPT 

which is similarly more proficient, precise, quick and is a low-cost technique which 

reduces the complexity [11]. The operation of P&O is shown in ―Fig. 3‖. P&O method 

derives the corresponding voltage and current from the PV array and calculates the best 

optimized operating power. 

  From ―Fig. 4‖, it may be observed that the input voltage 

 

Moreover, there is a great loss of power if the impedance of source will not match 

properly with the load impedance [9]. So, the cost of solar PV array will be reduced and 

the efficiency will be improved by matching the load impedance with the source 

impedance. 

 

 

                       

 
 

                          Fig,3.1.4. Generalized block diagram of PV System. 

 

 

In this method, the voltage is perturbed and the corresponding power from PV curve will be 

observed from operating point. i.e Maximum  power point(MPP) 

 

 Current from the PV array has been used to calculate the instantaneous power at the 

present instant and previous instant. Using these powers, the duty cycle is adjusted which 

results in change in voltage across Boost Converter. 
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A Boost Converter is a DC-DC converter that steps-up voltage (simultaneously 

stepping down the current) from its input supply to its output load. The loss in Boost 

Converter is only due to the electrical components like inductor, diode, capacitor and 

mosfets which can be neglected. The Boost Converter works on the principle of charging 

and discharging rapidly leading to the step up of voltage at its output terminals. 

To connect the suitable 3 phase load, the DC output of the Boost Converter will be 

transformed into AC output with the  help of 3 phase inverter. It generally consists of 

switching devices like IGBTs or MOSFETs, etc. [8]. 

 

                    

              
 

 

             Fig.3.1.5 Schematic diagram of Inverter Controller. 

 

 

The Inverter controller circuit consists of the voltage regulator and current regulator 
which controls the modulation index of the controlled signal fed to pulse width 

modulation (PWM) generator of the 3-phase inverter. The output from the controller is 

responsible for producing the controlled voltage at the output terminals of the inverter at 

specified frequency. 
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There are number of intelligent controllers found in the literature, but fuzzy logic controller 
(FLC) is becoming popular because of simpler in construction and is easier in 

implementation [12]. It is a non-linear controller consisting of three stages like the input 

stage, processing stage and output stage. The different stages of operations of fuzzy are    

fuzzification, fuzzy interference engine, rule base and defuzzification. Triangular  

membership functions (MF) are widely used in FLC. A set of 49 rule-base has been 

considered in the FLC. 

 

The specification of the implemented solar PV module and IM are listed in ―Table I‖. 

 

 

 
 

 
PV module 

 
Induction Machine 

 
Pmax(W
) 

 
213.1
5 

 
Number of Phase 

 
3 

 
Ncell 

 
60 

 
Rotor type 

 
Squirrel 
Cage 

 
Voc (V) 

 
36.3            
 

 
Nominal power 

 
3730VA 

 
Isc (A) 

 
7.84 

 
Line-line 
voltage(rms) 

460V 

 
Vmpp 
(V) 

 
29 

 
Frequency 

 
60Hz 

 
Impp (A) 

 
 7.35 

 
RPM 

 
1750 

 
             

                          Table 3.1.6.Solar PV module and induction motor specifications 
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                                                     CHAPTER 4 

 

                                     COMPONENTS 

 

 

 
4.1. SOLAR  PANEL: 

 

The term solar panel is used colloquially for a photo-voltaic (PV) module. 

A PV module is an assembly of photo-voltaic cells mounted in a frame work for 

installation. Photo-voltaic cells use sunlight as a source of energy and generate direct 

current electricity. A collection of PV modules is called a PV Panel, and a system of Panels 

is an Array. Arrays of a photovoltaic system supply solar electricity to electrical equipment. 

The most common application of solar energy collection outside agriculture is solar water 

heating systems.
 

 

4.1.1.THEORY  AND  CONSTRUCTION: 

 

 

 

 

 

 

                                                   Fig.4.1.1.Solar panel  
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Photovoltaic modules use light energy (photons) from the Sun to generate electricity 

through the photovoltaic effect. Most modules use wafer-based crystalline silicon cells 

or thin-film cells. The structural (load carrying) member of a module can be either the top 

layer or the back layer. Cells must be protected from mechanical damage and moisture. 

Most modules are rigid, but semi-flexible ones based on thin-film cells are also available. 

The cells are connected electrically in series, one to another to a desired voltage, and then 

in parallel to increase amperage. The wattage of the module is the mathematical product of 

the voltage and the amperage of the module. 

 

A PV junction box is attached to the back of the solar panel and functions as its output 

interface. External connections for most photovoltaic modules use MC4 connectors to 

facilitate easy weatherproof connections to the rest of the system. A USB power interface 

can also be used. 

 

Module electrical connections are made in series to achieve a desired output voltage or in 

parallel to provide a desired current capability (amperes) of the solar panel or the PV 

system. The conducting wires that take the current off the modules are sized according to 

the ampacity and may contain silver, copper or other non-magnetic conductive transition 

metals. Bypass diodes may be incorporated or used externally, in case of partial module 

shading, to maximize the output of module sections still illuminated. 

 

Some special solar PV modules include concentrators in which light is focused by lenses or 

mirrors onto smaller cells. This enables the use of cells with a high cost per unit area (such 

as gallium arsenide) in a cost-effective way. 

 

Solar panels also use metal frames consisting of racking components, brackets, reflector 

shapes, and troughs to better support the panel structure. 

4.1.2. Standards: 

 Standards generally used in photovoltaic modules: 

 IEC 61215 (crystalline silicon performance), 61646 (thin film performance) and 61730 

(all modules, safety) 

 ISO 9488 Solar energy—Vocabulary. 

 UL 1703 from Underwriters Laboratories 

 UL 1741 from Underwriters Laboratories 

 UL 2703 from Underwriters Laboratories 

 CE mark 

 Electrical Safety Tester (EST) Series (EST-460, EST-22V, EST-22H, EST-110). 
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4.1.3. Applications:  

 

There are many practical applications for the use of solar panels or photo voltaics. It can 

first be used in agriculture as a power source for irrigation. In health care solar panels can 

be used to refrigerate medical supplies. It can also be used for infrastructure. PV modules 

are used in photovoltaic systems and include a large variety of electric devices: 

 

 Photovoltaic power stations 

 Rooftop solar PV systems 

 Standalone PV systems 

 Solar hybrid power systems 

 Concentrated photo voltaics 

 Solar planes 

 Solar-powered water purification 

 Solar-pumped lasers 

 Solar vehicles 

 Solar panels on space crafts and space stations 

 

 

4.2. CHARGE  REGULATOR: 

 
  Charge controller manages the power going into the battery bank from the solar 

array.  It ensures that the deep cycle batteries are not overcharged during the day, 

and that the power doesn‘t run backwards to the solar panels overnight and drain the 

batteries. Some charge controllers are available with additional capabilities, like 

lighting and load control, but managing the power is its primary job. 

 A solar charge controller is available in two different technologies, PWM and 
MPPT. How they perform in a system is very different from each other. An MPPT 

charge controller is more expensive than a PWM charge controller, and it is often 

worth it to pay the extra money. 
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               FIG.4.2.1.CHARGE REGULATOR 

 

 

 

 

   4.2.1. PWM SOLAR CHARGE CONTOLLER: 
       

 

  stands for ―Pulse Width Modulation‖. These operate 

by making a connection directly from the solar array to the battery bank. During 

bulk charging, when there is a continuous connection from the array to the battery 

bank, the array output voltage is ‗pulled down‘ to the battery voltage. As the battery 

charges, the voltage of the battery rises, so the voltage output of the solar panel rises 

as well, using more of the solar power as it charges. As a result, you need to make 

sure you match the nominal voltage of the solar array with the voltage of the battery 

bank. Note that when we refer to a 12V solar panel, that means a panel that is 

designed to work with a 12V battery. The actual voltage of a 12V solar panel, when 

connected to a load, is close to 18 Vmp (Volts at maximum power).  

 

 This is because a higher voltage source is required to charge a battery. If the battery 

and solar panel both started at the same voltage, the battery would not charge.A 12V 

solar panel can charge a 12V battery. A 24V solar panel or solar array (two 12V 

panels wired in series) is needed for a 24V battery bank, and 48V array is needed 

for 48V bank. If you try to charge a 12V battery with a 24V solar panel, you will be 

throwing over half of the panel‘s power away. If you try to charge a 24V battery 

bank with a 12V solar panel, you will be throwing away 100% of the panel‘s 

potential, and may actually drain the battery as well. 
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4.2.2. MPPT SOLAR CHARGE CONTROLLER: 
 

 

An MPPT solar charge controller stands for ―Maximum Power Point Tracking‖.  It will 

measure the Vmp voltage of the panel, and down-converts the PV voltage to the battery 

voltage. Because power into the charge controller equals power out of the charge controller, 

when the voltage is dropped to match the battery bank, the current is raised, so you are 

using more of the available power from the panel. You can use a higher voltage solar array 

than battery, like the 60 cell nominal 20V grid-tie solar panels that are more readily 

available. With a 20V solar panel, you can charge a 12V battery bank, or two in series can 

charge up to a 24V battery bank, and three in series can charge up to a 48V battery ban 

This opens up a whole wide range of solar panels that now can be used for your off-grid 

solar system. 
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4.2.3. THE KEY FEATUES OF A SOLAR CHARGE CONTROLLER      

ARE: 

 
 Multistage charging of battery bank - changes the amount of power set to the batteries 

based on its charge level, for healthier batteries. 

 Reverse current protection - stops the solar panels from draining the batteries at night when 

there is no power coming from the solar panels. 

 Low voltage disconnect - turns off attached load when battery is low and turns it back on 

when the battery is charged back up. 

 Lighting control - turns attached light on and off based on dusk and dawn. Many controllers 

are configurable, allowing settings for a few hours or all night, or somewhere in between. 

 Display- may show voltage of battery bank, state of charge, amps coming in from solar 

panel. 

 

 

4.3. Solar inverter: 
 

A solar inverter or PV inverter, is a type of electrical converter which converts the 

variable direct current (DC) output of a photovoltaic (PV) solar panel into a utility 

frequency alternating current (AC) that can be fed into a commercial electrical grid or used 

by a local, off-grid electrical network. It is a critical balance of system (BOS)–component 

in a photovoltaic system, allowing the use of ordinary AC-powered equipment. Solar power 

inverters have special functions adapted for use with photovoltaic arrays, 

including maximum power point tracking and anti-islanding pro.                                              
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                                                      Fig.4.3 Internal view of a solar inverter 

 

 

4.3.1. Maximum power point tracker: 

 

Solar inverters use Maximum Power Point Tracking(MPPT) to get the maximum possible 

power from the PV array. Solar cells have a complex relationship between solar irradiation, 

temperature and total resistance that produces a non-linear output efficiency known as 

the V-I curve. It is the purpose of the MPPT system to sample the output of the cells and 

determine a resistance (load) to obtain maximum power for any given environmental 

conditions. 

The fill factor, more commonly known by its abbreviation FF, is a parameter which, in 

conjunction with the open circuit voltage (Voc) and short circuit current (Isc) of the panel, 

determines the maximum power from a solar cell. Fill factor is defined as the ratio of the 

maximum power from the solar cell to the product of Voc and Isc. 

There are three main types of MPPT algorithms perturb-and-observe, incremental 

conductance and constant voltage. The first two methods are often referred to hill climbing 

methods; they rely on the curve of power plotted against voltage rising to the left of the 

maximum power point, and falling on the right. 
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4.4.Three Phase AC Induction Motor: 

 

Some of the advantages like low cost, rugged design less complexity and easy to maintain 

of AC motors results many of the industrial operations are performed with use of AC 

drives  than DC drives. AC induction motor is a special type of electric motor having its 

own typical characteristics and performance in terms of starting, speed control, protections, 

and so on. 

 

 

              
                         

                          Fig.4.4Ac induction motor 

The three-phase AC induction motor is a rotating electric machine that is designed to 

operate on three phase supply. This 3 phase motor is also called as an asynchronous motor. 

This AC motors are of two types: 

 Squirrel case  induction motor 

 Slip –ring  induction motor 

 The principle of operation of this motor is based on the production of rotating magnetic             

field. 
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4.4.1. 3-Phase Induction Motor Construction: 

These three phase motors consist of a stator and a rotor and between which no electrical 

connection exists. These stator and rotors are constructed with the use of high-magnetic 

core materials in order to reduce hysteresis and eddy current losses. 

 

 

                     Fig.4.4.1.3-Phase Induction motor Constuction 

 

Stator frame can be constructed using cast iron, aluminum or rolled steel. Stator frame 

provides necessary mechanical protection and support for stator laminated core, windings 

and other arrangements for ventilation. Stator is wounded with three-phase windings which 

are overlapped with one another at 120 degree phase shift fitted into slotted laminations. 

The six ends of the three windings are brought out and connected to the terminal box so that 

these windings are excited by three-phase main supply. 

 

These windings are of copper wire insulated with varnish fitted into insulated slotted 

laminations. At all working temperatures, this impregnated varnish remains rigid. These 

windings have high-insulation resistance and high resistance to saline atmosphere, 

moisture, alkaline fumes, oil and grease, etc. Whichever suits the voltage level, these 

windings are connected in either star or delta connections. 

 

The rotor of three phase AC induction motor is different for the slip-ring and squirrel-cage 

induction motors. Rotor in slip-ring type consists of heavy aluminum or copper bars shorted 

on both ends of the cylindrical rotor. The shaft of the induction motor is supported on two 

bearings at each ends to ensure free rotating within the stator and to reduce the friction. It 

consists of stack of steel laminations evenly spaced slots that are punched around of its 

circumference into which un-insulated heavy aluminum or copper bars are placed. 
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A slip-ring-type rotor consists of three-phase windings are internally starred at one end, and 

the other ends are brought outside and connected to the slip rings mounted on the rotor 

shaft. And for developing a high-starting torque these windings are connected to rheostat 

with the help of carbon brushes. This external resistors or rheostat is used at the starting 

period only. Once the motor attains the normal speed, the brushes are short circuited, and 

the wound rotor works as squirrel cage rotor. 

 

4.4.2. Principle of operation of 3 phase induction motor: 

 

 

 

                      Fig.4.4.2..Principle of operation of 3 phase induction motor 

 

 When the motor is excited with three-phase supply, three-phase stator winding produce 

a rotating magnetic field with 120 displacements at constant magnitude which rotates at 

synchronous speed. This changing magnetic field cuts the rotor conductors and induces 

a current in them according to the principle of Faraday‘s laws of electromagnetic 

induction. As these rotor conductors are shorted, the current starts to flow through these 

conductors. 

 

 In the presence of magnetic field of stator, rotor conductors are placed, and therefore, 

according to the Lorenz force principle, a mechanical force acts on the rotor conductor. 

Thus, all the rotor conductors force, i.e., the sum of the mechanical forces produces 

torque in the rotor which tends to move it in the same direction of rotating magnetic 

field. 

 

 This rotor conductor‘s rotation can also be explained by Lenz‘s law which tells that the 

induced currents in the rotor oppose the cause for its production, here this opposition is 

rotating magnetic field. This result the rotor starts rotating in the same direction of the 

stator rotating magnetic field.  
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 If the rotor  speed more than stator speed, then no current will induce in the rotor 
because the reason for rotor rotation is the relative speed of the rotor and stator magnetic 

fields. This stator and the rotor fields difference is called as slip.                                                                                                                                    
 

 This how 3-phase motor is called as asynchronous machine due to this relative speed 

difference between the stator and the rotors. As we discussed above, the relative speed 

between the stator field and the rotor conductors causes to rotate the rotor in a particular 

direction. Hence, for producing the rotation, the rotor speed Nr must always be less than 

the stator field speed Ns, and the difference between these two parameters depends on 

the load on the motor. 

     The difference of speed or the slip of the AC induction motor is given as 

                        

 

 

 

 When the stator is stationary, Nr=0; so the slip becomes 1 or 100%. 

 When Nr is at synchronous speed, the slip becomes zero; so the motor never runs at 

synchronous speed. 

 The slip in the 3 phase induction motor from no load to full load is about 0.1% to 3%; 

that‘s why the induction motors are called as constant-speed motors. 

 

 

 

4.5. Fuzzy Logic Controller: 

 

Fuzzy logic is widely used in machine control. The term "fuzzy" refers to the fact that the 

logic involved can deal with concepts that cannot be expressed as the "true" or "false" but 

rather as "partially true". Although alternative approaches such as genetic algorithms and 

neural networks can perform just as well as fuzzy logic in many cases, fuzzy logic has the 

advantage that the solution to the problem can be cast in terms that human operators can 

understand, so that their experience can be used in the design of the controller. This makes 

it easier to mechanize tasks that are already successfully performed.                                 
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Fuzzy sets: 

The input variables in a fuzzy control system are in general mapped by sets of membership 

functions similar to this, known as "fuzzy sets". The process of converting a crisp input 

value to a fuzzy value is called "fuzzification". 

A control system may also have various types of switch, or "ON-OFF", inputs along with 

its analog inputs, and such switch inputs of course will always have a truth value equal to 

either 1 or 0, but the scheme can deal with them as simplified fuzzy functions that happen 

to be either one value or another. 

Given "mappings" of input variables into membership functions and truth values, 

the microcontroller then makes decisions for what action to take, based on a set of "rules", 

each of the form. 

 

 
 

                 Fig.4.5.1.Centroid Defuzzification using Max-Min inferencing                          
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Notice how each rule provides a result as a truth value of a particular membership function 

for the output variable. In centroid defuzzification the values are OR'd, that is, the 

maximum value is used and values are not added, and the results are then combined using a 

centroid calculation. 

Fuzzy control system design is based on empirical methods, basically a methodical 

approach to trial-and-error. The general process is as follows: 

 Document the system's operational specifications and inputs and outputs. 

 Document the fuzzy sets for the inputs. 

 Document the rule set. 

 Determine the defuzzification method. 

 Run through test suite to validate system, adjust details as required. 

 Complete document and release to production. 

As a general example, consider the design of a fuzzy controller for a steam turbine. The 

block diagram of this control system appears as follows: 

Notice how each rule provides a result as a truth value of a particular membership function 

for the output variable. In centroid defuzzification the values are OR'd, that is, the 

maximum value is used and values are not added, and the results are then combined using a 

centroid calculation. 

Fuzzy control system design is based on empirical methods, basically a methodical 

approach to trial-and-error. The general process is as follows: 

 Document the system's operational specifications and inputs and outputs. 

 Document the fuzzy sets for the inputs. 

 Document the rule set. 

 Determine the defuzzification method. 

 Run through test suite to validate system, adjust details as required. 

 Complete document and release to production. 

As a general example, consider the design of a fuzzy controller for a steam turbine. The 

block diagram of this control system appears as follows. 

 

 

 

4.5.2. Building a fuzzy controller: 

Consider implementing with a microcontroller chip a simple feedback controller: 
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4.6. MPPT Charge Controller: 

 

Description: 

 

This reference design is a Maximum Power Point Tracking (MPPT) solar charge controller 

for 12-V and 24-V solar panels. This compact reference design targets small and medium 

power solar charger solutions and is capable of operating with 15- to 60-V solar panel 

modules, 12- or 24-V batteries and providing upwards of 20 A output current. The design 

uses a two-phase interleaved buck converter to step down the panel voltage to the battery 

voltage. The buck converter and its connected gate drivers are controlled by a 

microcontroller unit (MCU), which calculates the maximum power point using the perturb 

and observe method. The solar MPPT charge controller is created with real-world 

considerations, including reverse battery protection, software programmable alarms and 

indications, and surge and ESD protection. 

 

 

 

                                
 

 
                                           Fig.4.5.1.MPPT Controller                                                     
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4.5.2. Features: 

 

 96% efficiency in 12-V systems and 97% efficiency in 24-V systems 

 Wide input voltage range: 15 V to 60 V 

 High rated output current: 20A 

 Battery reverse polarity, over-charge and over-discharge protections 

 System over-temperature and ambient light detection capabilities 

 Small board form factor: 130 mm x 82 mm x 38 mm 

 

 

 

 

4.5.3. MPPT Algorithm: 

 

                         

                                      4.5.3. Flow Chart of  MPPT Algorithm                                                                        
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                                            CHAPTER 6 

 

                  RESULTS AND CONCLUSION 
 

 

6.1. Results: 

 

Solar panels produce direct electricity with the help of electrons that are moving from 

negative to positive direction. Most of the appliances that we use at home work on 

alternative current. This AC electricity the voltage can be adjusted according to the use of 

the appliance. As solar panels only produce direct current the solar inverter is used to 

convert DC to AC. An inverter produces square waves or a sine wave which can be used 

for running lights, televisions, lights, motors etc. However these inverters also produce 

harmonic distortion. Hence in this project we are running a motor by using the  inverter 

output.  

 

 

 

 

6.2. Conclusion: 

 
The proposed system has been studied for under different load torque conditions on the IM. 

It has been observed that is a negligible deviation in the speed of the induction motor. It has 

been found that the constant speed of the induction motor may be achieved in less time by 

using FLC. At the same time, the efficiency of the system is also quite high. Hence from 

the above study it can be concluded that the FLC has an important role in mitigating the 

transients and maintaining the PV system at high efficiency. 

 

 

6.3. Future Scope: 
 

In solar energy sector, many large projects have been proposed in India. 

 Thar Desert has some of India‘s best solar power projects, estimated to generate 700 to 

2,100 GW. 

 On March 1st, 2014, the then Chief Minister of Gujarat, Narendra Modi, inaugurated at 

Diken in Neemuch district of Madhya Pradesh, India‘s biggest solar power plant. 
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 Gujarat‘s pioneering solar power policy aims at 1,000 MW of solar energy generation. 

 In July 2009, a $19 billion solar power plan was unveiled which projected to produce 20 

GW of solar power by 2020. 

 About 66 MW is installed for various applications in the rural area, amounting to be used in 

solar lanterns, street lighting systems and solar water pumps, etc. 

India is slowly gaining its prominence in the generation of solar power due to the 

comprehensive and ambitious state and the Centre‘s solar policies and projects and 

National Solar Mission. In the latest 2014 budget, Finance Minister Jaitley declared that the 

Government has proposed an amount of 500 crore rupees to develop some mega solar 

power plants in Gujarat, Tamil Nadu, Rajasthan, and Ladakh. He also said that solar power-

driven agricultural water pumping stations and 1 MW solar parks on canal banks will be 

developed in the country at an estimated cost of $74 million and $18.5 million, 

respectively. Considering all these facts, we do have a bright picture in front of us as 

India‘s potential to be a solar power driven country of the world. 

  

 

6.4. Advantages: 

 This is an inexhaustible source of energy and the best replacement to other non-renewable 

energies in India. 

 Solar energy is environment friendly. When in use, it does not release CO2 and other gases 

which pollute the air. Hence it is very suitable for India, India being one of the most 

polluted countries of the world. 

 Solar energy can be used for variety of purposes like as heating, drying, cooking or 

electricity, which is suitable for the rural areas in India. It can also be used in cars, planes, 

large power boats, satellites, calculators and many more such items, just apt for the urban 

population. 

 Solar power is inexhaustible. In an energy deficient country like India, where power 

generation is costly, solar energy is the best alternate means of power generation.              

 You don‘t need a power or gas grid to get solar energy. A solar energy system can be 

installed anywhere.                                                                                                            
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6.5. Disadvantages: 

 We cannot generate energy during the night time with solar energy. 

 And, also during day time, the weather may be cloudy or rainy, with little or no sun 

radiation. Hence, this makes solar energy panels less reliable as a solution. 

 Only those areas that receive good amount of sunlight are suitable for producing solar 

energy. 

 Solar panels also require inverters and storage batteries to convert direct electricity to 

alternating electricity so as to generate electricity. While installing a solar panel is quite 

cheap, installing other equipments  becomes expensive. 

 The land space required to install a solar plant with solar panel is quite large and that land 

space remains occupied for many years altogether and cannot be used for other purposes. 

 Energy production is quite low compared to other forms of energy.                                     
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                                    PROJECT PROFORMA 

 

 

Classification  of Project 

 

Application Product Research Review 

    

Note: Tick Appropriate category.  

            

         

 

  

 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1   2 1 3 1 3 1 1 1 2 1 1 1 2 1 

Outcome 2 3 2 3 1 2 1 1 1 3 3 2 1 3 2 

Outcome 3 1 1 2 1 1 1 1 1 1 1 1 1 2 1 

Outcome 4 2 2 2 1 2 1 1 1 2 1 1 1 2 2 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

  on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 
  

Programme Outcomes:  

 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with                

     consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of t h e information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 



                                                                                                                                               

 
6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  

    solutions in societal and environmental contexts, and  demonstrate the knowledge of,  

    and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities   

    Norms of  engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

      engineering and management principles and apply these to one‘s own work, as a  

      member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 

 

Programme Specific Outcomes(PSO): 

 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

 

2. Analyze, design and develop control systems, industrial drives and power systems 

using modern tools. 
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ABSTRACT 

As new technologies has been introduced and utilized in modern world, there is a need to 

bring advancement in the field of agriculture also, Various Researches have been undergone 

to improve crop cultivation and have been widely used. In order to improve the crop 

productivity efficiently, it is necessary to monitor the environmental conditions in and around 

the field. The parameters that has to be properly monitored to enhance the yield are soil 

characteristics, weather conditions, moisture, temperature etc.. Internet Of Things (IOT) is 

being used real time applications. The introduction of IOT along sensor network in 

agriculture refurbish the traditional way of farming. 

                             .  We believe that our concept will be a benchmark in the agribusiness due 

to its reliability and remote monitoring. Our idea tries to digitalize farming and agricultural 

activities so that the farmers can check on the requirements of the crops and accurately 

predict their growth. This concept will surely accelerate their business to reach new heights 

and also be more profitable. The implementation of our project largely depends upon the 

awareness among farmers, which, we believe will be easily created due to its numerous 

advantages. Collectively the about the farm conditions is sent to the farmer through GSM 

technology.  
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CHAPTER-1 

INTRODUCTION 

 
1.1. INTRODUCTION TO CROP MONITORING AND SMART 

FARMING USING IOT 
 

Agriculture is considered as the basis of life for the human species as it is the main source of food 

grains and other raw materials. It plays vital role in the growth of country’s economy. It also 

provides large ample employment opportunities to the people. Growth in agricultural sector is 

necessary for the development of economic condition of the country. Unfortunately, many farmers 

still use the traditional methods of farming which results in low yielding of crops and fruits. But 

wherever automation had been implemented and human beings had been replaced by automatic 

machineries, the yield has been improved. Hence there is need to implement modern science and 

technology in the agriculture sector for increasing the yield. 

                                     Most of the papers signifies the use of wireless sensor network which 

collects the data from different types of sensors and then send it to main server using wireless 

protocol. The collected data provides the information about different environmental factors which 

in turns helps to monitor the system. Monitoring environmental factors is not enough and 

complete solution to improve the yield of the crops. There are number of other factors that affect 

the productivity to great extent. These factors include attack of insects and pests which can be 

controlled by spraying the crop with proper insecticide and pesticides. Secondly, attack of wild 

animals and birds when the crop grows up. There is also possibility of thefts when crop is at the 

stage of harvesting. 

                                        Even after harvesting, farmers also face problems in storage of harvested 

crop. So, in order to provide solutions to all such problems, it is necessary to develop integrated 

system which will take care  of all factors affecting the productivity in every stages like; 

cultivation, harvesting and post harvesting storage. This paper therefore proposes a system which 

is useful in monitoring the field data as well as controlling the field operations which provides the 

flexibility. The paper aims at making agriculture smart using automation and IOT technologies. 

                     The highlighting features of this paper is to perform tasks like weeding, 

spraying, moisture sensing, bird and animal scaring, keeping vigilance, etc. Secondly, it includes 

smart irrigation with smart control based on real time field data. Thirdly, smart warehouse 

management which includes; temperature maintenance, humidity maintenance in the warehouse. 

Controlling of all these operations will be through any smart device or computer connected to 
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Internet and the operations will be performed by interfacing sensors and Wi-Fi module with 

micro-controller 

                       We are going to construct a smart agricultural monitoring system which can collect 

crucial agricultural data and send it to an IOT platform called Things peak in real time where the 

data can be logged and analyzed. The logged data on Things peak is in graphical format, a botanist 

or a reasonably knowledge farmer can analyze the data (from anywhere in the world) to make 

sensible changes in the supplied resources (to crops) to obtain high quality yield. 

 

1.2. Existing System 

 Everything in the farm is totally dependent on humans. In order to perform operations like 

ploughing fields, spraying seeds, fertilizers we do require humans. Also in order to check the level 

of water inside the farm humans are required. This is how every activity in a farm is totally 

dependent on human beings. As now we are using motors to turn ON the bore wells or wells in 

order to send the water to the farm and later we need to turn OFF the motor after checking the 

availability of water in the farm. All these activities truly indicate that humans are essential in a 

farm. 

 

1.3. Proposed System 

                             In the field section, various sensors are deployed in the field like temperature 

sensor, moisture sensor and humidity sensor. The data collected from these sensors are sent to the 

microcontroller. In control section, the received data is verified with the threshold values. If the 

data exceeds the threshold value the buzzer is switched ON. This alarm is sent as a message to the 

farmer and the values are generated in the web page and the farmer gets the detailed description of 

the values. In manual mode, the user has to switch ON/OFF the microcontroller by pressing the 

button in the Android Application developed. This is done with the help of  WI-FI Module. In 

automatic mode, the microcontroller gets switched ON and OFF automatically if the value exceeds 

the threshold point. Soon after the microcontroller is started, automatically an alert must be sent to 

the user. This is achieved by sending a message to the web page through the WI-FI module and 

now parameters like the temperature, humidity and the moisture sensors shows the threshold 

value. The water level sensor is used just to indicate the level of water inside a tank or the water 

resource. 
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1.4. WHAT IS SMART AGRICULTURAL SYSTEM: 

Smart agriculture monitoring system or simply smart farming is an emerging technology concept 

where data from several agricultural fields ranging from small to large scale and its surrounding 

are collected using smart electronic sensors. The collected data are analyzed by experts and local 

farmers to draw short term and long term conclusion on weather pattern, soil fertility, current 

quality of crops, amount of water that will be required for next week to a month etc. 

We can take smart farming a step further by automating several parts of farming, for example 

smart irrigation and water management. We can apply predictive algorithms on microcontrollers 

or SoC to calculate the amount of water that will be required today for a particular agriculture 

field. 

Say, if there was rain yesterday and the quantity of water required today is going to be less. 

Similarly if humidity was high the evaporation of water at upper ground level is going to be less, 

so water required will be less than normal, thus reducing water usage. 

1.5. ROLE OF IOT IN SMART FARMING : 

IOT is here to reduce the manual labour involved in collecting these crucial agricultural data. If 

manual labour is involved we have to deploy several thousands of personnel to different 

agricultural sites to collect the tedious readings every single day and there will be no assurance in 

the data integrity since we are humans we may get inert and may manipulate the data which could 

push the expert conclusions in wrong direction. 

Using IoT we can directly send the collected data to a central server in real time. Since we have 

automated the date collection, the data integrity is assured and since the data processing is done 

using computers, experts may get advanced analytical software tools to draw most accurate 

predictions. 
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CHAPTER-2 

LITERATURE SURVEY 
 

  

The newer scenario of decreasing water tables, drying up of rivers and tanks, unpredictable 

environment present an urgent need of proper utilization of water. To cope up with this use of 

temperature and moisture sensor at suitable locations for monitoring of crops is implemented  An 

algorithm developed with threshold values of temperature and soil moisture can be programmed 

into a microcontroller-based gateway to control water quantity. The system can be powered by 

photovoltaic panels and can have a duplex communication link based on a cellular Internet 

interface that allows data inspection and irrigation scheduling to be programmed through a web 

page. 

 The technological development in Wireless Sensor Networks made it possible to use in 

monitoring and control of greenhouse parameter in precision agriculture. After the research in the 

agricultural field, researchers found that the yield of agriculture is decreasing day by day. 

However, use of technology in the field of agriculture plays important role in increasing the 

production as well as in reducing the extra man power efforts. Some of the research attempts are 

done for betterment of farmers which provides the systems that use technologies helpful for 

increasing the agricultural yield. 

 A remote sensing and control irrigation system using distributed wireless sensor network 

aiming for variable rate irrigation, real time in field sensing, controlling of a site specific precision 

linear move irrigation system to maximize the productivity with minimal use of water was 

developed by Y. Kim. 

 The system described details about the design and instrumentation of variable rate 

irrigation, wireless sensor network and real time in field sensing and control by using appropriate 

software. The whole system was developed using five in field sensor stations which collects the 

data and send it to the base station using global positioning system (GPS) where necessary action 

was taken for controlling irrigation according to the database available with the system. The 

system provides a promising low cost wireless solution as well as remote controlling for precision 

irrigation. 
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CHAPTER-3 

WORKING AND BLOCK DIAGRAM 

3.1. WORKING: 

 

Initially the sensors like temperature, soil moisture, humidity capture the data from the field 

and is sent to the controller. Now the controller compares the received data with that of pre-

existing data and if the values are beyond the threshold point the corresponding devices is in ON 

state. Initially temperature inside the farm is compared with that of the pre-defined value in the 

micro controller and if it is beyond the threshold point the fan gets ON. Later soil moisture inside 

the farm is compared with that of the pre-defined value in the micro controller and if it is beyond 

the threshold point the water motor gets ON. Later humidity inside the farm is compared with that 

of the pre-defined value in the micro controller and if it is beyond the threshold point the 

sprinklers gets ON and the values obtained from the sensors are sent to the thingspeak IOT web 

page through Wi-Fi module and is represented in a graphical format. After reaching the desired 

level these devices automatically turns OFF. Usually it takes 15 seconds to upload data of each 

and every sensor and this is a cyclic process. 

 

Our idea not only tries to mitigate the primitive techniques related to agriculture but also serve 

the community by opening new avenues for employment. The applications are extensive with easy 

implementation. The foremost function of our project is to monitor the crop growth using digital 

means. This will provide the accurate values of various parameters upon which the growth 

depends. Besides this, it will help the farmer to monitor more than one agricultural land at the 

same time. Since most of the monitoring is done remotely, it will help the farmer to gain 

information which is crucial for the business during his/her spare time. We plan to make it user-

friendly by involving a simple GUI along with mobile messaging. Since monitoring through our 

system requires less manpower, people with physical disabilities can be employed for the 

monitoring of fields. Overall, our project idea is feasible, which can easily be implemented and 

has a wide scope in terms of its application. 

The world population is increasing at a daunting pace. Providing the basic necessities of life for 

such a huge population is a great challenge. The most basic requirement for any human being is 

good nutrition. However, due to the increasing population, the old and traditional farming methods 

are proving insufficient for providing food in bulk quantities. Fortunately, by making use of the 

latest agricultural techniques as well as smart electronics technology we can increase efficiency 
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and productivity too far higher levels which can ensure our food security. 

For the purpose of increasing the efficiency and productivity of agricultural crops, an IOT based 

smart agriculture monitoring project using Arduino is proposed. The project consists of three 

sensors for the measurement of various parameters crucial for the crop. These sensors include a 

temperature sensor, a water level sensor, and a soil moisture sensor. The project also contains a 

GSM modem and a WiFi module. The project also includes output devices such as a dc motor, 

relays and a buzzer. 

There are three sensors present in the circuit which are used for measuring the ambient 

temperature, water level of the crop and the soil moisture level. Based on the monitoring of these 

sensor values the smart agriculture monitoring system provides air and water to the crop. The data 

from the sensors is sent to an Arduino controller which stores and processes this data and then 

sends it to the IOT platform as well as GSM module. A WiFi module is interfaced with the 

Arduino which sends the sensor values to the remote IOT platform using WiFi connection. The 

GSM modem receives the sensor values from the Arduino board and sends these values to the user 

via SMS after every 5 minutes. Some output devices are also connected to the Arduino outputs. 

These devices include DC motor, relays, and buzzer. If any of the sensor values crosses a certain 

predefined threshold then the buzzer is turned on to notify the user. One relay is connected to the 

fan while the other is connected to the water pump. If the ambient temperature is too hot then the 

fan is turned on by the controller in order to maintain the desired temperature for the crop. If the 

soil moisture level is low then the water pump is turned on by the Arduino controller to provide 

water to the crops. The crop status can be monitored remotely by means of a remote IOT platform. 

3.2.BLOCK DIAGRAM: 

 

FIG 3.1. BLOCK DIAGRAM 
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3.3.REQUIRMENTS: 
 

 ARDUINO UNO 

 ANALOG SOIL MOISTURE SENSOR 

 TEMPERATURE SENSOR 

 JUMPER WIRES MALE TO MALE,MALE TO FEMALE 

 ULTRASONIC SOUND SENSOR  

 BATTERIES 

 MOTOR,  RESISTOR 

 HUMIDITY SENSOR 

 LN393 COMPARATOR 

 16/2 LCD DISPLAY 

 7805 REGULATOR 
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CHAPTER-4 

DETAILS OF COMPONENTS 

 

4.1 ARDUINO UNO: 

 Arduino Uno is a microcontroller board based on the ATmega328P . It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz quartz 

crystal, a USB connection, a power jack, an ICSP header and a reset button. It contains everything 

needed to support the microcontroller; simply connect it to a computer with a USB cable or power 

it with a AC-to-DC adapter or battery to get started. 

 "Uno" means one in Italian and was chosen to mark the release of Arduino Software (IDE) 

1.0. The Uno board and version 1.0 of Arduino Software (IDE) were the reference versions of 

Arduino, now evolved to newer releases. The Uno board is the first in a series of USB Arduino 

boards, and the reference model for the Arduino platform; for an extensive list of current, past or 

outdated boards see the Arduino index of boards. The Uno differs from all preceding boards in 

that  it does not use the FTDI USB-to-Serial driver chip. Instead , it features the ATmega16U2 

programmed as a USB-to-serial converter. 

 Arduino boards are relatively inexpensive compared to other microcontroller platforms. 

Most microcontrollers systems are limited to Arduino. But Arduino software(IDE) runs on 

windows , Macintosh OSX , and Linux operating systems 

Thus Arduino  simplifies the process of working with the microcontrollers. 

The board has the following new features: 

 Stronger RESET circuit. 

 AT mega 16U2 replace the 8U2. 

 Pin out : added SDA and SCL pins that are nearer to AREF pin and two other new 

pins are placed near RESET pin.  
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Fig 4.1.Arduino UNO  

 

4.1.1 Micro controller 

 The Arduino UNO is based on ATmega328p microcontroller and it also has 

ATmega16U microcontroller. 

1.Atmega328p 

                    It is the bran of the Arduino and it is a high performance Atmel Pico 

power 8 bit AVR RISC based microcontroller which is capable of executing powerful 

instruction in single clock cycle. 

2.Atmega16U2 

                This microcontroller takes care of the USB connection and ICSP 

boot loader. 
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4.1.2 Technical  Specifications: 

Microcontroller  ATmega328P  

Operating Voltage  5V 

Input Voltage (limit)  6-20V 

Digital I/O Pins  14 (of which 6 provide PWM out) 

PWM Digital I/O Pins  6 

Analog Input Pins  6 

DC Current per I/O Pin 20 m A  

DC Current for 3.3V Pin 50 m A  

Flash Memory   32 KB (ATmega328P) 

EEPROM   1 KB (ATmega328P) 

Clock Speed   16 MHz 

Length    68.6 mm 

Width    53.4 mm 

Weight    25 g 

4.1.3 Power: 

 The Arduino UNO has super convenient power management and built-in voltage 

regulation. 

The Arduino can be directly powered through USB or external power supply. 

The external power supply can be given by 

 Connecting power source(7-12v DC) to DC power jack (or) 

 Connecting a battery lead to Vin and Gnd. 

 

4.1.3.1 Other Power Supply Pins 

       5V and 3.3V pins These pins can be used to provide power to sensors and 

       modules when connecting it to. 

       Arduino IOREF This pin provides voltage reference with which the 

       microcontroller operates. 

4.1.4 Memory 

 The Atmega328 has a  flash memory of 32KB. It also has 2KB of RAM and 

1KB of EEPROM. 

4.1.5 Reset 

 Bring this line LOW to reset the microcontroller. 
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4.1.6 Input And Output 

 Each of the 14 digital pins of the Arduino board can be used as input or output 

digital wire and digital read functions . They operate at 5v. 

Digital Pins  pin 0 to pin 13 

In which pin 0 and pin 1 are used to receive and transmit serial data. 

PWM  3,5,6,9,10 and 11  These 6 pins can be used as PWM (Pulse widthModulation) pins. Using 

these pins you can control the voltage in turn you can control the brightness of led , speed of the 

motor or whatever you wish to by varying the voltage. 

Analog Pins Pin A0 to A5 

The main function of these pins is reading the values from Analog sensors. 

4.1.7 Communication 

UNO has communication protocols like UART serial communication , SPI and I2C. 

UART(Universal Asynchronous  Receiver Transmitter) 

UNO has digital pin0(RX) and digital pin1(TX) for UART TTL serial communication. 

I2C(Inter Integrated Circuit) 

UNO uses A4 or SDA pin and A5 or SCL pin for I2C communication with wire library. 

 SCL is the clock signal. 

 SDA is the data signal. 

SPI(Serial Peripheral Interface) 

Pin11:(MOSI) 

Pin12:(MISO) 

Pin13:(SCK) 

 MOSI(Master Out Slave In) - The Master line for sending data to the 

 peripherals. 

 MISO(Master In Slave Out) - The Slave line for sending data to the Master. 

 SCK(Serial Clock) - The clock pulse which synchronize data transmission  
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 generated by the master. 

4.1.8 Clock 

 It has 16MHz clock on board makes it fast and speediest microcontroller. 

4.1.9 Other Features 

 A Led on board is mapped to pin13 for debugging and testing purpose.  

 A power Led to indicate power. 

 Two Led for RX and TX which blinks when the serial communication takes 

 place. 

 

4.2 SENSORS 

   4.2.1 Introduction: 

 A sensor is a device that measures a physical quantity and converts it into a signal which 

can be read by an observer or by an instrument For example, mercury in glass thermometer 

converts the measured temperature into expansion and contraction of a liquid which can be read on 

a calibrated glass tube. Thermocouple converts temperature to an output voltage which can be read 

by voltmeter for accuracy, all sensors need to be calibrated against known standards. 

 Sensors are used in everyday objects such as touch-sensitive, Elevator buttons (Tactile 

sensor) and lamps which dim or brighten by touching the base. There are also innumerable 

applications for sensors of which most people are never aware. Applications include cars, 

aerospace, machines, medicine, manufacturing and robots. A sensor is a device which receives and 

responds to a signal and stimulus. Here a term stimulus means a property or a quantity that needs 

to be converted into electrical form. Here sensor can be defined as a signal which receives a signal 

and converts into electrical which can be further used for electrical devices.  

 

4.2.2 Soil Moisture Sensor: 

 The Soil Moisture Sensor uses capacitance to measure the water content of soil (by 

measuring the dielectric permittivity of the soil, which is a function of the water content). Simply 

insert this rugged sensor into the soil to be tested, and the volumetric water content of the soil is 

reported in percent. 
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 The Soil Moisture Sensor uses capacitance to measure dielectric permittivity of the 

surrounding medium. In soil, dielectric permittivity is a function of the water content. 

The sensor creates a voltage proportional to the dielectric permittivity, and therefore the water 

content of the soil. 

 

Fig 4.2 Soil Moisture Sensor 

4.2.2.1 Features of the Soil Moisture sensor: 

1. The circuit designed uses a 5V supply, fixed resistance of 100Ω, variable resistance of 

10ΚΩ, two copper leads as the sensor probes, 2N222N transistor. 

2. It gives a voltage output corresponding to the conductivity of the soil. 

3. The conductivity of soil depends upon the amount of moisture present in it. It increases 

with increase in the water content of the soil. 

4. The voltage output is taken at the transmitter which is connected to a variable resistance. 

This variable resistance is used to adjust the sensitivity of the sensor. 
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Fig 4.3 Soil Moisture Sensor Circuit Diagram 

 

4.2.2.2 Functional Description: 

The two copper leads act as the sensor probes. They are immersed into the specimen soil 

whose moisture content is under test. The soil is examined under three conditions: 

Case#1 Dry condition- The probes are placed in the soil under dry conditions and are 

inserted up to a fair depth of the soil. As there is no conduction path between the two copper leads 

the sensor circuit remains open. The voltage output of the emitter in this case ranges from 0 to 

0.5V. 

Case#2 Optimum condition- When water is added to the soil, it percolates through the 

successive layers of it and spreads across the layers of soil due to capillary force. This water 

increases the moisture content of the soil. This leads to an increase in its conductivity which 

forms a conductive path between the two sensor probes leading to a close path for the current 

flowing from the supply to the transistor through the sensor probes. The voltage output of the 

circuit taken at the emitter of the transistor in the optimum case ranges from 1.9 to 3.4V 

approximately.  

Case#3 Excess water condition- With the increase in water content beyond the optimum level, 

the conductivity of the soil increases drastically and a steady conduction path is established 

between the two sensor leads and the voltage output from the sensor increases no further beyond 

a certain limit. The maximum possible value for it is not more than 4.2V. 

 

4.2.3 Humidity Sensor: 
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 The humidity sensor  manufactured by Honeywell is used for sensing the humidity. It 

delivers instrumentation quality RH (Relative Humidity) sensing performance in a low cost, 

solder able SIP (Single In-line Package). Relative humidity is a measure, in percentage, of the 

vapour in the air compared to the total amount of vapour that could be held in the air at a given 

temperature. 

 

Fig 4.4 Humidity Sensor 

 

4.2.3.1 Features: 

 Linear voltage output vs. %RH 

 Laser trimmed interchange ability 

 Low power design 

 High accuracy 

 Fast response time 

 Stable, low drift performance 

 Chemically resistant 

 The RH sensor is a laser trimmed, thermoset polymer capacitive sensing element with on-chip 

integrated signal conditioning. The sensing element's multilayer construction provides excellent 
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resistance to most application hazards such as wetting, dust, dirt,oils and common 

environmental chemicals. 

 

Fig 4.5 Humidity Sensor Circuit Diagram 

4.2.3.2 Functional Description 

 The sensor develops a linear voltage vs. RH output that is ratio metric to the supply 

voltage. That is, when the supply voltage varies, the sensor output voltage follows in 

the same proportion. It can operate over a 4-5.8 supply voltage range. At 5V supply 

voltage, and room temperature, the output voltage ranges from 0.8 to 3.9V as the 

humidity varies from 0% to 100% (non condensing). 

 The humidity sensor functions with a resolution of up to 0.5% of relative 

humidity(RH). 

 With a typical current draw of only 200 µA, the HIH-4000 Series is ideally suited for 

low drain, battery operated systems. 

 The change in the RH of the surroundings causes an equivalent change in the 

voltageoutput. The output is an analog voltage proportional to the supply 

voltage.Consequently, converting it to relative humidity (RH) requires that both the 

supply and sensor output voltages be taken into account according to the formula: 

 RH = ((Vout / Vsupply) – 0.16) /0.0062, typical at 25°C 

 

 This voltage is converted to the digital form by the ADC and then sent as input to the 

microcontroller which reads the data. 

 

 

4.2.4 Temperature Sensor: 

 National Semiconductor’s LM35 IC has been used for sensing the temperature. It is an 

integrated circuit sensor that can be used to measure temperature with an electrical output 
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proportional to the temperature (in 
o

C). The temperature can be measured more accurately 

with it than using a thermistor. The sensor circuitry is sealed and not subject to oxidation, etc. 

 

Fig 4.6 LM35 Temperature Sensor 

4.2.4.1 Features 

 Calibrated directly in ° Celsius (Centigrade) 

 Linear + 10.0 mV/°C scale factor 

 0.5°C accuracy guaranteed (at +25°C) 

 Rated for full −55° to +150°C range 

 Suitable for remote applications 

 Low cost due to wafer-level trimming 

 Operates from 4 to 30 volts 

 Less than 60 µA current drain 

 Low self-heating, 0.08°C in still air 

 Nonlinearity only ±1⁄4°C typical 

 

 

Fig 4.7 Temperature Sensor Circuit Diagram 
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4.2.4.2 Functional description: 

 The sensor has a sensitivity of 10mV / 
o

C. 

 The output of LM35 is amplified using a LM324 single power supply (+5V) op-amp. 

 The op-amp is designed to have a gain of 5. 

 The circuitry measures temperatures with a resolution of up to 0.5 degree Celsius. 

  The output voltage is converted to temperature by a simple conversion factor. 

 The general equation used to convert output voltage to temperature is: 

 Temperature ( 
o

C) = (Vout * 100 ) / 5 
o

C  

 So if Vout is 5V, then, Temperature = 100 
o

C 

The output voltage varies linearly with temperature 

 

4.3.WATER PUMP: 

 A pump is a device that moves fluids (liquids or gases), or sometimes slurries, by 

mechanical action. Pumps can be classified into three major groups according to the method they 

use to move the fluid: direct lift, displacement, and gravity pumps. 

 Pumps operate by some mechanism (typically reciprocating or rotary), and consume 

energy to perform mechanical work by moving the fluid. Pumps operate via many energy sources, 

including manual operation, electricity, engines, or wind power, come in many sizes, from 

microscopic for use in medical applications to large industrial pumps. 

 Mechanical pumps serve in a wide range of applications such as pumping water from 

wells, aquarium filtering, pond filtering and aeration, in the car industry for water cooling and fuel 

injection, in the energy industry for pumping oil and natural gas or for operating cooling towers. In 

the medical industry, pumps are used for biochemical processes in developing and manufacturing 

medicine, and as artificial replacements for body parts, in particular the artificial heart and penile 

prosthesis. 

The water pump can be defined as a pump which uses the principles like mechanical as well as 

hydraulic throughout a piping system and to make sufficient force for its future use. They have 

been approximately in one structure otherwise another because of early civilization. At present 

these pumps are utilized within a wide range of housing, farming, municipal, and manufacturing 

applications. 

https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Slurry
https://en.wikipedia.org/wiki/Reciprocating_motion
https://en.wikipedia.org/wiki/Rotation
https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Mechanical_work
https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Engines
https://en.wikipedia.org/wiki/Wind_power
https://en.wikipedia.org/wiki/Water_well_pump
https://en.wikipedia.org/wiki/Water_well_pump
https://en.wikipedia.org/wiki/Aquarium_filter
https://en.wikipedia.org/wiki/Pond
https://en.wikipedia.org/wiki/Aeration
https://en.wikipedia.org/wiki/Car_industry
https://en.wikipedia.org/wiki/Water_cooling
https://en.wikipedia.org/wiki/Fuel_injection
https://en.wikipedia.org/wiki/Fuel_injection
https://en.wikipedia.org/wiki/Energy_industry
https://en.wikipedia.org/wiki/Pumping_(oil_well)
https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Cooling_tower
https://en.wikipedia.org/wiki/Medical_industry
https://en.wikipedia.org/wiki/Artificial_heart
https://en.wikipedia.org/wiki/Penile_prosthesis
https://en.wikipedia.org/wiki/Penile_prosthesis
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Fig 4.8.Water Pump 

 

4.4.POWER SUPPLY: 

 The Power Supply is a Primary requirement for the project work. The required DC power 

supply for the base u nit as well as for the recharging unit is derived from the mains line. For this 

purpose centre tapped secondary of 12V-012V transformer is used. From this transformer we 

getting 5V power supply. In this +5V output is a regulated output and it is designed using 7805 

positive voltage regulator. This is a 3 Pin voltage regulator, can deliver current up to 800 

milliamps. Rectification is a process of rendering an alternating current or voltage into a 

unidirectional one. The component used for rectification is called  Rectifier. A rectifier allows its 

current to flow only during positive half cycles of the applied AC voltage. Thus, pulsating DC is 

obtained to obtain smooth DC supply 

4.4.1 Regulator (LM7805) 

 A variable regulated power supply, also called a variable bench power supply, is one 

where you can continuously adjust the output voltage to your requirements. Varying the output 

of the power supply is the recommended way to test a project after having double checked parts 

placement against circuit drawings and the parts placement guide. This type of regulation is ideal 

for having a simple variable bench power supply. Actually this is quite important because one 

of the first projects a hobbyist should undertake is the construction of a variable regulated power 

supply. While a dedicated supply is quite handy e.g. 5V or 12V, it‘s much handier to have a 

variable supply on hand, especially for testing. Most digital logic circuits and processors need a 

5 volt power supply. To use these parts we need to build a regulated 5 volt source. Usually you 

start with an unregulated power supply ranging from 9 volts to 24 volts DC (A 12 volt power 

supply is included with the Beginner Kit and the Microcontroller Beginner Kit.). To make a 5 

volt power supply, we use a LM7805 voltage regulator IC (Integrated Circuit). The IC is shown 

below. 
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Fig 4.9 Regulator (LM7805) 

4.4.2 Features 

 Output Current up to 1A 

 Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V 

 Thermal Overload Protection 

 Short Circuit Protection 

 Output Transistor Safe Operating Area Protection 

 The LM7805 is simple to use. You simply connect the positive lead of your unregulated 

DC power supply (anything from 9VDC to 24VDC) to the Input pin, connect the negative lead 

to the Common pin and then when you turn on the power, you get a 5 volt supply from the 

Output pin. 

4.5 BUZZER 

 A buzzer or beeper is an audio signalling device , which may be mechanical,  

electromechanical, or piezoelectric. Typical uses of buzzers and beepers include alarm  

devices, timers, and confirmation of user input such as a mouse click or keystroke. 

 

Fig 4.10(a) Electronic Symbol Of Buzzer 
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    Fig 4.10(b) Buzzer 

 

4.6.CAPACITOR: 

 A capacitor is a passive two-terminal electrical components that stores electrical energy in 

an electrical field. The effect of a capacitor is known as capacitance. While capacitance exists 

between any two electrical conductors of a circuit in sufficiently close proximity, a capacitor is 

specifically designed to provide and enhance this effect for a variety of practical applications by 

consideration of size, shape, and positioning of closely spaced conductors, and the intervening 

dielectric material. A capacitor was therefore historically first known as an electric condenser 

 

Fig 4.11 Capacitor 

 The physical form and construction of practical capacitors vary widely and many capacitor 

types are in common use. Most capacitors contain at least two electrical conductors often in the 

form of metallic plates or surfaces separated by a  dielectric  medium. Capacitors are widely used 

as parts of electrical circuits in many common electrical devices. Unlike a resistor, an ideal 

capacitor does not dissipate energy. 

 Capacitors are widely used in electronic circuits for blocking direct current  while allowing 

alternating current  to pass. In analog filter networks, they smooth the output of power supplies. In 

resonant circuits  they tune radios  to particular frequencies. In electric power transmission 

systems, they stabilize voltage and power flow. The property of energy storage in capacitors was 

exploited as dynamic memory in early digital computers. 
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4.7.Relay: 

 A relay is an electrically operated switch. Many relays use an electromagnet to 

mechanically operate a switch, but other operating principles are also used, such as solid-state 

relays. Relays are used where it is necessary to control a circuit by a separate low-power signal, or 

where several circuits must be controlled by one signal. The first relays were used in long distance 

telegraph circuits as amplifiers: they repeated the signal coming in from one circuit and re-

transmitted it on another circuit. Relays were used extensively in telephone exchanges and early 

computers to perform logical operations. 

 

Fig 4.12 Relay 

4.7.1 Applications: 

 Used in telephone circuits & telegraphic circuits. 

 Used in emergency lights ,battery charges. 

 Used in voltage controlers remote operated equipment. 

 

4.8.ULTRASONIC SOUND SENSOR 

An ultrasonic sensor is an electronic device that measures the distance of a target object by 

emitting ultrasonic sound waves, and converts the reflected sound into an electrical signal. 

Ultrasonic waves travel faster than the speed of audible sound (i.e. the sound that humans can 

hear). Ultrasonic sensors have two main components: the transmitter (which emits the sound using 

piezoelectric crystals) and the receiver (which encounters the sound after it has travelled to and 

from the target). 

In order to calculate the distance between the sensor and the object, the sensor measures the time it 

takes between the emission of the sound by the transmitter to its contact with the receiver. The 

formula for this calculation is D = ½ T *c (where D is the distance, T is the time, and C is the 

speed of sound ~ 343 meters/second). For example, if a scientist set up an ultrasonic sensor aimed 
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at a box and it took 0.025 seconds for the sound to bounce back, the distance between the 

ultrasonic sensor and the box would be: 

D = 0.5 x 0.025 x 343 

or about 4.2875 meters. 

 

 

Fig 4.13 Ultra Sonic Sound Sensor 

 

 Typically, a microcontroller is used for communication with an ultrasonic sensor. To begin 

measuring the distance, the microcontroller sends a trigger signal to the ultrasonic sensor. The 

duty cycle of this trigger signal is 10µS for the HC-SR04 ultrasonic sensor. When triggered, the 

ultrasonic sensor generates eight acoustic (ultrasonic) wave bursts and initiates a time counter. As 

soon as the reflected (echo) signal is received, the timer stops. The output of the ultrasonic sensor 

is a high pulse with the same duration as the time difference between transmitted ultrasonic bursts 

and the received echo signal 

. 

 

Fig4.14. Representation of trigger signal, acoustic bursts, reflected signal and output of echo pin. 

(Source: HC-SR04 User Guide) 
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The microcontroller interprets the time signal into distance using the following functions:  

 

Theoretically, the distance can be calculated using the TRD (time/rate/distance) measurement 

formula. Since the calculated distance is the distance traveled from the ultrasonic transducer to the 

object—and back to the transducer—it is a two-way trip. By dividing this distance by 2, you can 

determine the actual distance from the transducer to the object. Ultrasonic waves travel at the 

speed of sound (343 m/s at 20°C). The distance between the object and the sensor is half of the 

distance traveled by the sound wave.[iv] The following equation calculates the distance to an 

object placed in front of an ultrasonic sensor: 

 

4.8.1APPLICATIONS: 

 

Multiple areas of engineering use ultrasonic sensors. “No-contact” distance measuring is very 

useful in automation, robotics, and instrumentation. Below, we investigate the applications of 

ultrasonic sensors Weather stations commonly used anemometers since they detect wind speed 

and direction efficiently. The 2D anemometers can measure only the horizontal component of 

wind speed and direction, whereas 3D anemometers can measure the vertical component of wind, 

as well. 

Apart from measuring wind speed and direction, ultrasonic anemometers can also measure 

temperature because the speed of ultrasonic sound waves is affected by variations in temperature 

while maintaining independence from changes in pressure. Temperature is calculated by 

https://rh6stzxdcl1wf9gj1fkj14uc-wpengine.netdna-ssl.com/wp-content/uploads/2019/08/equation-set-2.png
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measuring speed variations in ultrasonic sound. 

4.8.2Limitations of ultrasonic sensors: 

 
Ultrasonic sensors such as the HC-SR04 can efficiently measure distances up to 400 cm with a 

slight tolerance of 3 mm. [xiii] However, if a target object is positioned such that the ultrasonic 

signal is deflected away rather than reflected back to the ultrasonic sensor, the calculated distance 

can be incorrect. In some cases, the target object is so small that the reflected ultrasonic signal is 

insufficient for detection, and the distance cannot be measured correctly. 

Furthermore, objects like fabric and carpet can absorb acoustic signals. If the signal is absorbed in 

the target object’s end, it cannot reflect back to the sensor, and hence, the distance cannot be 

measured. 

 
Fig4.15: Representation of ultrasonic signal deflected due to target object’s position, resulting in 

error. (Source: Macduino) 
 
 

The intense sensitivity of ultrasonic sensors makes them efficient, but that sensitivity can also 

cause problems. Ultrasonic sensors can detect false signals coming from the airwaves disturbed by 

an air conditioning system and a pulse coming from a ceiling fan, for instance. 

Ultrasonic sensors can detect objects placed within their range, but they cannot distinguish 

between different shapes and sizes. However, one can overcome this limitation can by using two 

sensors instead of just one sensor. One can install both sensors a distance away from each other, or 

they can be adjacent. By observing the overlapped shaded region, one can get a better idea of the 

shape and size of the target object. 

 

4.9. LM393 COMPARATOR: 

The IC LM393 has two internally inbuilt operational amplifiers which are internally compensated 

with frequency. These ICs are specially designed for performing their different tasks using a 

https://www.elprocus.com/operational-amplifiers/
https://rh6stzxdcl1wf9gj1fkj14uc-wpengine.netdna-ssl.com/wp-content/uploads/2019/08/fig-7.png
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single power supply. It can also execute its functions properly with split power supply. The supply 

of current-drain does not rely on the amount of the power supply. One of the most important 

features of this IC is, it includes ground in its common mode input voltage. The applications of 

this IC mainly include various fields in real life, and also industrial, ADC (analog to digital 

converters), electrical systems powered by the battery, time-delay generators limit comparators, 

etc. This article discusses an overview of LM393 IC and it working. 

The LM393 is a dual independent accuracy voltage integrated circuit operated with single or else 

split supply. These ICs comprises two independent voltage comparators to operate from an only 

power supply more than a wide variety of voltages. Working with two supplies is also achievable 

as long as the variation among the two supply voltages is 2 volts to 36 volts, & VCC is minimum 

1.5 volts extra positive than the i/p voltage. The main features of this IC mainly include the 

following. 

 Single voltage supply ranges from 2.0 Vdc toward 36 Vdc 

 Split supply range will be from +1.0 Vdc or -1.0 Vdc to +18 Vdc or -18 Vdc 

 Little Supply Voltage of Current Drain Independent is 0.4 Ma 

 The input bias current is low that is 25nA 

 Input offset current is low that is 5nA 

 Both the range of differential input as well as Power Supply Voltage are equivalent 

 The output voltage is well-suited by ECL, MOS, DTL, TTL, & CMOS Logic Levels 

 Electrostatic discharge bolts on the inputs to enhance the device roughness without 

troubling its performance. 

 

4.9.1 LM393 IC Pin Configuration 

This IC includes 8-pins and every pin of this IC has the different feature from each other. The 

eight pins of this IC are listed below. 

 Pin1 (OUTA): Output A 

 Pin2 (In A-): Inverting input A 

 Pin3 (In A+): Non-inverting input A 

 Pin4 (GND): Ground 

 Pin5 (INB+): Non-inverting input B 

 Pin6 (INB-): Inverting input B 

 Pin7 (OUTB): Output B 

 Pin8 (Vcc): Voltage Supply 

https://www.elprocus.com/types-of-uninterruptible-power-supply-devices/
https://www.elprocus.com/counter-type-adc-analog-to-digital-converter/
https://www.elprocus.com/counter-type-adc-analog-to-digital-converter/
https://www.elprocus.com/how-integrated-circuits-work-physically/
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Fig4.16.LM393 Pin configuration 

 

4.9.2LM393 IC Package & Dimensions: 

The Packages of LM393 has introduced for the different forms of a similar IC. 

 The LM 393IC package is SOIC (8), and the part number is LM393N. 

 These ICs are available in different packages with different dimensions for their easy 

separation 

 The package and dimension of LM 393 IC will be SOIC (8) and 4.9 X 3.91 

The IC LM393 includes two op-amps internally and each op-amp has two inputs as well as one 

output. These ICs works independently to provide its own output. But, this circuit uses only 

one operational amplifier and the other op-amp will not be connected. Both the op-amps are 

necessary only when we use complex circuits for monitoring numerous levels. This circuit checks 

only one level so it uses one op-amp. 

Once the power is applied to the IC, compare the voltage values. If the inverting terminal voltage 

is high than the non-inverting, then the op-amp output will be fall to the ground, and the flow of 

current will be from positive supply to GND. Similarly, if the voltage of the inverting terminal is 

low than the non-inverting, then the op-amp output will stay at the positive voltage supply (Vcc), 

and there is no flow of current because there is no potential difference across the load. 

So, when the voltage of the inverting terminal is high then the load will be turned ON. When the 

voltage of the inverting terminal is low then the load will be turned OFF. Here the LED is used as 

a load. The night light circuit using LM393 is shown below. This circuit uses a LED as a load, and 

a photoresistor is used to detect light. The resistance of the photoresistor mainly depends on the 

light hits on the surface. When the photoresistor detects the darkness, the resistance of the 

photoresistor will be high, and when the photoresistor detects the bright light, its resistance will be 

decreased. 

So if we connect a voltage divider circuit using a photoresistor as well as a fixed resistor. If it 

https://www.elprocus.com/brief-about-ic-741-operational-amplifier-infographics/
https://www.elprocus.com/op-amp-applications-in-electronics/
https://www.elprocus.com/light-emitting-diode-led-working-application/
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detects the darkness, then the photoresistor will utilize more voltage, because it has less resistance 

in dark. Similarly, if it detects to bright light, then the photoresistor will utilize less voltage. 

If the op-amps non-inverting terminal’s input is a good reference voltage, and the voltage of the 

photoresistor goes high than the reference voltage if exposed to the dark, and low than the 

reference voltage if exposed to light, we have designed a comparator circuit which acts differently 

for when there is night then there is light. So the LED will turn ON throughout darkness and OFF 

in bright light. 

Thus, this is all about LM393 IC and its application. The LM393 IC is a low-power, single supply, 

low-offset voltage, double, differential comparators. Generally, a common comparator IC is a tiny 

voltmeter by included switches. It is used to calculate the voltages at two dissimilar terminals and 

contrasts the dissimilarity in voltage quantity. If the voltage of the first terminal has a high-voltage 

than the second terminal, the switch will activate. But, if the first terminal has a low-voltage than 

the second terminal, the switch will deactivate. Here is a question for you, what are the 

applications of LM393 IC? 

ackage and dimension of LM 393 IC will be SOIC (8) and 4.9 X 3.91 

 

 

4.9.3LM393 IC Ratings: 

The ratings of LM393 IC mainly include an amount of current, voltage & required power for that 

particular IC. 

 The input voltage of this IC ranges from -0.3V to 36V 

 Differential i/p voltage is 36V 

 Lead temperature is 2600C 

 Power Dissipation is 660mW 

 Storage temperature is -65 0C/W to 150 0C/W 

 

4.10.16/2 LCD MODULE: 

Nowadays, we always use the devices which are made up of LCDs such as CD players, DVD 

players, digital watches, computers, etc. These are commonly used in the screen industries to 

replace the utilization of CRTs. Cathode Ray Tubes use huge power when compared with LCDs, 

and CRTs heavier as well as bigger. These devices are thinner as well power consumption is 

extremely less. The LCD 16×2 working principle is, it blocks the light rather than dissipate. This 

article discusses an overview of LCD 16X2, pin configuration and its working. 

https://www.elprocus.com/op-amp-comparator-circuit-working-application/
https://en.wikipedia.org/wiki/Comparator
https://www.elprocus.com/cro-cathode-ray-oscilloscope-working-and-application/
https://www.elprocus.com/ever-wondered-lcd-works/
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The term LCD stands for liquid crystal display. It is one kind of electronic display module used in 

an extensive range of applications like various circuits & devices like mobile phones, calculators, 

computers, TV sets, etc. These displays are mainly preferred for multi-segment light-emitting 

diodes and seven segments. The main benefits of using this module are inexpensive; simply 

programmable, animations, and there are no limitations for displaying custom characters, special 

and even animations, etc. 

 

 

Fig 4.17. LCD display 

4.10.1 LCD 16×2 Pin Diagram: 

The 16×2 LCD pinout is shown below. 

 Pin1 (Ground/Source Pin): This is a GND pin of display, used to connect the GND 

terminal of the microcontroller unit or power source. 

 Pin2 (VCC/Source Pin): This is the voltage supply pin of the display, used to connect the 

supply pin of the power source. 

 Pin3 (V0/VEE/Control Pin): This pin regulates the difference of the display, used to 

connect a changeable POT that can supply 0 to 5V. 

 Pin4 (Register Select/Control Pin): This pin toggles among command or data register, used 

to connect a microcontroller unit pin and obtains either 0 or 1(0 = data mode, and 1 = 

command mode). 

 Pin5 (Read/Write/Control Pin): This pin toggles the display among the read or writes 

operation, and it is connected to a microcontroller unit pin to get either 0 or 1 (0 = Write 

Operation, and 1 = Read Operation). 

 Pin 6 (Enable/Control Pin): This pin should be held high to execute Read/Write process, 

and it is connected to the microcontroller unit & constantly held high. 

 Pins 7-14 (Data Pins): These pins are used to send data to the display. These pins are 

connected in two-wire modes like 4-wire mode and 8-wire mode. In 4-wire mode, only 

four pins are connected to the microcontroller unit like 0 to 3, whereas in 8-wire mode, 8-

pins are connected to microcontroller unit like 0 to 7. 

 Pin15 (+ve pin of the LED): This pin is connected to +5V 

 Pin 16 (-ve pin of the LED): This pin is connected to GND. 

https://www.elprocus.com/difference-alphanumeric-display-and-customized-lcd/
https://www.elprocus.com/light-emitting-diode-led-working-application/
https://www.elprocus.com/light-emitting-diode-led-working-application/
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FIG 4.18.LCD-16×2-pin-diagram 

4.10.2 Features of LCD16x2 

The features of this LCD mainly include the following. 

 The operating voltage of this LCD is 4.7V-5.3V 

 It includes two rows where each row can produce 16-characters. 

 The utilization of current is 1mA with no backlight 

 Every character can be built with a 5×8 pixel box 

 The alphanumeric LCDs alphabets & numbers 

 Is display can work on two modes like 4-bit & 8-bit 

 These are obtainable in Blue & Green Backlight 

 It displays a few custom generated characters 

 

Thus, this is all about LCD 16×2 datasheet, which includes what is a 16X2 LCD, pin 

configuration, working principle, and its applications. The main advantages of this LCD device 

include power consumption is less and low cost. The main disadvantages of this LCD device 

include it occupies a large area, slow devices and also lifespan of these devices will be reduced 

due to direct current. So these LCDs use AC supply with less than 500Hz frequency. 
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CHAPTER 5 

SOFTWARE IMPLEMENTATION 

 

5.1 ARDUINO IDE 

 The ARDUINO Integrated Development Environment - or ARDUINO Software (IDE) - 

contains a text editor for writing code, a message area, a text console, a toolbar with buttons for 

common functions and a series of menus. It connects to the ARDUINO and GENUINO hardware 

to upload programs and communicate with them.  

5.1.1 Uploading's 

 Before uploading your sketch, you need to select the correct items from the Tools > Board 

and Tools > Port menus. The boards are described below. On the Mac, the serial port is probably 

something like /dev/tty.usbmodem241 (for a Uno or Mega2560 or Leonardo) or /dev/tty.usbserial-

1B1 (for a DuemilanoveorearlierUSBboard),or /dev/tty.USA19QW1b1P1.1 (for a serial board 

connected with a Key span USB-to-Serial adapter). On Windows, it's probably COM1 or COM2 

(for a serial board) or COM4, COM5, COM7, or higher (for a USB board) - to find out, you look 

for USB serial device in the ports section of the Windows Device Manager. On Linux, it should be 

/dev/tty ACMx, /dev/tty USBx or similar. Once you've selected the correct serial port and board, 

press the upload button in the toolbar or select the Upload item from the File menu. Current 

ARDUINO boards will reset automatically and begin the upload. With older boards (pre-Decimal) 

that lack auto-reset, you'll need to press the reset button on the board just before starting the 

upload. On most boards, you'll see the RX and TX LEDs blink as the sketch is uploaded. The 

ARDUINO Software (IDE) will display a message when the upload is complete, or show an error. 

 When you upload a sketch, you're using the ARDUINO boot-loader, a small program that 

has been loaded on to the microcontroller on your board. It allows you to upload code without 

using any additional hardware. The boot-loader is active for a few seconds when the board resets; 

then it starts whichever sketch was most recently uploaded to the microcontroller. The boot-loader 

will blink the on-board (pin 13) LED when it starts (i.e. when the board resets). 

5.1.2.Libraries 

 Libraries provide extra functionality for use in sketches, e.g. working with hardware or 

manipulating data. To use a library in a sketch, select it from the Sketch > Import Library menu. 

This will insert one or more #include statements at the top of the sketch and compile the library 

with your sketch. Because libraries are uploaded to the board with your sketch, they increase the 
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amount of space it takes up. If a sketch no longer needs a library, simply delete its #include 

statements from the top of your code. 

 There is a list of libraries in the reference. Some libraries are included with the Arduino 

software. Others can be downloaded from a variety of sources or through the Library Manager. 

Starting with version 1.0.5 of the IDE, you do can import a library from a zip file and use it in an 

open sketch. See these instructions for installing a third-party library 

5.2 PROTEUS 

   5.2.1 Introduction 

 Proteus is a high-performance simulator for MIMD multiprocessors. It is fast, accurate, 

and flexible: it is one to two orders of magnitude faster than comparable simulators, it can 

reproduce results from real multiprocessors, and it is easily configured to simulate a wide range of 

architectures. Proteus provides a modular structure that simplifies customization and independent 

replacement of parts of architecture. There are typically multiple implementations of each module 

that provide different combinations of accuracy and performance; users pay for accuracy only 

when and where they need it.  

Finally, Proteus provides repeatability, nonintrusive monitoring and debugging, and integrated 

graphical output, which result in a development environment superior to those available on real 

multiprocessors. 

5.2.2 Overview 

 Proteus is not actually a simulator; rather, it is an simulation engine that combines with 

architecture-specific modules and user applications to create a simulator. The resulting executable 

provides high-performance simulation of the user's application on the target architecture. This 

section presents a brief overview of Proteus, including the basic multiprocessor model, the 

programming language, and the steps involved in building and using PROTEUS simulator. 

 Proteus simulates MIMD multiprocessors in which independent processor nodes are 

connected via an interconnection medium. The interconnection medium can be either a bus, a 

direct network such as a k-ary n-cube, or an indirect network such as a buttery. Each processor 

node consists of a processor, a network chip, a cache chip, and memory. Conceptually, the 

processor is a generic sequential processor extended with instructions for network access and 

cache coherence. The network chip interfaces the processor with the interconnection medium. The 

cache chip, which is optional, handles cache coherence and works with the network chip for 

remote memory accesses. 

https://www.arduino.cc/en/Reference/Libraries
https://www.arduino.cc/en/Guide/Libraries
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5.2.3 Direct Execution 

 A primary factor in the performance of Proteus is the use of direct execution to provide 

very low-overhead simulation of most instructions. The key idea is to execute local instructions 

directly and augment the code with cycle-counting instructions to time the code. This section 

presents an overview of direct execution with augmentation and discusses the flexibility it 

provides and the assumptions it requires. 

 PROTEUS directly executes local instructions. An instruction is local if it only affects the 

local processor. For example, all register-to-register instructions are local instructions. An 

instruction that might affect another part of the system is a non-local instruction. All shared-

memory accesses and network instructions are non-local. Proteus simulates local instructions by 

directly executing the instruction on the host workstation; non-local instructions are simulated via 

a procedure call. 

 Although direct execution provides the correct functionality of local instructions, it ignores 

the simulated time required to execute them. Proteus uses code augmentation to count the cycles 

required by local instructions. For each basic block of local instructions, code is added to 

increment a global cycle counter by the number of cycles required to execute that block. Because 

the counter is incremented every time a block executes, the counter correctly tracks the required 

cycles for any path through the control-flow graph. 

5.2.4 Monitoring And Debugging 

 In addition to performance, a primary asset of Proteus is its support for monitoring and 

debugging. PROTEUS provides nonintrusive monitoring and debugging: users can add monitoring 

code that does not an etc. the behaviour or timing of the simulation. Proteus also provides 

repeatability: users can return simulations to pinpoint bugs. Real multiprocessors generally 

provide neither of these abilities. 

 Because Proteus runs as a single process, it works well with sequential debuggers such as 

dbx [Lin90]. This extends the power of advanced sequential debuggers to the parallel development 

arena. Further-more, Proteus provides an internal debugging mode that allows users to examine 

the states of threads, processors, locks, and memory. Combining the Proteus debugger with a 

sequential debugger such as dbx results in a very effective development environment. 

 Proteus also provides an integrated subsystem for data collection and display. Data 

collection is supported by primitives for recording data to a trace file and by user-defined data 

types. Data display is performed by an X-based graph program that uses a simple but powerful 
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graph language to interpret the trace data. This section examines Proteus' support for nonintrusive 

monitoring and discusses repeatability and non-determinism. 

5.2.5 Performance 

 Proteus substantially outperforms comparable multiprocessor simulators. By providing one 

to two orders of magnitude improvement in performance, Proteus allows researchers to investigate 

applications and machine sizes prohibited by the performance of other simulators.  

5.2.6 Validation 

 This section compares Proteus' results with published results from a real multiprocessor. If 

the simulator produces valid data, then its results should match those of the real multiprocessor. 

We have used published results to validate Proteus several times; here we reproduce results from a 

comparison of sorting algorithms on an nCUBE multiprocessor. 

 

5.3.THINGSPEAK 

   5.3.1 Introduction 

 The Internet of Things (IoT)  is a system of ‘connected things’. The things generally 

comprise of an embedded operating system and an ability to  communicate with the internet or 

with the neigh boring things. One of the key elements of a generic IoT system that bridges the 

various ‘things’ is an IoT service. An interesting implication from the ‘things’ comprising the 

IoT systems is that the things by themselves cannot do anything.  

 

 At a bare minimum, they should have an ability to connect to other ‘things’. But the 

real power of IoT is harnessed when the things connect to a ‘service’ either directly or via 

other ‘things’. In such systems, the service plays the role of an invisible manager  by providing 

capabilities ranging from simple data collection and monitoring to complex data analy tics. 
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The below diagram illustrates where an IoT service fits in an IoT ecosystem. One such IoT 

application platform that offers a wide variety of analysis, monitoring and counter ‐action 

capabilities is ‘ThingSpeak’. Let us consider ThingSpeak in detail.  

 

What is Thingspeak? 

 ThingSpeak is a platform providing various services exclusively targeted for building 

IoT applications. It offers the capabilities of real‐time data collection, visualizing the 

collected data in the form of charts, ability to create plug-in and apps for collaborating with 

web services, social network and other APIs.  

The core element of ThingSpeak is a ‘ThingSpeak Channel’. A channel stores the data that 

we send to ThingSpeak and comprises of the below elements:  

 8 fields for storing data of any type ‐ These can be used to store the data from a sensor or 

from an embedded device. 

 3 location fields ‐ Can be used to store the latitude, longitude and the elevation. These are 

very useful for tracking a moving device. 1 status field ‐ A short message to describe the 

data stored in the channel. To use ThingSpeak, we need to sign up and create a channel. 

Once we have a channel, we can send the data, allow ThingSpeak to process it and also 

retrieve the same. 

 

You can change the name to fit your need and you can add a description corresponding to the 

channel. You can add any other useful description into the metadata field. In the same page, 

you should see the fields for Latitude, Longitude and Elevation. Also, when you scroll down 

you should see a check box that says ‘Make Public?’. Let us consider the significance of the 

various fields and the tabs: 

 Latitude, longitude and elevation ‐ These fields correspond to the location of a ‘thing’ and 

are especially significant for moving things.  

 Make Public? ‐ If the channel is made public, anyone can view the channel's data 

feed and the corresponding charts. If this check box is not checked, the channel is 

private, which means for every read or write operation, the user has to pass a 

corresponding API key. 

 URL ‐ This can be the URL of your blog or website and if specified, will appear on the 
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public view of the channel. 

 Video ID ‐ This is the ID corresponding to your YouTube or Vimeo ID. If specified, 

the video appears on the public view of the channel.  

 Fields 1 to 8 ‐ These are the fields which correspond to the data sent by a sensor or a 

‘thing’. A field has to be added before it can be used to store data. By default, Field 1 is 

added. In case you try posting to fields that you have not added, your requ est will still be 

successful, but you will not be able to see the field in the charts and the corresponding 

data. 

 The Private View shows a chart corresponding to each of the fields that we have added. 

Now click on the ‘Public View’ tab. This should look exactly similar to the what we see in 

the ‘Private View’ tab since our channel is public. In case your channel is not 

public﴾'make public' check box not checked in the ‘channel settings’ tab﴿, the public view 

tab shows a message that ‘This channel is not public’. 

  Now click on the ‘API Keys’ tab. You should see a screen similar to the below. The 

write API key is used for sending data to the channel and the read API key ﴾s﴿ is used to 

read the channel data. When we create a channel, by default, a write API key is generated. 

We generate read API keys by clicking the ‘Generate New Read API Key’ button under 

this tab. You can also add a note corresponding to each of the read API keys.  

 5.3.2 Conclusion 

One of the key elements of an IoT system is an IoT service. ThingSpeak is one such 

application platform offering a wide variety of features. At the heart of ThingSpeak is a 

channel which can be used for storing and processing data collected from the 'things’. 

ThingSpeak also provides various apps for integration with web services, other APIs and 

social networks and provides the capability to create the applications as plug-in. It is a real 

platform with extensive possibilities to explore the integration of the Internet of Things  
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CHAPTER 6 

RESULT ANALYSIS 

Step 1 This is the Hardware Equipment of the project. First we intialize the kit by using a toggle 

switch. 

 

step 2 Initially we have to sign up in thingspeak iot web page by using an email id and later we 

have to create channel on it based upon our project title.  

 

Step 3 This is an IOT ThingSpeak web page. we have to login the thingspeak by using an email 

address and we can connect to the Aurdino which is present in the equipment through WI-FI 

module. 



38    

 

Step 4 After successfully log in to the Thingspeak. Now you can observe your channel name IOT 

BASED SMART AGRICULTURE SYSTEM which you had created before. 

  

 

Step 5 We can observe the temperature, soil moisture and humidity levels in the field which can be 

useful for the growth of the plant. This is observed in the thingspeak website as the observed data 

is loaded into the database of the thingspeak by using Wi-Fi module which is connected to the 

Arduino. 

Here in this the sensors outputs are observed in graphical representation 
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CHJAPTER-7 

SUMMARY  

7.1 APPLICATIONS 

7.1.1 Livestock Monitoring 

Livestock monitoring is all about animal husbandry and cost savings. Ranchers are able to use 

wireless IoT applications to gather data regarding the health, well-being, and location of their 

cattle. This information saves them money in two ways: 

1. This data helps identify sick animals so they can be pulled from the herd, thus preventing a 

larger number of sick cattle. 

2. Ranchers who know where their cattle are located can lower labour costs. 

 There are some specific challenges when instrumenting livestock with sensors. 

Specifically, it’s quite difficult to outfit cattle with a collar. An alternate option is to use a wireless 

retrofitted bolus in the cow’s stomach, which can communicate via Bluetooth to an ear tag.  

7.1.2 Conservation Monitoring 

While it doesn’t strictly fall under the heading of “agriculture,” monitoring for endangered rhinos 

is one of the most interesting animal IoT use cases out there. Knowing where rhinos in large game 

facilities are located can help conservationists protect them and keep poachers from killing the 

rhinos for their horn. 

 As one may imagine, collaring a rhino isn’t easy and we’ve found it isn’t often successful. 

The collars get ripped off from fighting, and they’ve been known to cause behavioural changes in 

the rhinos. To solve for this, we are currently examining the idea of a putting Symphony Link 

devices inside a rhinoceros’s horn. 

7.1.3 Plant & soil monitoring 

Monitoring plant and soil conditions is a simple use case but it can lead to a fantastic return on 

investment for farmers utilizing sensing technology. We’ve seen three great general uses for 

agriculture IoT in this space: 

1. Sensing for soil moisture and nutrients. 

2. Controlling water usage for optimal plant growth. 

7.2 ADVANTAGES 
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 Reducing the risk of electric shocks, deaths due to poisonous creatures in the fields.  

 Watering depends on the moisture level present in the field. 

 All the farm parameters can view through online in graphical notation. 

 Efficient and low cost design. 

 Fast response. 

 User friendly. 

7.3 CONCLUSION 

 The main advantage is that the system’s action can be changed according to the situation 

(crops, weather conditions, soil etc). By implementing this agricultural, horticultural lands, parks, 

gardens, golf courses can be irrigated and this is cheaper and efficient when compared to other 

type of automation system. In large scale applications, high sensitivity sensors can be 

implemented for large areas of agricultural lands. Also with this kind of implementation we can be 

able to reduce the soil erosion and wastage of water. 

7.4 FUTURE SCOPE 

 By using remote control humanoid with GPS system here it will be much useful for 

farmers where they can perform different tasks like plucking weeds and also for spraying pest 

controllers. 

 It can also be used to protect the field from bird and animal scaring by keeping vigilance 

etc.  

 For the fore coming days, we have an idea to monitor the water level with flow level and 

can be displayed in the Web Portal and intimate in Twitter. 
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                                    CHAPTER-8 

                                    APPENDIX 

8.1 SOURCE CODE 

// LM35 analog input 

int lm35Pin = A0; 

#include <SoftwareSerial.h> 

#include <stdlib.h> 

String field1="&field1="; 

String field2="&field2="; 

String field3="&field3="; 

int cfan = 2;//cooling fan 

int wmoter = 3;//water motor 

int sprinklar = 4;//sprinklar 

int bzr = 13; 

// replace with your channel's thingspeak API key 

String apiKey = "D7AUIQM2BK09GFTH";//usharama srikanth project  

SoftwareSerial ser(7, 8); // RX, TX 

// this runs once 

void setup() { 

// initialize the digital pin as an output. 

pinMode(bzr, OUTPUT); 

pinMode(wmoter, OUTPUT); 

pinMode(cfan, OUTPUT); 

pinMode(sprinklar, OUTPUT); 

digitalWrite(wmoter,0); 

digitalWrite(cfan,0); 

digitalWrite(sprinklar,0); 

// enable debug serial 

Serial.begin(9600); 

// enable software serial 

ser.begin(9600); 

digitalWrite(bzr,HIGH); 

delay(500); 
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digitalWrite(bzr,LOW); 

delay(500); 

digitalWrite(bzr,HIGH); 

delay(500); 

digitalWrite(bzr,LOW); 

delay(500); 

digitalWrite(bzr,HIGH); 

delay(500); 

digitalWrite(bzr,LOW); 

delay(500); 

// reset ESP8266 

ser.println("AT+RST"); 

} 

// the loop 

void loop() { 

int val= 0; 

int HUM=analogRead(A1); 

delay(500); 

int HUM1=map(HUM,0,1023,20,255); 

int soil=analogRead(A2); 

delay(500); 

int soil1=map(soil,0,1023,255,0); 

for(int i = 0; i < 10; i++) { 

val += analogRead(lm35Pin); 

delay(500); 

} 

float temp = val*50.0f/1023.0f; 

if((temp>=35)||(soil1>=150) ||(HUM1>=40)) 

{ 

if(temp>=35) 

{ 

digitalWrite(bzr,1); 

digitalWrite(cfan,1); 

delay(1000); 
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digitalWrite(bzr,0); 

} 

if(soil1>=150) 

{ 

digitalWrite(bzr,1); 

digitalWrite(wmoter,1); 

delay(1000); 

digitalWrite(bzr,0); 

} 

if(HUM1>=40) 

{ 

digitalWrite(bzr,1); 

digitalWrite(sprinklar,1); 

delay(1000); 

digitalWrite(bzr,0); 

}} 

else 

{ 

digitalWrite(bzr,0); 

digitalWrite(cfan,0); 

digitalWrite(sprinklar,0); 

digitalWrite(wmoter,0); 

delay(1000); 

} 

char buf[16]; 

char buf1[16]; 

char buf2[16]; 

String strTemp = dtostrf(temp, 4, 1, buf); 

String strHUM = dtostrf(HUM1, 4, 1, buf1); 

String strSoil=dtostrf(soil1,4,1,buf2); 

Serial.println(strTemp); 

Serial.println(strHUM); 

Serial.println(strSoil); 

uploaddata(strTemp,field1); 
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uploaddata(strSoil,field2); 

uploaddata(strHUM,field3); 

} 

void uploaddata(String value,String field) 

{ 

// TCP connection 

String cmd = "AT+CIPSTART=\"TCP\",\""; 

cmd += "184.106.153.149"; // api.thingspeak.com 

cmd += "\",80"; 

ser.println(cmd); 

if(ser.find("Error")){ 

Serial.println("AT+CIPSTART error"); 

return; 

} 

// prepare GET string 

String getStr = "GET /update?api_key="; 

getStr += apiKey; 

getStr +=field; 

getStr += String(value);//three lines related to field 1 

getStr += "\r\n\r\n"; 

// send data length 

cmd = "AT+CIPSEND="; 

cmd += String(getStr.length()); 

ser.println(cmd); 

if(ser.find(">")){ 

ser.print(getStr); 

} 

else{ 

ser.println("AT+CIPCLOSE"); 

// alert user 

Serial.println("AT+CIPCLOSE"); 

} 

delay(15000); 

} 
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ABSTRACT 

 
The aim of developing this project is to control the speed of DC motor. The main advantage in 

using a DC motor is that the Speed-Torque relationship can be varied to almost  any useful form. 

To achieve the speed control an electronic technique called Pulse Width Modulation is used which 

generates High and Low pulses. These pulses vary the speed in the motor. For the generation of 

these pulses a microcontroller is used. As a microcontroller is used setting the speed ranges as per 

the requirement is easy which is done by changing the duty cycles time period in the program. This 

project is practical and highly feasible in economic point of view, and has an advantage of running 

motors of higher ratings. This project gives a reliable, durable, accurate and efficient way of speed 

control of a DC. 

 
It is important to control the speed of DC motor in many applications, where precision and 

protection are essential. We can achieve speed control of DC motor using mechanical or electrical 

techniques but they require large size hardware to implement but a Microcontroller based system 

provides an easy way to control the speed of DC motor. 
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CHAPTER-1 

INTRODUCTION 

 
1.1 INTRODUCTION TO SPEED CONTROL OF DC MOTOR 

 
We are in the age of that world where energy plays a very important role. Since we have abundant 

sources of energy but we can’t use them directly due to some economical and geographical 

problem. So it is necessary to convert available energy to fulfill our requirements. DC Motors 

plays an important role in energy conversion process. It is a machine which converts electrical 

energy into mechanical energy. In mechanical system, speed varies with number of task so speed 

control is necessary to do mechanical work in a proper way. It makes motor to operate easily. 

Shunt motor is a special type of DC motor which runs at a constant speed. But using field and 

armature rheostat control method we can make it more versatile. Field rheostat provides above 

normal speed and armature rheostat provides wide range of below normal speed. So applying both 

methods simultaneously, we can obtain wide range of speed for different applications. The main 

problem of this method is bulky rheostat is required across the armature so a large amount of 

power is wasted in the controlling resistance and poor speed regulation results for the lower speed. 

So we are limited for lower speed. But for industrial application it is more suitable, economic and 

energy efficient. We can use such motor in lathes, centrifugal pumps, machine tools and modern 

electric drives. This method of speed control is independent of load on the motor and permits 

remote control of speed. 

DC motors consist of rotor-mounted windings (armature) and stationary windings (field poles). In 

all DC motors, except permanent magnet brushless motors, current Anurag Dwivedi 78 must be 

conducted to the armature windings by passing current through carbon brushes that slide over a set 

of copper surfaces called a commutator, which is mounted on the rotor. The commutator bars are 

soldered to armature coils. The brush/commutator combination makes a sliding switch that 

energizes particular portions of the armature, based on the position of the rotor. This process 

creates north and south magnetic poles on the rotor that are attracted to or repelled by north and 

south poles on the stator, which are formed by passing direct current through the field windings. 

It's this magnetic attraction and repulsion that causes the rotor to rotate. The dynamic behavior of 

the DC machine is mainly determined by the type of the connection between the excitation 

winding and the armature winding including the commutation and compensation winding. The 
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greatest advantage of DC motors may be speed control. Since speed is directly proportional to 

armature voltage and inversely proportional to the magnetic flux produced by the poles, adjusting 

the armature voltage or the field current will change the rotor speed. Speed control means change 

of a speed to a value required for performing the specific work process. This adjustment should  

not be taken to include the natural change in speed which occurs due to change in the load on the 

drive shaft. The electrical speed control has many economical as well as engineering advantages 

over mechanical speed control. There are so many methods for controlling the speed of a DC  

shunt motor but field rheostat control method is most reliable, economic and independent of load 

on the motor. This method is only applicable when we want speed which is higher than the normal 

speed of the motor. In this method, an increase in controlling resistance reduces the field current 

with a consequent reduction in flux and an increase in speed. But if we want to obtain low speed to 

control the low speed mechanical drive, we use armature rheostat control method. In this method, 

the speed at full load can be reduced to any desired value depending on the amount of resistance. 

But if we use both techniques in same machine then we can control motor from zero speed to 

maximum. In field control the adjustment can be obtained by means of a small rheostat and 

relatively good speed regulation is obtained for all speed but with the armature control a bulky 

resistance is required. So if we use both methods simultaneously, cost of the machine will increase 

a little but we will get a large range of speed control. To neutralize the effect of power loss heat 

sink can be used. So by this method we can control the speed of a DC shunt motor to perform 

various tasks in effective and economic way. 

 

Rapid progress in microelectronics and microcontrollers in recent years has made it possible to 

apply modern control technology to control efficient and reliable operation of many applications 

such as the engine, anti-lock braking system (ABS), cruise, steering, and vehicle traction [1]. 

Many of these operations including DC motor and therefore there is a need for implementing 

effective control strategies with digital control of these motors. The speed of DC motor is directly 

proportional to armature voltage and inversely proportional to field flux [2] and adjustable speed 

drives can be operated over a wide range by controlling armature or field excitation. Development 

of various solid state switching devices such as diode, transistor and thyristor along with various 

analog/digital chips used in firing/controlling circuits, have made dc drives more handy for control 

in numerous areas of applications [3]. For DC motor speed control, closed-loop PWM technique is 

widely used and well known [4]. In this technique, the regulation of motor’s speed is realized by 

changing the voltage of motor which is adjusted by the duty ratio of PWM. In order to improve the 

performance of motor’s speed regulation and to reduce the steady-state error of the rotational 
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speed of motor, a high- performance microcontroller can be used [5]-[6]. In this work, a 

PIC16F877A microcontroller is used for implementation. The great advances of microcontroller 

based control system are due to microcontroller flexibility and versatility. This is because all the 

control algorithms can be implemented in the software [7]. It causes the PWM voltage control  

with high accuracy. PWM signal is generated by inner timer of microcontroller. In the process of 

varying the pulse by controlling the switching of the input voltage for the off and on duration, a 

time dependent varying output voltage can be achieved and the speed can be controlled at a 

desired value accordingly. The paper is organized as follow. In section 2, the block representation 

of the control mechanism of motor is discussed. Section 3 depicts with the DC motor model and 

speed equation. In section 4, the PWM generation mode to control the speed of DC motor is 

discussed. This section also details PWM period and PWM duty cycle at various speed conditions 

of motor. In section 5, the motor driving circuit is discussed. Section 6 details the control 

algorithm development for the motor while section 7 shows the test results observed. Lastly, 

section 8 points out the conclusion inferred from the work. 
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1.2 PWM GENERATION TECHNIQUE 

In this work, each PWM (CCP) module in microcontroller contains a 16 bit register which can 

operate as 16 bit capture register, 16 bit compare register, or PWM master/slave duty cycle 

register. In CCP1 module, PWM Register 1 (CCPR1) is comprised of two 8-bit registers: CCPR1L 

(low byte) and CCPR1H (high byte) [9]. The CCP1CON register controls the operation of CCP1. 

The special event trigger is generated by a compare match and will reset Timer1. In CCP2 module, 

PWM Register 2 (CCPR2) is comprised of two 8-bit registers: CCPR2L (low byte) and CCPR2H 

(high byte). The CCP2CON register controls the operation of CCP2 [9]. The special event trigger 

is generated by a compare match and will reset Timer1 and start an A/D conversion (if the A/D 

module is enabled). 4.1 PWM Mode In Pulse Width Modulation mode, the CCPx pin produces up 

to a 10-bit resolution PWM output. Since the CCP1 pin is multiplexed with the PORTC data latch, 

the TRISC bit must be cleared to make the CCP1 pin an output. Clearing the CCP1CON register 

will force the CCP1 PWM output latch to the default low level. This is not the PORTC I/O data 

latch [9]. The following figure (Figure 3) shows the simplified block diagram of CCP module in 

PWM mode: Fig 3: Block diagram of PWM generation [9] A PWM output, shown in the  

following figure (Figure 4) has a time base (period) and a time that the output stays high (duty 

cycle). The frequency of the PWM is the inverse of the period (1/period). Fig 4: PWM output The 

PWM period is specified by writing to the PR2 register and is calculated using the following 

formula [9]: PWM Period = [(PR2) + 1] × 4 × TOSC × (TMR2  Prescale Value) ....................... (2) 

4.2 PWM Duty Cycle The PWM duty cycle is specified by writing to the CCPR1L register and to 

the CCP1CON bits. In this case up to 10- bit resolution is available. The CCPR1L contains the 

eight MSBs (Most Significant Bits) and the CCP1CON contains the two LSBs (Least Significant 

Bits). This 10- bit value is represented by CCPR1L:CCP1CON. The following equation can be 

used to calculate the PWM duty cycle in time 

PWM Duty Cycle = (CCPR1L:CCP1CON) × TOSC × TMR2 Prescale Value)........................ (3) 

CCPR1L and CCP1CON can be written at anytime, but the duty cycle value is not latched into 

CCPR1H until after a match between PR2 and TMR2 occurs (i.e., the period is complete). In 

PWM mode, CCPR1H is a read-only register. The CCPR1H register and a 2-bit internal latch are 

used to double-buffer the PWM duty cycle. This double-buffering is essential for glitch-free PWM 

operation. When the CCPR1H and 2-bit latch match, concatenates with an internal 2-bit Q clock  

or 2 bits of the TMR2 prescaler, the CCP1 pin is cleared. 

𝑅𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = log( 𝐹𝑜𝑠𝑐𝐹𝑝𝑤𝑚 )/ log(2) 
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If PWM duty cycle value is longer than the PWM period, the CCP1 pin will not be cleared. 4.3 

Setup for PWM Operation The following steps should be taken when configuring CCP module for 

the PWM operation: 

Step 1: Set the PWM period by writing to the PR2 register. 

Step 2: Set the PWM duty cycle by writing to the CCPR1L register and CCP1CON bits. 

Step 3: Make the CCP1 pin an output by clearing the TRISC bit. 

Step 4: Set the TMR2 prescale value and enable Timer2 by writing to T2CON. 

Step 5: Configure the CCP1 module for PWM operation. 

5. MOTOR DRIVING CIRCUIT 

In motor driving circuit there should be a switching element. In this work MOSFET is used as a 

switching element. The output of the switching element is connected to the energy bank which 

consists of inductor and capacitor. The values of inductor and capacitor used in the energy bank 

are calculated as follows: 

L= (V1 -V0 ) × ton/ΔIL ...................................... (5) 

Where, ton = on time = (1/f) × d; d = duty cycle 

C = ΔIL/ (8×f×ΔV0 ) ...................................... (6) 

The circuit diagram of driving circuit is given below (Figure 5): Fig 5: Motor Driving Circuit The 

output of the energy bank circuit is connected to the input of the motor. One important factor is the 

load current requirement of the motor. Thus the current amplification procedure is important even 

though the digital value of the motor voltage can be derived from the output port. Transistors or 

integrated circuit (IC) chips can carry out the amplification procedure. In this implementation 

MOSFET IRS 540 is used as a driver of the energy bank. According to watt rating its current 

capabilities vary but this device can carry maximum 49 ampere current. 6. CONTROL 

ALGORITHM The 16F877A microcontroller (MCU) can control the speed of DC motor 

accurately with minimum hardware at low cost [10]. 

In this experiment, the speed of the motor is observed at different load conditions and duty cycles. 

The duty cycle is set at 50% of the rated voltage (Figure 7) and the speed is measured. Then load  

is varied to observe the effect on motor speed. The closed loop system is able to maintain the 

desired speed at various loads. It is observed when load is decreased; the speed of the motor tends 

to increase so according to algorithm the controller decrease the PWM duty cycle to maintain the 

desired speed (Figure 8) and vice-versa (Figure 9). Fig 7: PWM set at 50% duty cycle Run PWM 

at 50 HZ and 50% duty cycle Read ADC Is output set at target level? maximum level Below 

Decrease PWM duty cycle Increase PWM duty cycle Is duty cycle 
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CHAPTER-2 

LITERATURE SURVEY 

From the literature survey it has been found that speed control of a dc motor can be 

controlled by: 

 

2.1 FLUX CONTROL: 

 Magnetic field depends upon current flowing through the field windingB α I

 And flux varies with field currentф α I

 Current can be varied by introducing a series resistance with field winding 

I α 1/R

Speed (N) α 1/ ф 
 

 

Fig.2.1 circuit diagram of flux control method. 

 
 

Demerit: Only speed above base speed can be controlled. 

 
 

2.2 ARMATURE VOLTAGE CONTROL: 

 
 Insert a variable resistor (R) in series with the armature.

 When resistance (R) is gradually increased, the voltage across the armature decreases.

 Speed of DC motor is proportional to voltage drop across the armature

N α V 

(N=K(V-IaRa)/ф) 
 

Hence, the Speed of a DC motor also decreases. 
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Fig.2.2 circuit diagram of armature control method. 

Demerit: Huge power loss due to extra resistance. 

 

2.3 SUPPLY VOLTAGE CONTROL: 

2.3.1 Pulse Width Modulation (PWM) 

 Both the above mentioned methods cannot provide speed control in the desirable range. 

 Whereas the armature control method involves huge power loss due to its usage of resistor 

in series with the armature. 

 Therefore, a different method is often desirable  – the one that controls the supply voltage 

to control the motor speed is PWM. 

Merit: Effective speed control in desired range. 

 This is an effective method to control the o/p voltage with constant frequency. 

 This is a modulation of pulses by varying the duty cycle. 
 

 
 

Fig.2.3 waveform of PWM 

 
 

 Duty cycle (α) is a ratio of Ton /(Ton +Toff ). 

 The width of pulses (T) determines the amount of avg. voltage applied to motor terminals. 

Height of pulse gives Average voltage. 
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2.4 PWM generation: 

There are two ways to generate pulse width modulation with variable duty cycle 

 Using analog electronics

(operational amplifier, comparator and saw tooth generator) 

 Using digital electronics 

(microprocessor and dedicated PWM controller)

 
 

Fig.2.4 practical circuit of PWM 

 

 

 
2.5 Speed Control by PWM: 

 Pulse Width Modulation (PWM) is a method for binary signals generation

 It has 2 signal periods (high and low).

 The width (W) of each pulse varies between 0 and the period (T).

 The main principle is control of power by varying the duty cycle.

 The average voltage at output is given by

Va = α Vmax 

Where, α= Ton /(Ton +TOff ) 

TON =Time period for Pulse ON,TOFF =Time period for Pulse OFF 
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2.6 Benefit of Pulse Width Modulation (PWM): 

 
 Power efficiency : The power efficiency is very high 

 Speed control behaviour : A precise speed control is achieved 

 Control circuit: Since it uses electronic components it is compact 

 Harmonics: It reduces the harmonics of output 

 

2.7 Comparison of flux control, armature control & pulse width modulation 

(PWM): 
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3.1 INTRODUCTION 

CHAPTER-3 

PROPOSED WORK 

 

There are multiple ways to adjust the speed of a DC Motor manually. The simplest way to achieve 

this is with the help of a variable resistor i.e. we can adjust the speed of a DC Motor by using a 

variable resistance in series with the motor. 

 
But this method is usually not prepared for two reasons. The first reason is energy wastage i.e. the 

resistor dissipates the excess energy as heat. The second reason is if we want to use any devices 

like microcontrollers or any other digital equipment for automating our DC Motor speed control, 

then this method cannot be used. 

 
A more efficient way to proceed is by using Pulse Width Modulation technique to Control the 

speed of our DC motor. 

 
There are multiple ways to adjust the speed of a DC Motor manually. The simplest way to achieve 

this is with the help of a variable resistor i.e. we can adjust the speed of a DC Motor by using a 

variable resistance in series with the motor. 

 
But this method is usually not prepared for two reasons. The first reason is energy wastage i.e. the 

resistor dissipates the excess energy as heat. The second reason is if we want to use any devices 

like microcontrollers or any other digital equipment for automating our DC Motor speed control, 

then this method cannot be used. 

 
A more efficient way to proceed is by using Pulse Width Modulation technique to Control the 

speed of our DC motor. 
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BLOCK DIAGRAM 
 

 
 

 

 

WORKING PRINCIPLE OF DC MOTOR 

 

 When a current carrying conductor is placed in a magnetic field it experiences a 

force/torque and has a tendency to move 

 This is known as motoring action 

 The magnitude of the force is given by F=ilB 

B:magnetic field, i:current,l:length of conductor 

 If the direction of current in the wire is reversed, the direction of rotation also reverses 

 When magnetic fieldand electric field interact they produce a mechanical force 
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3.2 COMPONENTSREQUIRED: 

Table 3.1 Components required for speed control dc motor using PWM 
 

Sl.no Component Rating 

SOLAR BATTERY CHARGING CIRCUIT 

I SMPS 12V, 2A 

II DC Motor 12V,1500RPM 

III Voltage Regulator 7805 5V 

IV Motor Driver L298N 46V,2A 

V Potentiometer 10K, Cermet 

VI Aurdino ATMEGA 328 5V 

VII LCD Display 16*2 

VIII Bluetooth module HC12 

IX Optical sensor  
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3.3 COMPONENTDESCRIPTION 

3.3.1 SMPS: 

A power supply (switching-mode power supply, switch-mode power supply, switched 

powersupply, SMPS, or switcher) is an electronic power supply that incorporates a switching 

regulator to convert electrical power efficiently. Like other power supplies, an SMPS transfers 

power from a DC or AC source (often main power) to DC loads, such as a personal computer, 

while converting voltage and current characteristics. Unlike a linear power supply, the pass 

transistor of a switching-mode supply continually switches between low-dissipation, full-on and 

full-off states, and spends very little time in the high dissipation transitions, which minimizes 

wasted energy. A hypothetical ideal switched-mode power supply dissipates no power. Voltage 

regulation is achieved by varying the ratio of on-to-off time (also known as duty cycles). In 

contrast, a linear power supply regulates the output voltage by continually dissipating power in the 

pass transistor. This higher power conversion efficiency is an important advantage of a switched- 

mode power supply. Switched-mode power supplies may also be substantially smaller and lighter 

than a linear supply due to the smaller transformer size and weight. 

Switching regulators are used as replacements for linear regulators when higher efficiency, smaller 

size or lighter weight are required. They are, however, more complicated; their switching currents 

can cause electrical noise problems if not carefully suppressed, and simple designs may have a 

poor power factor. 

 

 

 

 

 
Fig.3.1 12V, 2A SMPS 
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THEORY OF OPERATION 
 

Input rectifier stage 

 

If the SMPS has an AC input, then the  first  stage  is  to  convert  the  input  to  DC.  This  is  

called rectification. An SMPS with a DC input does not require this stage. In some power supplies 

(mostly computer ATX power supplies), the rectifier circuit can be configured as a voltage doubler 

by the addition of a switch operated either manually or automatically. This feature permits 

operation from power sources that are normally at 115 V or at 230 V. The rectifier produces an 

unregulated DC voltage which is then sent to a large filter capacitor. The current drawn from the 

mains supply by this rectifier circuit occurs in short pulses around the AC voltage peaks. These 

pulses have significant high frequency energy which reduces the power factor. To correct for this, 

many newer SMPS will use a special PFC circuit to make the input current follow the sinusoidal 

shape of the AC input voltage, correcting the  power  factor.  Power  supplies  that  use active  

PFC usually are auto-ranging, supporting input voltages from ~100 VAC – 250 VAC, with no 

input voltage selector switch. 

 

 

 

 

 

 

 

 

 

 

 

 

 
AC, half-wave and full-wave rectified signals 

 

 

 

 

 

 

 

 

 

 

 
Block diagram of a mains operated AC/DC SMPS with output voltage regulation 
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An SMPS designed for AC input can usually be run from a DC supply, because the DC would  

pass through the rectifier unchanged. If the power supply is designed for 115 VAC and has no 

voltage selector switch, the required DC voltage would be 163 VDC (115 × √2). This type of use 

may be harmful to the rectifier stage, however, as it will only use half of diodes in the rectifier for 

the full load. This could possibly result in overheating of these components, causing them to fail 

prematurely. On the other hand,  if  the power supply has a  voltage selector switch, based on     

the Delon circuit, for 115/230 V (computer ATX power supplies typically are in this category), the 

selector switch would have to be put in the 230 V position, and the required voltage would be 325 

VDC (230 × √2). The diodes in this type of power supply will handle the DC current just fine 

because they are  rated to  handle  double  the  nominal input  current  when operated  in  the 115  

V mode, due to the operation of the voltage doubler. This is because the doubler, when in 

operation, uses only half of the bridge rectifier and runs twice as much current through it.[32] 

Inverter stage: 

The inverter stage converts DC, whether directly from the input or from the rectifier stage 

described above, to AC by running it through a power oscillator, whose output transformer is very 

small with few windings at a frequency of tens or hundreds of kilohertz. The frequency is usually 

chosen to be above 20 kHz, to make it inaudible to humans. The switching is implemented as a 

multistage (to achieve high gain) MOSFET amplifier. MOSFETs are a type of transistor with a 

low on-resistance and a high current-handling capacity. 

Voltage converter and output rectifier: 
 

If the output is required to be isolated from the input, as is usually the case in mains power 

supplies, the inverted AC is used to drive the primary winding of a high-frequency transformer. 

This converts the voltage up or down to the required output level on its secondary winding. The 

output transformer in the block diagram serves this purpose. 

If a DC output is required, the AC output from the transformer is rectified. For output voltages 

above ten volts or so, ordinary silicon diodes are commonly used. For lower voltages, Schottky 

diodes are commonly used as the rectifier elements; they have the advantages of faster recovery 

times than silicon diodes (allowing low-loss operation at higher frequencies) and a lower voltage 

drop when conducting. For even lower output voltages, MOSFETs may be used as synchronous 

rectifiers; compared to Schottky diodes, these have even lower conducting state voltage drops. 

The rectified output is then smoothed by a filter consisting of inductors and capacitors. For higher 

switching frequencies, components with lower capacitance and inductance are needed. 

https://en.wikipedia.org/wiki/Switched-mode_power_supply#cite_note-32
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Simpler, non-isolated power supplies contain an inductor instead of a transformer. This type 

includes boost converters, buck converters, and the buck–boost converters. These belong to the 

simplest class of single input, single output converters which use one inductor and one active 

switch. The buck converter reduces the input voltage in direct proportion to the ratio of conductive 

time to the total switching period, called the duty cycle. For example an ideal buck converter with 

a 10 V input operating at a 50% duty cycle will produce an average output voltage of 5 V. A 

feedback control loop is employed to regulate the output voltage by varying the duty cycle to 

compensate for variations in input voltage. The output voltage of a boost converter is always 

greater than the input voltage and the buck–boost output voltage is inverted but can be greater 

than, equal to, or less than the magnitude of its input voltage. There are many variations and 

extensions to this class of converters but these three form the basis of almost all isolated and non- 

isolated DC to DC converters. 

 

3.3.2 DC MOTOR: 

 
A DC motor is any of a class of rotary electrical motors that converts direct current electrical 

energy into mechanical energy. The most common types rely on the forces produced by magnetic 

fields. Nearly all types of DC motors have some internal mechanism, either electromechanical or 

electronic, to periodically change the direction of current in part of the motor. 

DC motors were the first form of motor widely used, as they could be powered from existing 

direct-current lighting power distribution systems. A DC motor's speed can be controlled over a 

wide range, using either a variable supply voltage or by changing the strength of current in its field 

windings. Small DC motors are used in tools, toys, and appliances. The universal motor can 

operate on direct current but is a lightweight brushed motor used for portable power tools and 

appliances. Larger DC motors are currently used in propulsion of electric vehicles, elevator and 

hoists, and in drives for steel rolling mills. The advent of power electronics has made replacement 

of DC motors with AC motors possible in many applications. 

A coil of wire with a current running through it generates an electromagnetic field aligned with the 

center of the coil. The direction and magnitude of the magnetic field produced by the coil can be 

changed with the direction and magnitude of the current flowing through it. 

A simple DC motor has a stationary set of magnets in the stator and an armature with one or more 

windings of insulated wire wrapped around a soft iron core that concentrates the magnetic field. 

The windings usually have multiple turns around the core, and in large motors there can be several 



17  

parallel current paths. The ends of the wire winding are connected to a commutator. The 

commutator allows each armature coil to be energized in turn and connects the rotating coils with 

the external power supply through brushes. (Brushless DC motors have electronics that switch the 

DC current to each coil on and off and have no brushes.) 

The total amount of current sent to the coil, the coil's size and what it's wrapped around dictate the 

strength of the electromagnetic field created. 

The sequence of turning a particular coil on or off dictates what direction the effective 

electromagnetic fields are pointed. By turning on and off coils in sequence a rotating magnetic 

field can be created. These rotating magnetic fields interact with the magnetic fields of the 

magnets (permanent or electromagnets) in the stationary part of the motor (stator) to create a 

torque on the armature which causes it to rotate. In some DC motor designs the stator fields use 

electromagnets to create their magnetic fields which allow greater control over the motor. 

At high power levels, DC motors are almost always cooled using forced air. 
 

Different number of stator and armature fields as well as how they are connected provide different 

inherent speed/torque regulation characteristics. The speed of a DC motor can be controlled by 

changing the voltage applied to the armature. The introduction of variable resistance in the 

armature circuit or field circuit  allowed  speed  control.  Modern DC motors are often controlled 

by power electronics systems which adjust the voltage by "chopping" the DC current into on and 

off cycles which have an effective lower voltage. 

Since the series-wound DC motor develops its highest torque at low speed, it is often used in 

traction applications such as electric locomotives, and trams. The DC motor was the mainstay of 

electric traction drives on both electric and diesel-electric locomotives, street-cars/trams and diesel 

electric drilling rigs for many years. The introduction of DC motors and an electrical grid system 

to run machinery starting in the 1870s started a new second Industrial Revolution. DC motors can 

operate directly from rechargeable batteries, providing the motive power for the first electric 

vehicles and today's hybrid cars and electric cars as well as driving a host of cordless tools. Today 

DC motors are still found in applications as small as toys and disk drives, or in large sizes to 

operate steel rolling mills and paper machines. Large DC motors with separately excited fields 

were generally used with winder drives for mine hoists, for high torque as well as smooth speed 

control using thyristor drives. These are now replaced with large AC motors with variable 

frequency drives. 
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If external mechanical power is applied to a DC motor it acts as a DC generator, a dynamo. This 

feature is used to slow down and recharge batteries on hybrid and electric cars or to return 

electricity back to the electric grid used on a street car or electric powered train line when they 

slow down. This process is called regenerative braking on hybrid and electric cars. In diesel 

electric locomotives they also use their DC motors as generators to slow down but dissipate the 

energy in resistor stacks. Newer designs are adding large battery packs to recapture some of this 

energy. 

 

 

 

Fig 3.2 12V,1500RPM DC motor 
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3.3.3 VOLTAGE REGULATOR7805: 

A voltage regulator is a system designed to automatically maintain a constant voltage level. A 

voltage regulator may use a simple feed-forward design or may include negative feedback. It may 

use an electromechanical mechanism, or electronic components. Depending on the design, it may 

be used to regulate one or more AC or DC voltages. 

Electronic voltage regulators are found in devices such as computer power supplies where they 

stabilize the DC voltages used by the processor and other elements. In automobile alternators and 

central power station generator plants, voltage regulators control the output of the plant. In an 

electric power distribution system, voltage regulators may be installed at a substation or along 

distribution lines so that all customers receive steady voltage independent of how much power is 

drawn from the line. 

ELECTRONIC VOLTAGE REGULATOR 
 

A simple voltage/current regulator can be made from a resistor in series with a diode (or series of 

diodes). Due to the logarithmic shape of diode V-I curves, the voltage across the diode changes 

only slightly due to changes in current drawn or changes in the input. When precise voltage  

control and efficiency are not important, this design may be fine. Since the forward voltage of a 

diode is small, this kind of voltage regulator is only suitable for low voltage regulated output. 

When higher voltage output is needed, a zener diodeV or series of zener diodes may be employed. 

Zener diode regulators make use of the zener diode's fixed reverse voltage, which can be quite 

large. 

Feedback voltage regulators operate by comparing the actual output voltage to some fixed 

reference voltage. Any difference is amplified and used to control the regulation element in such a 

way as to reduce the voltage error. This forms a negative feedback control loop; increasing the 

open-loop gain tends to increase regulation accuracy but reduce stability. (Stability is avoidance of 

oscillation, or ringing, during step changes.) There will also be a trade-off between stability and 

the speed of the response to changes. If the output voltage is too low (perhaps due to input voltage 

reducing or load current increasing), the regulation element is commanded, up to a point, to 

produce a higher output voltage–by dropping less of the input voltage (for linear series regulators 

and buck switching regulators), or to draw input current for longer periods (boost-type switching 

regulators); if the output voltage is too high, the regulation element will normally be commanded 

to produce a lower voltage. However, many regulators have over-current protection, so that they 

will entirely stop sourcing current (or limit the current in some way) if the output current is too 
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high, and some regulators may also shut down if the input voltage is outside a given range (see 

also: crowbar circuits). 

Fig.3.3 5V voltage regulator 

 

 
3.3.4 MOTOR DRIVERL298N: 

 

The L298N is an integrated monolithic circuit in a 15- lead Multiwatt and PowerSO20 packages. It 

is a high voltage , high current dual full-bridge driver de-signed to accept standard TTL logic level 

sand drive inductive loads such as relays, solenoids, DC and stepping motors. Two enable inputs 

are provided to enable or disable the device independently of the in-put signals .The emitters of  

the lower transistors of each bridge are connected together rand the corresponding external 

terminal can be used for the connection of an external sensing resistor. An additional Supply input 

is provided so that the logic works at a lower voltage. 
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(a) Schematic diagram for motor drive module 
 

FEATURES 

 
1) High operating voltage, which can be up to 40 volts; 

2) Large output current, the instantaneous peak current can be up to 3A; 

3) With 25W rated power; 

4) Two built in H-bridge, high voltage, large current, full bridge driver, which can be used to 

drive DC motors, stepper motors, relay coils and other inductive loads. 

5) Using standard logic level signal to control. 

6) Able to drive a two-phase stepper motor or four-phase stepper motor, and two-phase DC 

motors. 

7) Adopt a high-capacity filter capacitor and a freewheeling diode that protects devices in the 

circuit from being damaged by the reverse current of an inductive load, enhancing reliability 

8) The module can utilize the built-in stabilivolt tube 78M05 to obtain 5v from the power 

supply. But to protect the chip of the 78M05 from damage, when the drive voltage is greater 

than 12v, an external 5v logic supply should be used. 

9) Drive voltage: 5-35V; logic voltage: 5V 
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PIN FUNCTION 
 
 

Pin functions are as shown in table 
 

 
 

Table 3.2 L298N pin functions 
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Principle 

The driver module can drive two motors. The enabled terminals ENA and ENB are effective at 

high level. The control mode and state of motor A are as shown in table (2): 

 

Table 3.3 control mode and state of motor A 

If you want to regulate the speed of motor A by PWM, you need to set IN1 and IN2, confirm the 

rotational direction of the motor, and then output PWM pulses for enabled terminals. Please note 

the motor is in the free stop state when the signal of enabled terminal is 0. When the enabled 

signal is 1, if IN1 and IN2 are 00 or 11, the motor is in brake state, and the motor stops rotating. If 

IN1 is 0 and IN2 is 1, the motor A rotates clockwise; if IN1 is 1 and IN2 is 0, the motor A rotates 

counterclockwise. This is the control method for motor A. The control method for motor B is the 

same as that for motor A. 

 
Block Diagram 
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Fig.3.4 Motor Driver L298N 46V,2A 

 
3.3.5 Potentiometer:- 

 

A potentiometer is a three terminal resistor with a sliding or 

rotating contact that forms an adjustable voltage divider. If only two terminals are used, 

one end & the wiper, it acts as a variable resistor or rheostat. 

 

The measuring instrument called a potentiometer is essentially a voltage divider is used 

for measuring electric potential (voltage); the component is an implementation of the 

same principle, hence its name. 

Potentiometers are commonly used to control electrical devices such as volume 

controls on audio equipment. Potentiometers operated by a mechanism can be used as 

position transducers, for example, in a joystick. Potentiometers are rarely used to directly 

control significant power (more than a watt), since the power dissipated in the 

potentiometer would be comparable to the power in the controlled load. 

https://en.wikipedia.org/wiki/Potentiometer_(measuring_instrument)
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Electric_potential
https://en.wikipedia.org/wiki/Transducer
https://en.wikipedia.org/wiki/Joystick
https://en.wikipedia.org/wiki/Watt
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Fig.3.5 potentiometer 10K, Cermet 
 

Drawing of potentiometer with case cut away, showing parts: (A) shaft, (B) 

stationary carbon composition resistance element, (C) phosphor bronze wiper, (D) shaft 

attached to wiper, (E, G) terminals connected to ends of resistance element, (F) terminal 

connected to wiper. A mechanical stop (H) prevents rotation past end points. 

 
There are a number of terms in the electronics industry used to describe certain types of 

potentiometers: 

 

 slide pot or slider pot: a potentiometer that is adjusted by sliding the wiper left or right (or up 

and down, depending on the installation), usually with a finger or thumb 

 thumb pot or thumbwheel pot: a small rotating potentiometer meant to be adjusted 

infrequently by means of a small thumbwheel 

 trimpot or trimmer pot: a trimmer potentiometer typically meant to be adjusted once or 

infrequently for "fine-tuning" an electrical signal 

 
 

 
 The potentiometer can be used as a voltage divider to obtain a manually adjustable 

output voltage at the slider (wiper) from a fixed input voltage applied across the two ends 

of the potentiometer. This is their most commonuse. 

https://en.wikipedia.org/wiki/Voltage_divider
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 The voltage across RL can be calculatedby: 
 

VL= R2RL   *VS  

 

R1R2+R1RL+R2RL 

 

If RL is large compared to the other resistances (like the input to an operational amplifier), 

the output voltage can be approximated by the simpler equation: 

 

 
VL= R2*VS 

R1+R2 

https://en.wikipedia.org/wiki/Operational_amplifier


3.3.6 ARDUINO ATMEGA328: 
 

Arduino is an open-source hardware and software company, project and user community that 

designs and manufactures single-board microcontrollers and microcontroller kits for building 

digital devices. Its products are licensed under the GNU Lesser General Public License (LGPL) or 

the GNU General Public License (GPL), permitting the manufacture of Arduino boards and 

software distribution by anyone. Arduino boards are available commercially in preassembled form 

or as do-it-yourself (DIY) kits. 

Arduino board designs use a variety of microprocessors and controllers. The boards are equipped 

with sets of digital and analog input/output (I/O) pins that may be interfaced to various expansion 

boards ('shields') or breadboards (For prototyping) and other circuits. The boards feature serial 

communications interfaces, including Universal Serial Bus (USB) on some models, which are also 

used for loading programs from personal computers. The microcontrollers can be programmed 

using C and C++ programming languages. In addition to using traditional compiler toolchains, the 

Arduino project provides an integrated development environment (IDE) based on 

the Processing language project. 
 

The Arduino project started in 2005 as a program for students at the Interaction Design Institute 

Ivrea in Ivrea, Italy, aiming to provide a low-cost and easy way for novices and professionals to 

create devices that interact with their environment using sensors and actuators. Common examples 

of such devices intended for beginner hobbyists include simple robots, thermostats and motion 

detectors. 

The name Arduino comes from a bar in Ivrea, Italy, where some of the founders of the project 

used to meet. The bar was named after Arduin of Ivrea, who was the margrave of the March of 

Ivrea and King of Italy from 1002 to 1014. 

The   Arduino integrated   development   environment(IDE)    is    a cross-platform application  

(for Windows, macOS, and Linux) that is written in the programming language JavA. It originated 

from the IDE for the languages Processing and Wiring. It includes a code editor with features such 

as text cutting and pasting, searching and replacing text, automatic indenting, brace  matching,  

and syntax highlighting, and provides simple one-click mechanisms to compile and upload 

programs to an Arduino board. It also contains a message area, a text console, a toolbar with 

buttons for common functions and a hierarchy of operation menus. The source code for the IDE is 

released under the GNU General Public License, version 2. 

The Arduino IDE supports the languages C and C++ using special rules of code structuring. The 

Arduino IDE supplies a software library from the Wiring project, which provides many common 

27 
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input and output procedures. User-written code only requires two basic functions, for starting the 

sketch and the main program loop, that are compiled and  linked with a program stub main() into 

an executable cyclic executive program with the GNU toolchain, also included with the IDE 

distribution. The Arduino IDE employs the program avrdude to convert the executable code into a 

text file in hexadecimal encoding that is loaded into the Arduino board by a loader program in the 

board's firmware. 

Fig.3.6 Arduino ATMEGA 328 5V 

 
Table 3.4 Pin Description 

 

Pin 

Category 

Pin Name Details 

Power Vin, 3.3V, 5V, 

GND 

Vin: Input voltage to Arduino when using an external power 

source. 

5V: Regulated power supply used to power microcontroller 

and other components on the board. 

3.3V: 3.3V supply generated by on-board voltage regulator. 

Maximum current draw is 50mA. 

GND: ground pins. 

Reset Reset Resets the microcontroller. 

Analog Pins A0 – A5 Used to provide analog input in the range of 0-5V 
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Input/Output 

Pins 

Digital Pins 0 - 

13 

Can be used as input or output pins. 

Serial 0(Rx), 1(Tx) Used to receive and transmit TTL serial data. 

External 

Interrupts 

2, 3 To trigger an interrupt. 

PWM 3, 5, 6, 9, 11 Provides 8-bit PWM output. 

SPI 10 (SS), 11 

(MOSI), 12 

(MISO)  and 13 

(SCK) 

Used for SPI communication. 

Inbuilt LED 13 To turn on the inbuilt LED. 

TWI A4 (SDA), A5 

(SCA) 

Used for TWI communication. 

AREF AREF To provide reference voltage for input voltage. 

 

 

Table 3.5 Arduino Uno Technical Specifications: 
 

Microcontroller ATmega328P – 8 bit AVR family microcontroller 

Operating Voltage 5V 

Recommended Input Voltage 7-12V 

Input Voltage Limits 6-20V 

Analog Input Pins 6 (A0 – A5) 

Digital I/O Pins 14 (Out of which 6 provide PWM output) 

DC Current on I/O Pins 40 mA 

DC Current on 3.3V Pin 50 mA 

https://components101.com/microcontrollers/atmega328p-pinout-features-datasheet
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Flash Memory 32 KB (0.5 KB is used for Bootloader) 

SRAM 2 KB 

 

EEPROM 
 

1 KB 

 

Frequency (Clock Speed) 
 

16 MHz 

 

 

 

3.3.7 LCD DISPLAY: 
 

A liquid-crystal display (LCD) is a flat-panel display or other electronically modulated optical 

device that uses the light-modulating properties of liquid crystals combined with polarizers. Liquid 

crystals do not emit light directly,instead using a backlight or reflector to produce images in color 

or monochrome. LCDs are available to display arbitrary images (as in a general-purpose computer 

display) or fixed images with low information content, which can be displayed or hidden, such as 

preset words, digits, and seven-segment displays, as in a digital clock. They use the same basic 

technology, except that arbitrary images are made from a matrix of small pixels, while other 

displays have larger elements. LCDs can either be normally on (positive) or off (negative), 

depending on the polarizer arrangement. For example, a character positive LCD with a backlight 

will have black lettering on a background that is the color of the backlight, and a character 

negative LCD will have a black background with the letters being of the same color as the 

backlight. Optical filters are added to white on blue LCDs to give them their characteristic 

appearance. 

LCDs are used in  a  wide  range  of  applications,  including LCD  televisions, computer  

monitors, instrument panels, aircraft cockpit displays, and indoor and outdoor signage. Small LCD 

screens are common in portable consumer devices such as digital cameras, watches, calculators, 

and mobile telephones, including smartphones. LCD screens are also used on consumer  

electronics products such as DVD players, video game devices and clocks. LCD screens have 

replaced heavy, bulky cathode ray tube (CRT) displays in nearly all applications. LCD screens are 

available in a wider range of screen sizes than CRT and plasma displays, with LCD screens 

available in sizes ranging from tiny digital watches to very large television receivers. LCDs are 

slowly being replaced by OLEDs, which can be easily made into different shapes, and have a 

lower response time, wider color gamut, virtually infinite color contrast and viewing angles, lower 

weight for a given display size and a slimmer profile (because OLEDs use a single glass or plastic 
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panel whereas LCDs use two glass panels; the thickness of the panels increases with size but the 

increase is more noticeable on LCDs) and potentially lower power consumption (as the display is 

only "on" where needed and there is no backlight). OLEDs, however, are more expensive for a 

given display size due to the very expensive electroluminescent materials or phosphors that they 

use. Also due to the use of phosphors, OLEDs suffer from screen burn-in and there is currently no 

way to recycle OLED displays, whereas LCD panels can be recycled, although the technology 

required to recycle LCDs is not  yet  widespread.  Attempts  to  increase  the  lifespan  of  LCDs 

are quantum dot displays, which offer similar performance to an OLED display, but the Quantum 

dot sheet that gives these displays their characteristics can not yet be recycled. 

Since LCD screens do not use phosphors, they rarely suffer image burn-in when a static image is 

displayed on a screen for a long time, e.g., the table frame for an airline flight schedule on an 

indoor sign. LCDs are, however, susceptible to image persistence. The LCD screen is more 

energy-efficient and can be disposed of more safely than a CRT can. Its low electrical power 

consumption enables it to be used in battery-powered electronic equipment more efficiently than 

CRTs can be. By 2008, annual sales of televisions with LCD screens exceeded sales of CRT units 

worldwide, and the CRT became obsolete for most purposes 

 

 Resolution The resolution of an LCD is expressed by the number of columns and rows of 

pixels (e.g., 1024×768). Each pixel is usually composed 3 sub-pixels, a red, a green, and a  

blue one. This had been one of the few features of LCD performance that remained uniform 

among different designs. However, there are newer designs that share sub-pixels among pixels 

and add Quattron which attempt to efficiently increase the perceived resolution of a display 

without increasing the actual resolution, to mixed results. 

 Spatial performance: For a computer monitor or some other display that is being viewed 

from a very close distance, resolution is often expressed in terms of dot pitch or pixels per 

inch, which is consistent with the printing industry. Display density varies per application, 

with televisions generally having a low density for long-distance viewing and portable devices 

having a high density for close-range detail. The Viewing Angle of an LCD may be important 

depending on the display and its usage, the limitations of certain display technologies mean 

the display only displays accurately at certain angles. 

 Temporal performance: the temporal resolution of an LCD is how well it can display 

changing images, or the accuracy and the number of times per second the display draws the 

data it is being given. LCD pixels do not flash on/off between frames, so LCD  monitors 

exhibit no refresh-induced flicker no matter how low the refresh rate. But a lower refresh rate 
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can mean visual artefacts like ghosting or smearing, especially with fast moving images. 

Individual pixel response time is also important, as all displays have some inherent latency in 

displaying an image which can be large enough to create visual artifacts if the displayed image 

changes rapidly. 

 Color performance: There are multiple terms to describe different aspects of color 

performance of a display. Color gamut is the range of colors that can be displayed, and color 

depth, which is the fineness with which the color range is divided. Color gamut is a relatively 

straight forward feature, but it is rarely discussed in marketing materials except at the 

professional level. Having a color range that exceeds the content being shown on the screen 

has no benefits, so displays are only made to perform within or below the range of a certain 

specification.There are additional aspects to LCD color and color management, such as white 

point and gamma correction, which describe what color white is and how the other colors are 

displayed relative to white. 

 Brightness and contrast ratio: Contrast ratio is the ratio of the brightness of a full-on pixel to 

a full-off pixel. The LCD itself is only a light valve and does not generate light; the light  

comes from a backlight that is either fluorescent or a set of LEDs. Brightness is usually stated 

as the maximum light output of the LCD, which can vary greatly based on the transparency of 

the LCD and the brightness of the backlight. In general, brighter is better, but there is always a 

trade-off between brightness and power consumption. 

Fig.3.7 LCD Display 16*2 

 

 

Table 3.6 Pin Configuration 
 

Pin 

No: 

Pin Name: Description 
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1 Vss (Ground) Ground pin connected to system ground 

2 Vdd (+5 Volt) Powers the LCD with +5V (4.7V – 5.3V) 

3 VE (Contrast 

V) 

Decides the contrast level of display. Grounded to get maximum 

contrast. 

4 Register 

Select 

Connected to Microcontroller to shift between command/data register 

5 Read/Write Used to read or write data. Normally grounded to write data to LCD 

6 Enable Connected to Microcontroller Pin and toggled between 1 and 0 for 

data acknowledgement 

7 Data Pin 0 
 

 

 
Data pins 0 to 7 forms a 8-bit data line. They can be connected to 

Microcontroller to send 8-bit data. 

These LCD’s can also operate on 4-bit mode in such case Data pin 

4,5,6 and 7 will be left free. 

8 Data Pin 1 
 

9 Data Pin 2 

10 Data Pin 3 

11 Data Pin 4 

12 Data Pin 5 

13 Data Pin 6 

14 Data Pin 7 

15 LED Positive Backlight LED pin positive terminal 

16 LED Negative Backlight LED pin negative terminal 
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Features of 16×2 LCD module: 

 
 Operating Voltage is 4.7V to 5.3V 

 Current consumption is 1mA without backlight 

 Alphanumeric LCD display module, meaning can display alphabets and numbers 

 Consists of two rows and each row can print 16 characters. 

 Each character is build by a 5×8 pixel box 

 Can work on both 8-bit and 4-bit mode 

 It can also display any custom generated characters 

 Available in Green and Blue Backlight 

 

 
 

3.3.8 BLUETOOTH MODULE: 

The HC-05 is a very cool module which can add two-way (full-duplex) wireless functionality to 

your projects. You can use this module to communicate between two microcontrollers like 

Arduino or communicate with any device with Bluetooth functionality like a Phone or Laptop. 

There are many android applications that are already available which makes this process a lot 

easier. The module communicates with the help of USART at 9600 baud rate hence it is easy to 

interface with any microcontroller that supports USART. We can also configure the default values 

of the module by using the command mode. So if you looking for a Wireless module that could 

transfer data from your computer or mobile phone to microcontroller or vice versa then this 

module might be the right choice for you. However do not expect this module to transfer 

multimedia like photos or songs; you might have to look into the CSR8645 module for that. 

The HC-05 has two operating modes, one is the Data mode in which it can send and receive data 

from other Bluetooth devices and the other is the AT Command mode where the default device 

settings can be changed. We can operate the device in either of these two modes by using the key 

pin as explained in the pin description. 

It is very easy to pair the HC-05 module with microcontrollers because it operates using the Serial 

Port Protocol (SPP). Simply power the module with +5V and connect the Rx pin of the module to 

the Tx of MCU and Tx pin of module to Rx of MCU 

During power up the key pin can be grounded to enter into Command mode, if left free it will by 

default enter into the data mode. As soon as the module is powered you should be able to discover 

the Bluetooth device as “HC-05” then connect with it using the default password 1234 and start 
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communicating with it 

 
Table 3.7 Pin Configuration: 

 

Pin 

Number 

Pin Name Description 

1 Enable / 

Key 

This pin is used to toggle between Data Mode (set low) and AT 

command mode (set high). By default it is in Data mode 

2 Vcc Powers the module. Connect to +5V Supply voltage 

3 Ground Ground pin of module, connect to system ground. 

4 TX – 

Transmitter 

Transmits Serial Data. Everything received via Bluetooth will be given 

out by this pin as serial data. 

5 RX – 

Receiver 

Receive Serial Data. Every serial data given to this pin will be 

broadcasted via Bluetooth 

6 State The state pin is connected to on board LED, it can be used as a 

feedback to check if Bluetooth is working properly. 

7 LED Indicates the status of Module 

 
 Blink once in 2 sec: Module has entered Command Mode 

 Repeated Blinking: Waiting for connection in Data Mode 

 Blink twice in 1 sec: Connection successful in Data Mode 

8 Button Used to control the Key/Enable pin to toggle between Data and 

command Mode 
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HC-05 Technical Specifications 

 
 Serial Bluetooth module for Arduino and other microcontrollers 

 Operating Voltage: 4V to 6V (Typically +5V) 

 Operating Current: 30mA 

 Range: <100m 

 Works with Serial communication (USART) and TTL compatible 

 Follows IEEE 802.15.1 standardized protocol 

 Uses Frequency-Hopping Spread spectrum (FHSS) 

 Can operate in Master, Slave or Master/Slave mode 

 Can be easily interfaced with Laptop or Mobile phones with Bluetooth 

 Supported baud rate: 9600,19200,38400,57600,115200,230400,460800. 
 
 

 
 

Fig.3.8 Bluetooth module HC12 
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3.3.9 OPTICAL SENSOR: 

 
In the broadest definition, a sensor is a device, module, machine, or subsystem whose purpose is 

to detect events or changes in its environment and send the information to other electronics, 

frequently a computer processor. A sensor is always used with other electronics. 

Sensors are used in everyday objects such as touch-sensitive elevator buttons (tactile sensor) and 

lamps which dim or brighten by touching the base, besides innumerable applications of which 

most    people    are    never    aware.     With     advances     in micromachinery and     easy-to-   

use microcontroller platforms, the uses of sensors have expanded beyond the traditional fields of 

temperature, pressure or flow measurement, for example into MARG sensors. Moreover, analog 

sensors such as potentiometers and force-sensing resistors are still widely used. Applications 

include manufacturing and machinery, airplanes and aerospace, cars, medicine, robotics and many 

other aspects of our day-to-day life. There are a wide range of other sensors, measuring chemical 

& physical properties of materials. A few examples include optical sensors for Refractive index 

measurement, vibrational sensors for fluid viscosity measurement and electro-chemical sensor for 

monitoring pH of fluids. 

A sensor's sensitivity indicates how much the sensor's output changes when the input quantity 

being measured changes. For instance, if the mercury in a thermometer moves 1 cm when the 

temperature changes by 1 °C, the sensitivity is 1 cm/°C (it is basically the slope dy/dx assuming a 

linear characteristic). Some sensors can also affect what they measure; for instance, a room 

temperature thermometer inserted into a hot cup of liquid cools the liquid while the liquid heats  

the thermometer. Sensors are usually designed to have a small effect on what is measured; making 

the sensor smaller often improves this and may introduce other advantages. 

Technological progress allows more and more sensors to be  manufactured  on  a microscopic 

scale as microsensors using MEMS technology. In most cases, a microsensor reaches a 

significantly      faster      measurement      time      and       higher       sensitivity       compared 

with macroscopic approaches.Due the increasing demand for rapid, affordable and reliable 

information in today's world, disposable sensors—low-cost and easy‐to‐use devices for short‐term 

monitoring or single‐shot measurements—have recently gained growing importance. Using this 

class of sensors, critical analytical information can be obtained by anyone, anywhere and at any 

time, without the need for recalibration and worrying about contamination 
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Fig.3.8 optical sensor 
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CHAPTER-4 

RESLUTS 

 
Here we are going to interface a DC motor to Arduino UNO and its speed is controlled. This is 

done by PWM (Pulse Width Modulation). This feature is enabled in UNO to get variable voltage 

over constant voltage. The method of PWM is explained here 

ON time is “Ton” and the OFF time is “Toff”. T is the sum of the “Ton” and “Toff” which is 

called the Time Period. In the concept of PWM “T” is not varying and the “Ton” and the “Toff” 

can vary, in this way when “Ton” increase “Toff” will decrease and “Toff” increase when “Ton” 

decrease proportionally.The duty cycle is the fraction of one Time period. Duty cycle is commonly 

expressed as a percentage or a ratio. A period is the time it takes for a signal to complete an on- 

and-off cycle. As a formula, a duty cycle may be expressed as: 

 

  DUTY CYCLE = (Ton ÷ T) x100 %  

 

OUTPUT OF SPEED CONTROL OF DC MOTOR 
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Fig.4.1 dc motor circuit 
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CHAPTER-5 

CONCLUSION & FUTURE SCOPE 
 

CONCLUSION 

 
The dc motor speed is controlled by using power electronic device and the PWM is used which to control 

the speed of the dc motor. The speed pulse train will be based on the required input speed. This circuit 

response is fast. Hence high reliability can be achieved. The designed circuit was tested for various speeds 

inputs satisfactorily. This method is already using in traction system. 

 

FUTURESCOPE 

 
Research is endless. The work done in this thesis could be further researched upon and extended  

by considering various other sophisticated advanced simulation tools, both in the hardware and in 

the software levels. The developed control strategy is not only simple but also reliable and may be 

easy to implement in real-time applications using some interfacing cards such as the dSPACE, 

Data acquisition cards, TMSDSP cards, NI cards, etc. for control of various parameters and can 

also be combined with fuzzy, ANNs and rough sets for other applications. Genetic algorithms 

combined with fuzzy and neural networks can be considered a future entity. Speed control of IMs 

using sliding mode control, model predictive control and multirate output feedback control 

strategies such as the periodic output feedback and fast output sampling feedback could also be 

used. Fault tolerant strategies can also be used as one of the options for checking robustness issues 

in speed control. The robustness of the proposed controllers could be further investigated using 

simulation studies for various parametric changes/variations. One of the robust control techniques, 

viz., the H∞ control scheme, could be used as one of the future options along with hybrid 

controllers. 
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6.1 SOURCE CODE 

 

String myString,vol,pwr,wat,hum,temp; 

int v,p,l,h,t; 

void setup() 

{ 

CHAPTER 6 

APPENDIX 

Serial.begin(9600); 

// Blynk.begin(auth, ssid, pass); 

} 

void loop() 

{ 

if (Serial.available()) 

{ 

myString = Serial.readStringUntil('*'); 

//do stuff with the string 

Serial.println(myString); 

//Serial.println(myString.substring(0, 1)); 

/*if(myString.substring(0, 1) == "G") 

{ 

//Serial.println(" ---- "); 

vol=myString.substring(1, 4); 

v=vol.toInt(); 

Serial.println("Voltage:"+String(v)); 

 

} 

else if(myString.substring(0, 1) == "H") 

{ 

//Serial.println(" ---- "); 

hum=myString.substring(1, 4); 

h=hum.toInt(); 

Serial.println("Humidity:"+String(h)); 

Blynk.virtualWrite(V3,h); 

} 

else if(myString.substring(0, 1) == "T") 

{ 

//Serial.println(" ---- "); 

temp=myString.substring(1, 4); 

t=temp.toInt(); 

Serial.println("Temp:"+String(t)); 

Blynk.virtualWrite(V4,t); 

}*/ 
 

//Serial.println(" ---- "); 

} 

} 
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int mot=9,a=0,ct; 

 
#include <LiquidCrystal.h> 

#include <SoftwareSerial.h> 

SoftwareSerial gsm(2, 3);//rx,tx gsm module pins 

LiquidCrystal lcd(A5, A4, 4, 5, 6, 7); 

int sensor = 11; 

 
unsigned long start_time = 0; 

unsigned long end_time = 0; 

int steps=0,pot,p,pp=10; 

float steps_old=0; 

float temp=0; 

float rps=0,rpm; 

void setup() 

{ 

 

 
 

Serial.begin(9600); 

 
gsm.begin(9600); // Setting the baud rate of GSM Module 

lcd.begin(16, 2); 

pinMode(sensor,INPUT_PULLUP); 

lcd.setCursor(0,0); 

lcd.print(" SS: "); 

lcd.setCursor(0,1); 

lcd.print(" RPM - 0.00"); 

 
 

} 
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void loop() 

 
{ 

 

pot=analogRead(A0); 

a=map(pot, 0, 1024, 0, 255); 

p=map(pot, 0, 1024, 0, 1480); 

 
lcd.setCursor(4,0); 

lcd.print(p);lcd.print(" "); 

analogWrite(mot,pp);//Serial.println(a); 

spd();Serial.println(pp);gsm.print("P");gsm.print(pp);gsm.print("*"); 

if(p>rpm) 

{ 

 

Serial.println("++"); 

if(pp<255) 

pp=pp+5; 

//ESC.write(kk); 

 
} 

 
if(p<rpm) 

 
{ 

 
Serial.println("--"); 

if(pp>1) 

pp=pp-5; 

 
//ESC.write(kk); 

 
} 



46 
 

/*Serial.println(digitalRead(sensor)); 

if(digitalRead(sensor)==1) 

{ 

 
ct++; 

Serial.println(ct); 

}*/ 
 

} 

 
void spd() 

 
{ 

 
start_time=millis(); 

end_time=start_time+2000; 

while(millis()<end_time) 

{ 

 
if(digitalRead(sensor)) 

 
{ 

 
steps=steps+1; 

while(digitalRead(sensor)); 

} 

 
lcd.setCursor(15,0); 

lcd.print(steps); 

lcd.print(" "); 

} 

 
temp=steps-steps_old; 

steps_old=steps; 

rps=(temp/20); 
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rpm=rps*60; 

gsm.print("R");gsm.print(rpm);gsm.print("*"); 

lcd.setCursor(9,1); 

lcd.print(rps*60); 

lcd.print(" "); 

} 
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PROJECT PROFORMA 

 

Classification  of Project 

Application Product Research Review 

   
 

 

Note: Tick Appropriate category.  

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1 1  1 1 3   1 2 1  2 2 1 

Outcome 2        1  3  2 2 3 

Outcome 3 2 2 2 2    1 2   2 2 3 

Outcome 4 3 3 3 3    1  1 3 2 2 3 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

  on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 

 

 

 

 

 

Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering        

    problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

     engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with    

     appropriate consideration for public health and safety, and cultural, societal, and    

     environmental considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of t h e information to provide valid conclusions. 



5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional 

     engineering solutions in societal and environmental contexts, and  demonstrate the  

      knowledge of, and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities   

    and norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with  

     the engineering community and with the society at large, such as, being able to  

     comprehend and write effective reports and design documentation, make effective  

     presentations, and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to              

     engage in independent and life-long learning in the broadest context of technological                       

     change. 

 

Programme Specific Outcomes(PSO): 

1. Apply the knowledge of circuit design, analogy & digital electronics to the field of electrical and 

electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems using modern 

tools.  
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                                      ABSTRACT 
 

 

 

 

Distribution transformers are the main component of the power system which 

provides power for our electronic and electrical appliances in our homes and 

factories. Distribution transformers must be protected from fault and it should supply 

reliable and quality power i.e. at rated voltage without interruption. Transformer 

failures become a significant issue to both customers and the utility companies. Poor 

quality of power supply may result into increased power losses, production loss, and 

power outages and causes undesirable behavior of equipments and may cause 

damage to the equipments connected to the LV side of the transformer. It 

economically affects the customers by damaging their appliances connected to the 

power source. This project develops a monitoring system via an Ethernet LAN on the 

intended substation, the in-built system by monitoring the zero crossing of current 

and voltage during low voltage and over voltage, fault protection, fault detection and 

fault prevention. This helps the utility from unnecessary power outages, and 

increases the life time of the transformer and increase the service time. The system 

also provides an online control of the distribution transformer remotely via Internet 

of Things technology, and it helps the customer to avoid frequent power failures and 

ensure reliable and good quality power being supplied to the consumers. 
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CHAPTER 1 

 

INTRODUCTION 
                         The distribution transformer directly provides the low voltage users with 

power supply. Thus, the working condition of the transformer plays an 

important role in distribution network. The transformers must be operated in 

rated condition for their long life. This is not possible during entire working 

periods. Overloading and deficient cooling of transformers can cause 

unexpected failure in transformers which can disturb delivering of electricity 

over many consumers. The manual checkup of rise in voltage, rise in ambient 

temperature, load current etc. tends to be more complex as incidental 

parameters cannot be accessed. 

                          In IoT, interaction between the physical and digital worlds using sensors and   

actuators are carried out. A sensor or a network of sensors are used to sense 

the physical parameters or the respective environment. These processed sensor 

output are then send to the main server or cloud with the help of various 

network devices. The data can be accessed over internet from anywhere 

around the world. Monitoring and controlling form the basic objective of IoT 

technology. Hence IoT based monitoring is preferred more than manual 

monitoring. The system is a real time monitoring of transformer parameters 

such as voltage, current and temperature. This will help to identify the faults 

before a serious failure occurs. 

                         FAULTS IN TRANSFORMERS 

                         The major faults occurring in a transformer are overload, over / under voltage, 

temperature rise, oil level fault etc. 

    1.Overload / Overcurrent: Overload / Overcurrent is the flow of fault 

current occurring in the power system through the transformer. These 
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condition last for a short duration of about or less than 2 seconds as protection 

relays isolate the power system. 

   2.Over / Under voltage: Over voltage results when voltage to frequency          

ratio exceeds 1.05 pu at full load and 1.10 pu during no load condition 

                            3. Temperature Rise: Transformers are generally designed to work for 24 

hours with an average ambient temperature of 300 C. Over voltage and over 

current causes an increase of oil temperature which induce failure of 

insulation of transformer winding. 

                             Keywords: IoT (Internet of Things), GSM, Micro controller, Sensors. 

                         
 

  1.1 Requirements of project: 

 

 
 TRANSFORMER  

 OIL LEVEL SENSOR(ULTRASONIC) 

 TEMPERATURE SENSOR (LM35) 

 CURRENT LEVELING 

 VOLTAGE LEVELING 

 ARDUINO UNO 

 SIM MODULE 

 BUZZER 

 POWER CHORD  

 VOLTAGE REGULATOR 

 LCD DISPLAY 
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CHAPTER 2 

 

BLOCK & SCHEMATIC DIAGRAM EXPLINATION 

 Block Diagram: 
 

 

 
FIG 2.1: BLOCK DIAGRAM 
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 Schematic diagram: 

 
 

FIG. 2.2: SCHEMATIC DIAGRAM 
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 Operation: 
 

The aim of this project is to design an IOT based distribution transformer monitoring 

system using microcontroller, in which the transformer is monitored and alert is given in 

faulty conditions  

VOLTAGE SENSOR A voltage sensor is a device that detects the electric voltage (AC 

or DC) in a wire, and generates signal proportional to it. The generated signal could be 

analog voltage or current. It can be utilized to display the measured voltage in a 

voltmeter or can be stored for further analysis in a data acquisition system or can be 

utilized for control purpose.  

CURRENT SENSOR A current sensor is a device which detects electric current in a 

wire, and generates a signal proportional to it. The generated signal can be analog 

voltage or current. It can be then utilized to display the measured current in an ammeter 

or can be stored for further analysis in a data acquisition system and also can be utilized 

for control purpose.  

OIL LEVEL SENSOR Oil level sensor is a device that used to check the oil level in the 

transformer. Due to overheating the oil start to evaporate and the oil level decreases and 

thus this decrease in the oil level may be dangerous to the transformer. Thus this sensor 

indicates the level and we get aware about the level.  

TEMPERATURE SENSOR Temperature sensor vary from simple ON/OFF 

thermostatic devices which control a domestic hot water heating system to highly 

sensitive semiconductor types that can control complex process control furnace plants. 

We remember from our school science classes that the movement of molecules and 

atoms produces heat and the greater the movement, the more heat that is generated. 

Temperature sensors measure the amount of heat energy or even coldness that is 

generated by an object or system, allowing us to “sense” or detect any physical change 

to that temperature producing either an analogue or digital output. 

                  The system makes use of arduino, LCD screen, sim modem for sending data 

and a buzzer. The system is powered by a 12V transformer. The LCD screen is used to 
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display the status of the level of liquid in the containers. Whereas a web page is built to 

show the status to the user monitoring it. The web page gives a graphical view of the 

containers and highlights the liquid level in color in order to show the level of liquid. 

The LCD screen shows the status of the liquid level. The system puts on the buzzer 

when the level of liquid collected crosses the set limit. 
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CHAPTER 3 

ARDUINO UNO CONTROLLER 

 Introduction: 

The Arduino Uno is a microcontroller board based on the ATmega328. It has 14 

digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 

16 MHz ceramic resonator, a USB connection, a power jack, an ICSP header, and a 

reset button. It contains everything needed to support the microcontroller; simply 

connect it to a computer with a USB cable or power it with a AC-to-DC adapter or 

battery to get started. 

The Uno differs from all preceding boards in that it does not use the FTDI USB- 

to-serial driver chip. Instead, it features the Atmega16U2 (Atmega8U2 up to version 

R2) programmed as a USB-to-serial converter. The Uno board has a resistor pulling 

the 8U2 HWB line to ground, making it easier to put into DFU mode. 

 Features: 

      High Performance, Low Power Atmel AVR 8-Bit Microcontroller                     

Family Advanced RISC Architecture 

 131 Powerful Instructions

 Most Single Clock Cycle Execution

 32 x 8 General Purpose Working Registers

 Fully Static Operation

 Up to 20 MIPS Throughput at 20MHz

 On-chip 2-cycle Multiplier

 

                                      High Endurance Non-volatile Memory Segments 

 32KBytes of In-System Self-Programmable Flash program Memory 

 1KBytes EEPROM 

 2KBytes Internal SRAM 

 Write/Erase Cycles: 10,000 Flash/100,000 EEPROM 

http://arduino.cc/en/Hacking/DFUProgramming8U2
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 Data Retention: 20 years at 85°C/100 years at 25°C 

 Optional Boot Code Section with Independent Lock Bits 

 In-System Programming by On-chip Boot Program 

 True Read-While-Write Operation 

 Programming Lock for Software Security. 

 

             Atmel QTouch Library Support 

 Capacitive Touch Buttons, Sliders and Wheels 

 QTouch and QMatrix Acquisition 

 Up to 64 sense channels. 

 

              Peripheral Features 

 Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode 

 One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture 

Mode 

 Real Time Counter with Separate Oscillator 

 Six PWM Channels 

 8-channel 10-bit ADC in TQFP and QFN/MLF package 

 Temperature Measurement 

 6-channel 10-bit ADC in PDIP Package. 

 Temperature Measurement. 

 Two Master/Slave SPI Serial Interface 

 One Programmable Serial USART 

 One Byte-oriented 2-wire Serial Interface. 

 Programmable Watchdog Timer with Separate On-chip Oscillator 

 One On-chip Analog Comparator 
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Interrupt and Wake-up on Pin Change. 

 

Special Microcontroller Features. 

Power-on Reset and Programmable Brown-out Detection 

Internal Calibrated Oscillator 

External and Internal Interrupt Sources 

Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, 

Standby, and 

Extended Standby. 

I/O and Packages 

23 Programmable I/O Lines 

28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF. 

 

Operating Voltage: 

1.8 - 5.5V 

 

Temperatur range 

-40°C to 105°C 

 

Speed Grade: 

0 - 4MHz @ 1.8 - 5.5V 

0 - 10MHz @ 2.7 - 5.5V 

0 - 20MHz @ 4.5 - 5.5V 

 

Power Consumption at 1MHz, 1.8V, 25°C 

Active Mode: 0.2mA 

Power-down Mode: 0.1μA 
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Power-save Mode: 0.75μA (Including 32kHz RTC). 

 

 Arduino Pin Diagram: 
 
 

Fig. 3.1: ARDUINO ATMEGA 328P CONTROLLER 
 

 
 

 
 

 

Fig. 3.2 Pin diagram of Arduino ATMEGA 328P controller 
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 Block diagram: 
 

 
Fig. 3.3: Block diagram of Arduino ATMEGA 328P controller 
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 Description: 

 

Table 3.1: Description of ARDUINO ATMEGA 328P controller 

 

Microcontroller ATmega328 

Operating Voltage 5V 

Input Voltage (recommended) 7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 14 (of which 6 provide PWM output) 

Analog Input Pins 6 

DC Current per I/O Pin 40 mA 

 

 

DC Current for 3.3V Pin 50 mA 

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader 

SRAM 2 KB (ATmega328) 

EEPROM 1 KB (ATmega328) 

Clock Speed 16 MHz 

Length 68.6 mm 

Width 53.4 mm 

Weight 25 g 

 

 Pin description: 

o VCC: Digital supply voltage. 

o GND: Ground 

o Port B (PB[7:0]) XTAL1/XTAL2/TOSC1/TOSC2) 

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected  

for each bit). The Port B output buffers have symmetrical drive characteristics 

with both high sink and source capability.  

o Port C (PC[5:0]) 
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Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The P C[5:0]output buffers have symmetrical drive characteristics with 

both high sink and source capability.  

PC6/RESET 

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the 

electrical characteristics of PC6 differ from those of the other pins of Port C. If the 

RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on 

this pin for longer than the minimum pulse length will generate a Reset, even if 

the clock is not running. Shorter pulses are not guaranteed to generate a Reset. 

o Port D (PD[7:0]) 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected 

for each bit). The Port D output buffers have symmetrical drive characteristics 

with both high sink and source capability. As inputs, Port D pins that are 

externally pulled low will source current if the pull-up resistors are activated. The 

Port D pins are tri-stated when a reset condition becomes active, even if the clock 

is not running. 

o AVcc 

AVcc is the supply voltage pin for the A/D Converter, PC[3:0], and PE[3:2]. It 

should be externally connected to Vcc, even if the ADC is not used. If the ADC is 

used, it should be connected to Vcc through a low-pass filter. Note that PC[6:4] 

use digital supply voltage, Vcc. 

o AREF 

AREF is the analog reference pin for the A/D Converter. 

o ADC[7:6] (TQFP and VFQFN Package Only) 

In the TQFP and VFQFN package, ADC[7:6] serve as analog inputs to the A/D 

converter. These pins are powered from the analog supply and serve as 10-bit 

ADC channels. 

 

The Arduino Uno can be powered via the USB connection or with an external 

power supply. The power source is selected automatically. 

 

External (non-USB) power can come either from an AC-to-DC adapter (wall- 

wart) or battery.  
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 Input and Output: 

 

Each of the 14 digital pins on the Uno can be used as an input or output, using 

pinmode, digital write and digital read functions. They operate at 5 volts. Each pin can 

provide or receive a maximum of 40 mA and has an internal pull-up resistor 

(disconnected by default) of 20-50 kilo Ohms. In addition, some pins have specialized 

functions: 

 

 Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial 

data. These pins are connected to the corresponding pins of the ATmega8U2 

USB-to-TTL Serial chip.

 External Interrupts: 2 and 3. These pins can be configured to trigger an 

interrupt on a low value, a rising or falling edge, or a change in value. See the 

attach Interrupt() function for details.

 PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analog Write() 

function.

 SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI 

communication using the SPI library.

 LED: 13. There is a built-in LED connected to digital pin 13. When the pin is 

HIGH value, the LED is on, when the pin is LOW, it's off.

 

The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of 

resolution (i.e. 1024 different values). By default they measure from ground to 5 volts, 

though is it possible to change the upper end of their range using the AREF pin and the 

analog Reference function. Additionally, some pins have specialized functionality: 

 

 TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using 

the Wire library.

There are a couple of other pins on the board: 

 

 AREF. Reference voltage for the analog inputs. Used with analogReference.

 Reset. Bring this line LOW to reset the microcontroller. Typically used to add a 

http://arduino.cc/en/Reference/AnalogReference
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reset button to shields which block the one on the board.

 

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the 

Atmega8, 168, and 328 is identical. 

 

 Communication: 

 

The Arduino Uno has a number of facilities for communicating with a computer, 

another Arduino, or other microcontrollers. The ATmega328 provides UART TTL (5V) 

serial communication, which is available on digital pins 0 (RX) and 1 (TX).  

 

             USB COM drivers, and no external driver is needed. However, on Windows, a 

.inf file is required. The Arduino software includes a serial monitor which allows simple 

textual  data to be sent to and from the Arduino board. The RX and TX LEDs on the 

board will flash when data is being transmitted via the USB-to-serial chip and USB 

connection to  the computer (but not for serial communication on pins 0 and 1). 

 

 

 

 USB Overcurrent Protection: 

 

The Arduino Uno has a resettable polyfuse that protects your computer's USB 

ports from shorts and overcurrent. Although most computers provide their own internal 

protection, the fuse provides an extra layer of protection. If more than 500 mA is applied 

to the USB port, the fuse will automatically break the connection until the short or 

overload is removed. 

 

 Automatic (Software) Reset: 

 

Rather than requiring a physical press of the reset button before an upload, the 

Arduino Uno is designed in a way that allows it to be reset by software running on a 

connected computer. One of the hardware flow control lines (DTR) of the 

ATmega8U2/16U2 is connected to the reset line of the ATmega328 via a 100 nanofarad 
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capacitor. When this line is asserted (taken low), the reset line drops long enough to reset 

the chip. The Arduino software uses this capability to allow you to upload code by simply 

pressing the upload button in the Arduino environment. This means that the bootloader 

can have a shorter timeout, as the lowering of DTR can be well-coordinated with the start 

of the upload. 

 

This setup has other implications. When the Uno is connected to either a computer 

running Mac OS X or Linux, it resets each time a connection is made to it from software 

(via USB). For the following half-second or so, the bootloader is running on the Uno. 

While it is programmed to ignore malformed data (i.e. anything besides an upload of new 

code), it will intercept the first few bytes of data sent to the board after a connection is 

opened.  

 Physical Characteristics: 

 

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches 

respectively, with the USB connector and power jack extending beyond the former 

dimension. Four screw holes allow the board to be attached to a surface or case. Note that 

the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple of the 

100 mil spacing of the other pins. 
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CHAPTER 4 

SIM GSM MODULE 

The SIM is a complete Quad-band GSM/GPRS solution in a SMT module which 

can be embedded in the customer applications. Featuring an industry-standard interface, 

the SIM delivers GSM/GPRS 850/900/1800/1900MHz performance for voice, SMS, 

Data, and Fax in a small form factor and with low power consumption. With a tiny 

configuration of 24mm x 24mm x 3 mm, SIM900 can fit almost all the space requirements 

in your M2M application, especially for slim and compact demand of design. 

 

 SIM800 is designed with a very powerful single-chip processor integrating 

AMR926EJ-S core.

 Quad - band GSM/GPRS module with a size of 24mmx24mmx3mm.

 SMT type suit for customer application.

 An embedded Powerful TCP/IP protocol stack.

 Based upon mature and field-proven platform, backed up by our support service, 

from definition to design and production.

 

 

 

 

Fig. 4.1: SIM 800 GSM MODULE 
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 SIM  Functional Block diagram: 

 

The fig shows functional diagram of SIM 800: 

 

 The GSM baseband engine 

 Flash 

 The GSM Radio frequency part 

 The antenna interface part 

 The other interfaces. 

 

 

Fig.4.2: SIM Functional Block diagram 

 

 SIM  Key features: 

 

 Dual-Band 800/ 1800 MHz 

 GPRS multi-slot class 10/8GPRS mobile station class B 

 Compliant to GSM phase 2/2+Class 4 (2 W @850/ 900 MHz) 

 Class 1 (1 W @ 1800/1900MHz) 

 Control via AT commands (GSM 07.07 ,07.05 and SIMCOM enhanced AT 
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Commands) 

 Low power consumption: 1.5mA(sleep mode)' 

 Operation temperature: -40°C to +85 °C 

 Status indicator(D5):It will flashes continuously whenever the call arrives otherwise it 

is left ON. 

 Network LED(D6):This led will blink every second which indicates that the GSM 

module is not connected to the mobile network. Once the connection is established 

successfully, the LED will blink continuously every 3 seconds. 

 

 PIN diagram: 

 

 

Fig. 4.3: Pin diagram of SIM 800 GSM Module 
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 Description: 

CHAPTER 5 

SENSORS 

 

OIL LEVEL SENSOR(ULTRASONIC) 

Sensor Features 

 Operating voltage: +5V 

 Theoretical  Measuring Distance: 2cm to 450cm 

 Practical Measuring Distance: 2cm to 80cm 

 Accuracy: 3mm 

 Measuring angle covered: <15° 

 Operating Current: <15mA 

 Operating Frequency: 40Hz 

 

FIG 5.1 ULTRASONIC SENSOR 
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       Working 

As shown above the HC-SR04 Ultrasonic (US) sensor is a 4 pin module, whose pin names are 

Vcc, Trigger, Echo and Ground respectively. This sensor is a very popular sensor used in 

many applications where measuring distance or sensing objects are required. The module has 

two eyes like projects in the front which forms the Ultrasonic transmitter and Receiver. The 

sensor works with the simple high school formula that Distance = Speed × Time 

The Ultrasonic transmitter transmits an ultrasonic wave, this wave travels in air and when it 

gets objected by any material it gets reflected back toward the sensor this reflected wave is 

observed by the Ultrasonic receiver module  

Now, to calculate the distance using the above formulae, we should know the Speed and time. 

Since we are using the Ultrasonic wave we know the universal speed of US wave at room 

conditions which is 330m/s. The circuitry inbuilt on the module will calculate the time taken 

for the US wave to come back and turns on the echo pin high for that same particular amount 

of time, this way we can also know the time taken. Now simply calculate the distance using a 

microcontroller or microprocessor.  

 The following guide is universally since it has to be followed irrespective of the type of 

computational device used. 

  Power the Sensor using a regulated +5V through the Vcc ad Ground pins of the sensor. The 

current consumed by the sensor is less than 15mA and hence can be directly powered by the 

on board 5V pins (If available). The Trigger and the Echo pins are both I/O pins and hence 

they can be connected to I/O pins of the microcontroller. To start the measurement, the trigger 

pin has to be made high for 10uS and then turned off. This action will trigger an ultrasonic 

wave at frequency of 40Hz from the transmitter and the receiver will wait for the wave to 

return. Once the wave is returned after it getting reflected by any object the Echo pin goes 

high for a particular amount of time which will be equal to the time taken for the wave to 

return back to the sensor. 

The amount of time during which the Echo pin stays high is measured by the MCU/MPU as it 

gives the information about the time taken for the wave to return back to the Sensor. Using 

this information the distance is measured as explained in the above heading. 
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TEMPERATURE SENSOR(LM35) 

 LM35 is a temperature measuring device having an analog output voltage proportional to 

the temperature. 

 It provides output voltage in Centigrade (Celsius). It does not require any external 

calibration circuitry. 

 The sensitivity of LM35 is 10 mV/degree Celsius. As temperature increases, output voltage 

also increases. 

            E.g. 250 mV means 25°C. 

 It is a 3-terminal sensor used to measure surrounding temperature ranging from -55 °C to 

150 °C. 

 LM35 gives temperature output which is more precise than thermistor output. 

  

Pin Description 

 

FIG 5.2 pin description of LM 35 temprature sensor 

VCC: Supply Voltage (4V – 30V) 

Out: It gives analog output voltage which is proportional to the temperature (in degree 

Celsius). 

GND: Ground 
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VOLTAGE SENSOR  

A voltage sensor is a device that detects the electric voltage (AC or DC) in a wire, and 

generates signal proportional to it. The generated signal could be analog voltage or current. It 

can be utilized to display the measured voltage in a voltmeter or can be stored for further 

analysis in a data acquisition system or can be utilized for control purpose. 

CURRENT SENSOR  

A current sensor is a device which detects electric current in a wire, and generates a signal 

proportional to it. The generated signal can be analog voltage or current. It can be then 

utilized to display the measured current in an ammeter or can be stored for further analysis in 

a data acquisition system and also can be utilized for control purpose. 
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CHAPTER 6 

Liquid Crystal Display 

In 1968, RCA Laboratories developed the first liquid crystal display (LCD). Since 

then, LCD’s have been implemented on almost all types of digital devices, from watches 

to computer to projection TVs .LCD’s operate as a light “valve”, blocking light or 

allowing it to pass through. An image in an LCD is formed by applying an electric field to 

alter the chemical properties of each LCC (Liquid Crystal Cell) in the display in order to 

change a pixel’s light absorption properties. These LCC’s modify the image produced by 

the backlight into the screen output requested by the controller. Through the end output 

may be in color, the LCC’s are monochrome, and the color is added later through a 

filtering process. Modern laptop computer displays can produce 65,536 simultaneous 

colors at resolution of 800 X 600. 

To understand the operation of an LCD, it is easiest to trace the path of a 

light ray from the backlight to the user. The light source is usually located directly behind 

the LCD, and can use either LED or conventional fluorescent technology. From this 

source, the light ray will pass through a light polarizer to uniformly polarize the light so it 

can be acted upon by the liquid crystal (LC) matrix. The light beam will then pass  

through the LC matrix, which will determine whether this pixel should be “on” or “off”. 

If the pixel is “on”, the liquid crystal cell is electrically activated, and the molecules in the 

liquid will align in a single direction. This will allow the light to pass through unchanged. 

If the pixel is “off”, the electric field is removed  from the liquid, and the molecules with 

in scatter. This dramatically reduces the light that will pass through the display at that 

pixel. 

In a color display, after the light passes through the liquid crystal matrix, it 

passes through a color filter (usually glass). This filter blocks all wavelengths of light 

except those within the range of that pixel. In a typical RGB display, the color filter is 

integrated into the upper glass colored microscopically to render each individual pixel 

red,green or blue. The areas in between the colored pixel filter areas are printed black to 

increase contrast. After a beam of light passes through the color filter, it passes through 

yet another polarizer to sharpen the image and eliminate glare. The image is then 
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available for viewing. 

 

In an AMLCD, each LCC is stimulated individually by a dedicated 

transistor or diode. The two existing AMLCD technologies are Thin Film Transistor 

(TFT) and metal-insulator-metal (MIM). In an MIM display, dedicated diodes are 

fabricated at each pixel. MIM displays, currently being manufactured by Toshiba and 

Seiko-Epson, are not advantageous that TFT displays. 

 INTERFACING LCD TO THE CONTROLLER: 

This is the first interfacing example for the parallel port. We will star with 

something simple. This example does not use the Bi-directional feature found on newer 

ports, thus it should work with most, if no all Parallel Ports. It however does not show the 

use of the status port as an input. So what are we interfacing? A 16 Character X 2 Line 

LCD Module to the Parallel Port. These LCD Modules are very common these days, and 

are quite simple to work with, as all the logic required running them is on board. 

 Features: 

 Interface with either 4-bit or 8-bit microprocessor. 

 Display data RAM 

 8bits (80 characters). 

 Character generator ROM 

 160 different dot-matrix character patterns. 

 Character generator RAM 

 8 different user programmed  dot-matrix patterns. 

 

 Display data RAM and character generator RAM may be 

 Accessed by the microprocessor. 

 Numerous instructions 

 Clear Display, Cursor Home, Display ON/OFF, Cursor 

 ON/OFF, Blink Character, Cursor Shift, Display Shift. 

 Built-in reset circuit is triggered at power ON. 
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Fig. 6.1: General purpose LCD 

 

 

 PIN diagram: 

 

 

Fig. 6.2: Pin diagram of 16*2 display 
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 PIN DESCRIPTION of LCD display: 

Table 6.1: Pin description of LCD Display 

 

 

 

 

In the above table Vcc and Vss are supply pins and VEE (Pin no.3) is used for 

controlling LCD contrast. Pin No.4 is Rs pin for selecting the register, there are two very 

important registers are there in side the LCD. The RS pin is used for their selection as 

follows. If RS=0, the instruction command code register is selected, allowing the user to 

send data to be displayed on the LCD. R/W is a read or writes Pin, which allows the user 

to write information to the LCD or read information from it. R/W=1 when reading 

R/W=0 when writing. The LCD to latch information presented to its data pins uses the 

enable (E) pin. The 8-bit data pins, D0-D7, are used to send information to the LCD or 

read the contents of the LCD’s internal registers. To display letters and numbers, we must 

send ASCII codes for the letters A-Z, and number 0 -9 to these pins while making RS=1. 
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 ABSOLUTE MAXIMUM RATINGS: 

Table 6.2: Electrical absolute maximum ratings 
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CHAPTER 7 

Other Important Components 

 BUZZER: 

A buzzer or beeper is a signaling device, usually electronic, typically used in 

automobiles, household appliances such as a microwave oven, or game shows. It most 

commonly consists of a number of switches or sensors connected to a control unit that 

determines if and which button was pushed or a preset time has lapsed, and usually 

illuminates a light on the appropriate button or control panel, and sounds a warning in the 

form of a continuous or intermittent buzzing or beeping sound. Initially this device was 

based on an electromechanical system which was identical to an electric bell without the 

metal gong (which makes the ringing noise). Often these units were anchored to a wall or 

ceiling and used the ceiling or wall as a sounding board. Another implementation with 

some AC-connected devices was to implement a circuit to make the AC current into a 

noise loud enough to drive a loudspeaker and hook this circuit up to a cheap 8-ohm 

speaker. Now-a-days, it is more popular to  use a ceramic-based piezo-electric sounder 

like a Sonalert which makes a high-pitched tone. Usually these were hooked up to driver” 

circuits which varied the pitch of the sound or pulsed the sound on and off. 

 

VCC 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.1: Buzzer & Driver circuit 
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The circuit is designed to control the buzzer. The buzzer ON and OFF is 

controlled by the pair of switching transistors (BC 547). The buzzer is connected in the 

Q2 transistor collector terminal. When high pulse signal is given to base of the Q1 

transistors, the transistor is conducting and close the collector and emitter terminal so zero 

signals is given to base of the Q2 transistor. Hence Q2 transistor and buzzer  is  turned 

OFF state. When low pulse is given to base of transistor Q1, the transistor is turned OFF. 

Now 12V is given to base of Q2 transistor so the transistor is conducting and buzzer is 

energized and produces the sound signal. 

 

 

 POWER SUPPLY: 

The input a.c. supply is stepped down from 230V to 12-0-12V. The rectifier 

consists of diodes D1 and D2 makes the supply D.C. that is,  unidirectional waveform. 

The output from rectifier is a URDC, whose value is 12.726V peak to peak. The voltage 

regulator makes this URDC to RDC of +5V. The capacitor C1 is used to maintain 

constant voltage between two consecutive positive cycles where as C2 is used to remove 

the fluctuations caused by regulator. Here we are selecting 12.726V as a peak value. 

Because of fluctuations, the peak voltage may decrease, then regulator cannot step up to 

+5V. If we select peak value, a higher one, then the problem can be overcome. 

 

Fig. 7.3: Block diagram of Power Supply 

A regulated power supply which maintains the output voltage constant 

irrespective of a.c. mains fluctuations or load variations is known as regulated power 

supply. A regulated power supply consists of an ordinary power supply and voltage 

regulating device. The output of ordinary power supply is fed to the voltage regulator 

which produces the final output. The output voltage remains constant whether the load 

current changes or there are fluctuations in the input ac. voltage. 

The rectifier converts the transformer secondary ac. voltage into pulsating voltage. 
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The pulsating dc. Voltage is applied to the capacitor filter. This filter reduces the 

pulsations in the rectifier dc. output voltage. Finally, it reduces the variations in the 

filtered output voltage. 

 Transformer: 

 

The transformer is a device that transfers electrical energy from one electrical 

circuit to another electrical circuit through the medium of magnetic field and without a 

change in the frequency. The electric circuit which receives energy from the supply mains 

is called primary winding and the other circuit which delivers electric energy to the load  

is called the secondary winding. 

 

 

Fig. 7.4: Transformer 

 

This is a very useful device, indeed. With it, we can easily multiply or divide 

voltage and current in AC circuits. Indeed, the transformer has made long-distance 

transmission of electric power a practical reality, as AC voltage can be "stepped up" and 

current "stepped down" for reduced wire resistance power losses along power lines 

connecting generating stations with loads. At either end (both the generator and at the 

loads), voltage levels are reduced by transformers for safer operation and less expensive 

equipment. A transformer that increases voltage from primary to secondary (more 

secondary winding turns than primary winding turns) is called a step-up transformer. 

Conversely, a transformer designed to do just the opposite is called a step-down 

transformer. 

This is a step-down transformer, as evidenced by the high turn count of the 

primary winding and the low turn count of the secondary. As a step-down unit, this 
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transformer converts high-voltage, low-current power into low-voltage, high-current 

power. The larger-gauge wire used in the secondary winding is necessary due to the 

increase in current. The primary winding, which doesn't have to conduct as much current, 

may be made of smaller-gauge wire. 

In case you were wondering, it is possible to operate either of these transformer 

types backwards (powering the secondary winding with an AC source and letting the 

primary winding power a load) to perform the opposite function: a step-up can function as 

a step-down and visa-versa. However, as we saw in the first section of this chapter, 

efficient operation of a transformer requires that the individual winding inductances be 

engineered for specific operating ranges of voltage and current, so if a transformer is to be 

used "backwards" like this it must be employed within the original design parameters of 

voltage and current for each winding, lest it prove to be inefficient (or lest it be damaged 

by excessive voltage or current!). 

 7805 Voltage Regulator: 

 

The Digi-lab board can use any power supply that creates a DC voltage between 6 

and 12 volts. A 5V voltage regulator (7805) is used to ensure that no more than 5V is 

delivered to the Digi lab board regardless of the voltage present at the J12 connector 

(provided that voltage is less than 12VDC). The regulator functions by using a diode to 

clamp the output voltage at 5VDC regardless of the input voltage - excess voltage is 

converted to heat and dissipated through the body of the regulator. If a DC supply of 

greater than 12V is used, excessive heat will be generated, and the board may be 

damaged. If a DC supply of less than 5V is used, insufficient voltage will be present at  

the regulators output. 



33  

 

 

 

 

Fig. 7.5: 7805 Voltage Regulator 

 

If a power supply provides a voltage higher than 7 or 8 volts, the regulator must 

dissipate significant heat. The "fin" on the regulator body (the side that protrudes upward 

beyond the main body of the part) helps to dissipate excess heat more efficiently. If the 

board requires higher currents (due to the use of peripheral devices or larger breadboard 

circuits), then the regulator may need to dissipate more heat. In this case, the regulator  

can be secured to the circuit board by fastening it with a screw and nut (see below). By 

securing the regulator tightly to the circuit board, excess heat can be passed to the board 

and then radiated away. 
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 Power Chords: 

Power chords can be traced back to commercial recordings in the 1950s. Robert 

Palmer pointed to electric blues guitarists Willie Johnson and Pat Hare, both of whom 

played for Sun Records in the early 1950s, as the true originators of the power chord, 

citing as evidence Johnson's playing on Howlin' Wolf's "How Many More Years" 

(recorded 1951) and Hare's playing on James Cotton's "Cotton Crop Blue" (recorded 

1954) Scotty Moore opened Elvis  Presley's  1957  hit Jailhouse  Rock with  power 

chords. Link Wray is often cited as the first mainstream rock and roll musician to have 

used power chords, with "Rumble" (recorded 1958). 

Fig. 7.7: Power Chord 

 

The Who's Peter Townshend's "windmill" strumA later hit song built around 

power  chords  was  "You  Really  Got  Me"  by the  Kinks,  released   in 1964.This  

song's riffs exhibit fast power-chord changes. The Who's guitarist, Pete Townshend, 

performed power chords with a theatrical windmill-strum, for example in "My 

Generation" On King  Crimson's Red album, Robert   Fripp thrashed   with   power  

chords Power chords are important in many forms of punk rock music. Many punk 

guitarists used only power chords in their songs, most notably Johnny Ramone and Doyle 

Wolfgang von Frankenstein. 

 

 

 

 

 

 

 

 

 

 

 

 

 
. 
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CHAPTER 8 

SOFTWARE SECTION 

  

CODE USED FOR THE OPERATION 

#include <LiquidCrystal.h> 

LiquidCrystal lcd(7, 6, 5, 4, 3, 2); 

const int trigPin1 = 12,echoPin1 = 11; 

int us1,v,c,t,temp,buz=13,cur; 

void setup() 

{ 

pinMode(buz,OUTPUT); 

Serial.begin(9600); 

lcd.begin(16, 2); 

// Print a message to the LCD. 

lcd.setCursor(0, 0); 

lcd.print("GSM BASED T/F "); 

lcd.setCursor(0, 1); 

lcd.print("MONITORING SYSTM"); 

delay(2000); 

lcd.setCursor(0, 0); 

lcd.print("VOL: C: "); 

lcd.setCursor(0, 1); 

lcd.print("OL: TEMP: "); 

} 

void loop() 

{ 

t=analogRead(A0); 

v=analogRead(A1); 

c=analogRead(A2); 

cur=map(c, 0, 1024, 0,50); 

temp=t*0.488; 

lcd.setCursor(4, 0);lcd.print(v);lcd.print(" "); 
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lcd.setCursor(11, 0);lcd.print(cur);lcd.print(" "); 

//lcd.setCursor(3, 1);lcd.print(c);lcd.print(" "); 

lcd.setCursor(13, 1);lcd.print(temp);lcd.print(" "); 

u1(); 

if(us1>10 ) 

{ 

digitalWrite(buz,HIGH); 

lcd.setCursor(0, 0); 

lcd.print("OIL LEVEL LOW..!"); 

lcd.setCursor(0, 1); 

lcd.print("SMS SENDING....!"); 

SendMessage('1'); 

lcd.setCursor(0, 0); 

lcd.print("VOL: C: "); 

lcd.setCursor(0, 1); 

lcd.print("OL: TEMP: "); 

} 

else if(v>240) 

{ 

digitalWrite(buz,HIGH); 

lcd.setCursor(0, 0); 

lcd.print(" OVER VOLTAGE "); 

lcd.setCursor(0, 1); 

lcd.print("SMS SENDING....!"); 

SendMessage('2'); 

lcd.setCursor(0, 0); 

lcd.print("VOL: C: "); 

lcd.setCursor(0, 1); 

lcd.print("OL: TEMP: "); 

} 

else if(temp>40) 

{ 

digitalWrite(buz,HIGH); 

lcd.setCursor(0, 0); 

lcd.print("T/F TEMP EXCEED!"); 

lcd.setCursor(0, 1); 

lcd.print("SMS SENDING....!"); 
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SendMessage('3'); 

lcd.setCursor(0, 0); 

lcd.print("VOL: C: "); 

lcd.setCursor(0, 1); 

lcd.print("OL: TEMP: "); 

} 

else if(cur>30) 

{ 

digitalWrite(buz,HIGH); 

lcd.setCursor(0, 0); 

lcd.print("OVER CURRENT...!"); 

lcd.setCursor(0, 1); 

lcd.print("SMS SENDING....!"); 

SendMessage('4'); 

lcd.setCursor(0, 0); 

lcd.print("VOL: C: "); 

lcd.setCursor(0, 1); 

lcd.print("OL: TEMP: "); 

} 

else 

{ 

digitalWrite(buz,LOW); 

} 

} 

void beep() 

{ 

digitalWrite(buz,HIGH);delay(150);digitalWrite(buz,LOW);delay(40); 

} 

long microsecondsToInches(long microseconds) 

{ 

return microseconds / 74 / 2; 

} 

long microsecondsToCentimeters(long microseconds) 

{ 

return microseconds / 29 / 2; 

} 

//--------------------------- 
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void u1() 

{ 

long duration1, inches1, cm1; 

pinMode(trigPin1, OUTPUT); 

digitalWrite(trigPin1, LOW); 

delayMicroseconds(2); 

digitalWrite(trigPin1, HIGH); 

delayMicroseconds(10); 

digitalWrite(trigPin1, LOW); 

pinMode(echoPin1, INPUT); 

duration1 = pulseIn(echoPin1, HIGH); 

// convert the time into a distance 

inches1 = microsecondsToInches(duration1); 

cm1 = microsecondsToCentimeters(duration1); 

us1=cm1; 

Serial.print("U1:"); 

Serial.print(cm1); 

Serial.print("cm"); 

Serial.println(""); 

//delay(100); 

lcd.setCursor(3, 1);lcd.print(us1);lcd.print(" "); 

} 

void SendMessage(int ll) 

{ 

if(ll=='1') 

{ 

Serial.println("AT+CMGF=1"); //Sets the GSM Module in Text Mode 

delay(2000); // Delay of 1000 milli seconds or 1 second 

Serial.println("AT+CMGS=\"6303300399\"\r"); // Replace x with mobile number 

delay(2000); 

Serial.println("T/F OIL LEVEL LOW Please TAKE ALERT..!");// The SMS text you want to send 

delay(2000); 

Serial.println((char)26);// ASCII code of CTRL+Z 

delay(2000); 

} 

else if(ll=='2') 

{ 
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Serial.println("AT+CMGF=1"); //Sets the GSM Module in Text Mode 

delay(2000); // Delay of 1000 milli seconds or 1 second 

Serial.println("AT+CMGS=\"6303300399\"\r"); // Replace x with mobile number 

delay(2000); 

Serial.println("OVER VOLTAGE DETECT Please TAKE ALERT..!");// The SMS text you want to 

send 

delay(2000); 

Serial.println((char)26);// ASCII code of CTRL+Z 

delay(2000); 

} 

else if(ll=='3') 

{ 

Serial.println("AT+CMGF=1"); //Sets the GSM Module in Text Mode 

delay(2000); // Delay of 1000 milli seconds or 1 second 

Serial.println("AT+CMGS=\"6303300399\"\r"); // Replace x with mobile number 

delay(2000); 

Serial.println("T/F TRANSFORMER EXCEED Please TAKE ALERT..!");// The SMS text you want 

to send 

delay(2000); 

Serial.println((char)26);// ASCII code of CTRL+Z 

delay(2000); 

} 

else if(ll=='4') 

{ 

Serial.println("AT+CMGF=1"); //Sets the GSM Module in Text Mode 

delay(2000); // Delay of 1000 milli seconds or 1 second 

Serial.println("AT+CMGS=\"6303300399\"\r"); // Replace x with mobile number 

delay(2000); 

Serial.println("OVER CURRENT DETECT Please TAKE ALERT..!");// The SMS text you want to 

send 

delay(2000); 

Serial.println((char)26);// ASCII code of CTRL+Z 

delay(2000); 

} 

} 
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CHAPTER 9 

 

 

  

 Results: 

RESULTS AND CONCLUSION 

                       This system would be eliminating the requirement of human power and 

thus providing efficiency and accuracy. This document will give accurate details of 

transformer. It will help to manage sensing the parameters and gives alert through sim 

module. This paper will also assure the safety and help in decrease in damge of 

transformer &would not result in any harm to the environment and surroundings. 

 

                        FIG 9.1  photograph of the prototype kit 
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 Conclusion: 

 

                                                           The IOT based monitoring of distribution transformer is quite useful 

as compared to manual monitoring and also it is reliable as it is not possible to monitor 

always the oil level, ambient temperature rise ,load current manually. After receiving of 

message of any abnormality we can take action immediately to prevent any objectionable 

failures of distribution transformers. In a power distribution network there are many 

distribution transformers and associating each transformer with such system, we can 

easily figure out that which 40 transformer is undergoing fault from the message sent to 

mobile. We need not have to check all transformers and corresponding phase currents and 

voltages and thus we can recover the system in less time. The time for receiving messages 

may vary due to the public GSM network traffic but still then it is effective than manual 

monitoring. 

 Applications: 

 Distribution Transformer. 

 Industrial Applications. 

 On High Grade Motors. 

 

 Future Scope: 

This project can be extended to control and monitor each and every 

parameter of the distribution transformer as well as every process in the operation of 

transformer. Thus we can monitor and control the distribution transformer 

automatically through IOT technology 
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PROJECT PROFORMA 

 

 

Classification of Project 

Application Product Research Review 

  

 

    

Note: Tick Appropriate category. 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 
PSO 

2 

Outcome 

1 

2 2 3 2 3 3 3 3 2 3 3 2 2 2 

Outcome 

2 

2 2 2 3 2 3 2 2 2 3 3 2 2 2 

Outcome 

3 

3 3 2 2 2 3 2 2 3 2 1 2 3 3 

Outcome 

4 

2 3 3 2 2 2 2 2 3 3 2 2 3 3 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based 

on level of mapping as follows: 

1-Slightly (Low) mapped 2-Moderately (Medium) mapped 3-Substantially (High) mapped 

 

Programme Outcomes: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization for the solution of complex engineering 

problems. 
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2. Problem analysis: Identify, formulate, research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with 

appropriate 

consideration for public health and safety, and cultural, societal, and environmental 

considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, 

and synthesis of t h e information to provide valid conclusions. 

 

Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

Modern engineering and IT tools, including prediction and modeling to complex 

engineering activities, with an understanding of the limitations. 

 

5. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal, and cultural issues and the consequent 

responsibilities relevant to the professional engineering practice. 

 

6. Environment and sustainability: Understand the impact of the professional 

engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, 

and need for sustainable development. 

 

7. Ethics: Apply ethical principles and commit to professional ethics and responsibilities 

and 

norms of the engineering practice. 

 

8. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 
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9. Communication: Communicate effectively on complex engineering activities with 

the 

engineering community and with the society at large, such as, being able to 

comprehend and write effective reports and design documentation, make effective 

presentations, and give and receive clear instructions. 

 

10.Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a 

member and leader in a team, to manage projects and in multidisciplinary 

environments. 

 

11. Life-long learning: Recognizes the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological 

change. 

 

Programme Specific Outcomes(PSO): 

 

1. Apply the knowledge of circuit design, analogy & digital electronics to the field of 

electrical and electronics systems 

 

2. Analyze, design and develop control systems, industrial drives and power systems 

using modern tools. 
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ABSTRACT 

Mostly a two-level inverter is used in order to generate the AC voltage from DC 

voltage. Now the question arises what’s the need of using multilevel inverter when we 

have two-level inverter. A multilevel inverter is a power electronic device which is 

capable of providing desired alternating voltage level at the output using multiple lower 

level DC voltages as an input. There are several topologies of multilevel inverters 

available. The difference lies in the mechanism of switching and the source of input 

voltage to the multilevel inverters. Three most commonly used multilevel inverter 

topologies are: I) Cascaded H-bridge multilevel inverters II) Diode Clamped multilevel 

inverters and  III) Flying Capacitor multilevel inverters.  

 

The most attractive features of a multilevel inverter are as follows: 1)They can 

generate output voltages with extremely low distortion and lower dv/dt. 2) They draw 

input current with very low distortion. 3) They generate smaller common-mode (CM) 

voltage. 4) They can operate with a lower switching frequency. On the other hand there 

are several disadvantages of conventional multilevel topologies, they are (1) Large 

numbers of capacitors are bulky and more expensive than the clamping diodes used in the 

diode-clamped multilevel inverter. (2) Complex control is required to maintain the 

capacitor's voltage balance. (3) Switching utilization and Efficiency are poor for real 

power transmission. To overcome some of these disadvantages a novel topology is 

proposed considering six level output. 

 

In this Project, the modeling of a six level inverter is presented which consists of inner 

flying-capacitor inverter (FCI) units and outer two-level inverter units. The topology can 

reduce the number of devices, components, and isolated sources compared with the 

existing ones in the case of the same number of output voltage steps, which result in a 

reduction of the size and weight of the inverters. Also, the total power loss of the topology 

is lower than that of the diode-clamped inverter (DCI) and FCI.  
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CHAPTER-1 

INTRODUCTION 

1.1 Introduction 

An inverter, also named as power inverter, is an electrical power device which is used to 

convert direct current (DC) into alternating current (AC). Using few control circuits and switches, 

one can get AC at any required voltage and frequency. Inverter plays exactly the opposite role of 

rectifiers as rectifiers are used for converting alternating current (AC) into direct current (DC). There 

are different types of inverters available these days. The inverter is used for emergency backup 

power in a home. The inverter is used in some aircraft systems to convert a portion of the aircraft 

DC power to AC. The AC power is used mainly for electrical devices like lights, radar, radio, motor, 

and other devices. 

Now a day’s many industrial applications have begun to require high power. Some appliances 

in the industries however require medium or low power for their operation. Some medium voltage 

motor drives and utility applications require medium voltage. The multi level inverter has been 

introduced since 1975 as alternative in high power and medium voltage situations. The Multi level 

inverter is like an inverter and it is used for industrial applications as alternative in high power and 

medium voltage situations. 

A multilevel inverter is a power electronic device which is capable of providing desired 

alternating voltage level at the output using multiple lower level DC voltages as an input. Mostly a 

two-level inverter is used in order to generate the AC voltage from DC voltage. Now the question 

arises what’s the need of using multilevel inverter when we have two level inverter. In order to 

answer this question, first we need to look at the concept of multilevel inverter. 
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1.2 Basics of Multilevel Inverter: 

The multilevel voltage source inverter’s unique structure allows them to reach high voltages 

with low harmonics without the use of transformers or series-connected synchronized switching 

devices. The general function of the multilevel inverter is to synthesize a desired voltage from 

several levels of DC voltages. For this reason, multilevel inverters can easily provide the high power 

required of a large electric drive. 

As the number of levels increases, the synthesized output waveform has more steps, which 

produces a staircase wave that approaches a desired waveform. Also, as more steps are added to the 

waveform, the harmonic distortion of the output wave decreases, approaching zero as the number of 

levels increases. The structure of the multilevel inverter is such that no voltage sharing problems are 

encountered by the active devices. Using multilevel inverters as drives for electric motors is a much 

different application than for the utility applications for which they were originally developed.  

Two, Three module inverter drive systems that have used some form of multilevel PWM as a 

means to control the switching of the inverter sections have been investigated in the literature. 

Multilevel PWM has lower than that experienced in some two-level PWM drives because switching 

is between several smaller voltage levels. However, switching losses and Total Harmonic Distortion 

(THD) are still relatively high for these proposed schemes. 

The most attractive features of multilevel inverters are as follows: 

1) They can generate output voltages with extremely low distortion and lower dv/dt. 

2) They draw input current with very low distortion. 

3) They generate smaller common-mode (CM) voltage, thus reducing the stress in 

    the motor bearings. In addition, using sophisticated modulation methods, CM 
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voltages can be eliminated. 

4) They can operate with a lower switching frequency. 

Through manipulation of the cascade inverter, with diodes blocking the sources, the diode- 

clamped multilevel inverter was then derived. The diode-clamped inverter was also called the 

Neutral-Point Clamped (NPC) inverter when it was first used in a three-level inverter in which the 

mid-voltage level was defined as the neutral point. Because the NPC inverter effectively doubles the 

device voltage level without requiring precise voltage matching, the circuit topology prevailed in the 

1980s. The application of the NPC inverter and its extension to multilevel converter was found. 

1.3 Pulse Width Modulation (PWM) :  

Pulse Width Modulation (PWM), is a method of reducing the average power delivered by an 

electrical signal, by effectively chopping it up into discrete parts. The average value 

of voltage (and current) fed to the load is controlled by turning the switch between supply and load 

on and off at a fast rate. The longer the switch is on compared to the off periods, the higher the total 

power supplied to the load. Along with MPPT (maximum power point tracking), it is one of the 

primary methods of reducing the output of solar panels to that which can be utilized by a 

battery.PWM is particularly suited for running inertial loads such as motors, which are not as easily 

affected by this discrete switching, because they have inertia to react slow. The PWM switching 

frequency has to be high enough not to affect the load, which is to say that the resultant waveform 

perceived by the load must be as smooth as possible. 

The rate (or frequency) at which the power supply must switch can vary greatly depending on 

load and application. For example, switching has to be done several times a minute in an electric 

stove; 120 Hz in a lamp dimmer; between a few kilohertz (kHz) and tens of kHz for a motor drive; 

and well into the tens or hundreds of kHz in audio amplifiers and computer power supplies. The 

main advantage of PWM is that power loss in the switching devices is very low. When a switch is 

https://en.wikipedia.org/wiki/Volt
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Electrical_load
https://en.wikipedia.org/wiki/Maximum_power_point_tracking
https://en.wikipedia.org/wiki/Hertz
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off there is practically no current, and when it is on and power is being transferred to the load, there 

is almost no voltage drop across the switch. Power loss, being the product of voltage and current, is 

thus in both cases close to zero. PWM also works well with digital controls, which, because of their 

on/off nature, can easily set the needed duty cycle. PWM has also been used in 

certain communication systems where its duty cycle has been used to convey information over a 

communications channel. 

1.4 Sinusoidal Pulse Width Modulation (SPWM) : 

The voltage source inverter that use PWM switching techniques have a DC input voltage  (VDC 

= VS) that is usually constant in magnitude. The inverter job is to take this DC input and to give AC 

output, where the magnitude and frequency can be controlled. There are several techniques of Pulse 

Width Modulation (PWM).The efficiency parameters of an inverter such as switching losses and 

harmonic reduction are principally depended on the modulation strategies used to control the 

inverter. In this design the Sinusoidal Pulse Width Modulation (SPWM) technique has been used for 

controlling the inverter as it can be directly controlled the inverter output voltage and output 

frequency according to the sine functions. 

Sinusoidal pulse width modulation (SPWM) is widely used in power electronics to digitize the 

power so that a sequence of voltage pulses can be generated by the on and off of the power switches. 

The PWM inverter has been the main choice in power electronic for decades, because of its circuit 

simplicity and rugged control scheme. Sinusoidal Pulse Width Modulation switching technique is 

commonly used in industrial applications or solar electric vehicle applications.  

SPWM techniques are characterized by constant amplitude pulses with different duty cycles for 

each period. The width of these pulses are modulated to obtain inverter output voltage control and to 

reduce its harmonic content. Sinusoidal pulse width modulation is the mostly used method in motor 

control and inverter application. In SPWM technique three sine waves and a high frequency 

triangular carrier wave are used to generate PWM signal. Generally, three sinusoidal waves are used 

https://en.wikipedia.org/wiki/Signalling_(telecommunication)
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for three phase inverter. The sinusoidal waves are called reference signal and they have 1200 phase 

difference with each other. The frequency of these sinusoidal waves is chosen based on the required 

inverter output frequency (50/60 Hz). The carrier triangular wave is usually a high frequency (in 

several KHz) wave.  

The switching signal is generated by comparing the sinusoidal waves with the triangular wave. 

The comparator gives out a pulse when sine voltage is greater than the triangular voltage and this 

pulse is used to trigger the respective inverter switches. In order to avoid undefined switching states 

and undefined AC output line voltages in the VSI, the switches of any leg in the inverter cannot be 

switched off simultaneously. The phase outputs are mutually phase shifted by 1200 angles. The ratio 

between the triangular wave & sine wave must be an integer N, the number of voltage pulses per 

half-cycle, such that, 2N= fc /fs.  

1.5 Organization of Thesis : 

The thesis is organized in to five chapters. The organization of thesis is as follows: 

The Chapter-1 highlights of brief overview, summary of work carried out by various researchers, 

the objective of thesis and the outline of the thesis. 

The Chapter -2 CONCEPT OF MULTI LEVEL INVERTERS 

The Chapter-3 TYPES OF MULTI LEVEL INVERTER 

The Chapter -4 PROPOSED 6 LEVEL HYBRID INVERTER TOPOLOGY 

The Chapter-5 presents a detailed description of the MATLAB/SIMULINK results of a novel 6    

level inverter, with PWM and SPWM modulation techniques.
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                                                   CHAPTER – 2 

                 CONCEPT OF MULTI LEVEL INVERTERS 

 

2.1 Introduction about Inverters: 

Fixed DC power can be converted into AC power at desired output voltage and 

frequency by using a power electronics circuit called an inverter. Switched-mode DC-to- 

AC used in AC motor drives and uninterruptible AC power supplies where the objective 

is to produce a sinusoidal AC output whose magnitude and frequency can be controlled. 

Industrial applications of inverters are for adjustable-speed AC drives, HVDC 

transmission lines etc. DC power inputs that inverters can use are power supply network 

or rotating alternator through a rectifier, fuel cell, or photovoltaic array. 

There are two common types of inverters, 

i. Voltage Source Inverters and 

ii. Current Source Inverters. 

When an inverter has a DC source with a small or negligible resistance, which 

means the Inverter has a stiff DC voltage source at its input terminal, it is called a VSI or 

voltage fed inverter.When the input DC source has high resistance, which means the DC 

source is stiff  DC current source, the inverter is called a CSI or current fed inverter.  

2.2 Overview of Multilevel Inverter and PWM Techniques: 

At first this chapter introduces the basic converter theory of power electronics. 

Then four mostly used multilevel inverter topologies and their basic operations as well as 

their relative advantages and disadvantages are presented. Finally some very simple 

modulation techniques used to control the output voltages of multilevel inverter are 

briefly described. The multilevel power conversion has been receiving increasing 
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attention in the past few years for high power application. Numerous topologies have 

been introduced and studied extensively for utility and drive applications in the recent 

literature. These converters are suitable in high voltage and high power applications due 

to their ability to synthesize waveforms with better harmonic spectrum and attain higher 

voltage with a limited maximum device rating. 

2.3 Conventional Two-Level and Three-Level Voltage Source Inverter : 

Switch-mode DC-AC inverters are used in ac power supplies and AC motor 

drives where the objective is to produce a sinusoidal AC output whose magnitude and 

frequency can both be controlled. Practically, we use an inverter in both single-phase 

and three-phase AC systems. The full-bridge topology is used to synthesize a three-

level square-wave output waveform. The full-bridge configurations of the single-phase 

voltage source inverter are shown in Fig.2.1 respectively. 

Fundamental multilevel converter structures and modulation paradigms are 

discussed including the pros and cons of each technique. Particular concentration is 

addressed in modern and more practical industrial applications of multilevel converters. 

A procedure for calculating the required ratings for the active switches, clamping 

diodes, and DC link capacitors including a design example are described. 

 

        Fig.2.1 :Full-bridge configuration. 
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 In full-bridge configuration, turning on S1 and S4 and turning off S2 and S3 give 

a voltage of VS between point A and B (VAB) in Fig. 2.1, while turning off S1 and S4 and 

turning on S2 and S3 give a voltage of –VS. To generate zero level in a full-bridge 

inverter, the combination can be S1 and S2 on while S3 and S4 off or vice versa. The 

three possible levels referring to above discussion are shown in Table 2.1. 

Table.2.1  Load voltage with corresponding conducting switches 

 

 

  

 Note that S1 and S3 should not be closed at the same time, nor should S2 and S4. 

Otherwise, a short circuit would exist across the DC source. The output waveform full-

bridge of single-phase voltage source inverter are shown in Fig. 2.2 respectively. 

 

 

Conducting Switches Load Voltage VAB 

S1, S4 +VS 

S2, S3 -VS 

S1, S2  or S3, S4 0 
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  Fig.2.2 Output waveform of full-bridge configuration 

A two-level Inverter creates two different voltages for the load i.e. suppose we are 

providing Vdc as an input to a two level inverter then it will provide + Vdc/2 and – Vdc/2 

on output. In order to build an AC voltage, these two newly generated voltages are 

usually switched. For switching mostly PWM is used as shown in the Figure 2.3, 

reference wave is shown in dashed blue line. Although this method of creating AC is 

effective but it has few drawbacks as it creates harmonic distortions in the output voltage 

and also has a high dv/dt as compared to that of a multilevel inverter. Normally this 

method works but in few applications it creates problems particularly those where low 

distortion in the output voltage is required. 

  

                 Fig 2.3: PWM voltage output of a two-level inverter 
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 The concept of multilevel Inverter (MLI) is kind of modification of two-level 

inverter. In multilevel inverters we don’t deal with the two level voltage instead in 

order to create a smoother stepped output waveform, more than two voltage levels are 

combined together and the output waveform obtained in this case has lower dv/dt and 

also lower harmonic distortions. Smoothness of the waveform is proportional to the 

voltage levels, as we increase the voltage level the waveform becomes smoother but 

the complexity of controller circuit and components also increases along with the 

increased levels. The waveform for the three, five and seven level inverters is shown 

in the Figure 2.4 where we clearly see that as the levels are increasing, waveform 

becoming smoother. 

Fig 2.4 : A three-level waveform, a five-level waveform and a seven-level                   

multilevel waveform, switched at fundamental frequency 

2.4 Concept of Pulse Width Modulation: 

 Higher order harmonics in the load current could be easily filtered out using a series 

Inductor. A selected range of lower order harmonics can be reduced or eliminated by 

choosing the number of pulses per half cycle. When number of pulses increases then the 

order of harmonics is also increased and that can be easily eliminated by means of filters. 

 In this method, a fixed AC voltage is given to the converter and controlled DC 

output voltage is obtained by adjusting the ON and OFF periods of the pulses. This is the 

most popular method of controlling the output voltage and this method is termed as pulse 

width modulation control. 
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Advantages of PWM technique: 

i. The output voltage control can be obtained without any additional components. 

ii. Lower order harmonics can be eliminated or minimized along with its output 

voltage control. 

iii. As higher order harmonics can be filtered easily, the filtering requirements are 

minimized. 
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 CHAPTER-3 

   TYPES OF MULTI LEVEL INVERTER 

 

3.1 Multilevel Voltage Source Inverter :  

A multilevel inverter can switch either its input or output nodes (or both) between 

multiple (more than two) levels of voltage or current. The multilevel voltage source 

inverter is recently applied in many industrial applications such as AC power supplies, 

drive systems, etc. One of the significant advantages of multilevel configuration is the 

harmonic reduction in the output waveform without increasing switching frequency or 

decreasing the inverter power output. The output voltage waveform of a multilevel 

inverter is composed of the number of levels of voltages, typically obtained from 

capacitor voltage sources. Generally multilevel starts from three levels. As the number 

of levels reach infinity, the output THD approaches zero. The number of the 

achievable voltage levels, however is limited by voltage unbalance problems, voltage 

clamping requirement, circuit layout, and packaging constraints. 

There are several topologies of multilevel inverters available. The difference lies in 

the mechanism of switching and the source of input voltage to the multilevel inverters. 

Three most commonly used multilevel inverter topologies are:  

 Diode Clamped multilevel inverters 

 Flying Capacitor multilevel inverters 

 Cascaded H-bridge multilevel inverters 

 

3.2 Diode Clamped multilevel inverters :  

     The main concept of this inverter is to use diodes and provides the multiple voltage 

levels through the different phases to the capacitor banks which are in series. A diode 
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transfers a limited amount of voltage, thereby reducing the stress on other electrical 

devices.The maximum output voltage is half of the input DC voltage. It is the main 

drawback of the diode clamped multilevel inverter. This problem can be solved by 

increasing the switches, diodes, capacitors.This type of inverters provides the high 

efficiency because the fundamental frequency used for all the switching devices and it is a 

simple method of the back to back power transfer systems.  

 Diode clamped multilevel inverters use clamping diodes in order to limit the voltage 

stress of power devices. It was first proposed in 1981 by Nabae, Takashi and Akagi and it 

is also known as neutral point converter. A k level diode clamped inverter needs (2k – 2) 

switching devices, (k – 1) input voltage source and (k – 1) (k – 2) diodes in order to 

operate. Vdc is the voltage present across each diode and the switch. Single phase diode 

clamped multilevel inverter is shown in the figure below: 

                         

                          Fig 3.1 : Single phase Six level diode clamped inverter  
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 Output of single phase Diode Clamped inverter can be understood by the 

following figure. Here reference voltage is the negative Vo. Condition 0 means switch is 

OFF and vice versa. Output waveforms of six level dc clamped inverter is shown below 

 

        Fig 3.2: Waveform of Six Level Diode Clamped Inverter 

Applications of Diode Clamped Multilevel Inverters : 

The most common application of diode clamped multilevel inverter is when a high 

voltage Dc and Ac transmission lines are interfaced. This can also be used in variable 

speed control of high power drives. Static variable compensation is also an application of 

diode clamped multilevel inverters. 

Advantages of Diode Clamped Multilevel Inverters : 

1. Capacitance of the capacitors used is low. 

2. Back to back inverters can be used. 

3. Capacitors are pre charged. 

4. At fundamental frequency, efficiency is high. 

Disadvantages of Diode Clamped Multilevel Inverters : 

However, it seems to have many disadvantages, particularly when extended 
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beyond three level topology. Many of these issues in practice limit the diode-clamped 

topology to a maximum of five levels: 

1. Although the transformer can be eliminated, extra components (diodes) are 

required to ensure load current continuity. The number of extra components 

rises sharply as the number of levels increase. 

2. These extra components do not necessarily ensure equal voltage sharing for 

all switches. 

3. Switch utilization is not equal, outer switches receiving a lower average load. 

This becomes particularly apparent as the number of levels increase and the 

modulation depth is small. 

4. Similarly, the power flows to and from the different capacitors in the capacitor 

string are not balanced. 

5. Not all switch states are allowed. The disallowed states must be re-mapped to 

their equivalent allowed states. 

6. Different equivalent states slew the capacitor voltages in different directions. 

This must be used to control the capacitor voltages. For the above reasons, a 

more complicated, dedicated modulation strategy must be used, which has 

been specifically tailored to the topology of the converter. 

3.3  Flying Capacitor multilevel inverters : 

The main concept of this inverter is to use capacitors.It is of series connection of 

capacitor clamped switching cells.The capacitors transfer the limited amount of voltage to 

electrical devices. In this inverter switching states are like in the diode clamped 

inverter.Clamping diodes are not required in this type of multilevel inverters.The output is 

half of the input DC voltage. It is drawback of the flying capacitors multi level inverter. 

The configuration of this inverter topology is quite similar to previous one except 

the difference that here flying capacitors is used in order to limit the voltage instead of 

diodes. The input DC voltages are divided by the capacitors here. The voltage over each 
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capacitor and each switch is Vdc. A k level flying capacitor inverter with (2k – 2) 

switches will use (k – 1) number of capacitors in order to operate. Figure below shows a 

six level flying capacitor multilevel inverter. 

                      

                 Fig 3.3: Single phase Six level flying capacitor inverter 

If we compare above figures, it shows that the number of switches, main diodes 

and DC-bus capacitors are same in both the cases. The only difference between the two 

topologies is that the previous one uses clamping diodes in order to limit the voltage 

while this topology uses flying capacitors for this purpose, and as capacitors are incapable 

of blocking the reverse voltage, which diodes do, the number of switches also increases. 

Voltage on each capacitor is differing from the next as it has a ladder structure. Voltage 

difference between two back to back capacitors determines the voltage in the output 

frame. 
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Advantages of Flying Capacitor Multilevel Inverters : 

The flying capacitor family of converters appears very attractive: 

1. The flying capacitor concept can be applied to a number of different converter 

types - current or voltage source, DC-DC, DC-AC or AC-AC. 

2. Any switch combination is valid and ensures voltage sharing, so long as 

switch pairs receive complementary drive signals. Most modulation strategies 

are easily applied to this topology simply by phase shifting the drive signals. 

3. The voltages of the capacitors are automatically balanced by this conventional 

modulation strategy. If desired, the capacitor voltages can be actively 

controlled by an appropriate modification of the control signals. 

4. The load is by default equally shared among the switches. 

5. The topology is modular and not reliant on a transformer. 

Disadvantages of Flying Capacitor Multilevel Inverters : 

There are some significant disadvantages, which are not at first apparent: 

1. The topology requires a lot of high voltage capacitors — many more than 

other topologies. These capacitors need to conduct the full load current for at 

least part of the switching cycle. Fortunately, if the switch frequency is high, 

these capacitors can usually be relatively small in capacitance value. 

2. Since these capacitors initially have zero voltage across them, starting the 

converter safely may be a non-trivial task. 

3. The topology is not inherently fault tolerant. 
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3.4 Cascaded H-bridge multilevel inverters : 

This inverter uses several H-bridge inverters connected in series to provide a 

sinusoidal output voltage. Each cell contains one H-bridge and the output voltage 

generated by this multilevel inverter is actually the sum of all the voltages generated by 

each cell i.e. if there are k cells in a H-bridge multilevel inverter then number of output 

voltage levels will be 2k+1. This type of inverter has advantage over the other two as it 

requires less number of components as compared to the other two types of inverters and 

so its overall weight and price is also less. Figure 3.4 shows a k level cascaded H-bridge 

inverter. 

In single phase inverter, each phase is connected to single dc source. Each level 

generates hree voltages which are positive, negative and zero. This can be obtained by 

connecting the AC source with the DC output and then using different combinations of 

the four switches. The inverter will remain ON when two switches with the opposite 

positions will remain ON. It will turn OFF when all the inverters switch ON or OFF. To 

minimize the total harmonic distortion, switching angles are defined and implemented. 

The calculations for the measurement of switching angle will remain the same. 

The cascaded H-bride multi level inverter is to use capacitors and switches and 

requires less number of components in each level.This topology consists of series of 

power conversion cells and power can be easily scaled.   
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              Fig 3.4: Single phase Six level Cascaded H-bridge inverter 

The combination of capacitors and switches pair is called an H-bridge and gives 

the separate input DC voltage for each H-bridge. It consists of H-bridge cells and each 

cell can provide the three different voltages like zero, positive DC and negative DC 

voltages.One of the advantages of this type of multi level inverter is that it needs less 

number of components compared with diode clamped and flying capacitor inverters. 

Applications of Cascaded H-bridge Multilevel Inverters : 

 Cascaded H Bridge Multilevel Inverters are mostly used for static var applications 

i.e., in renewable resources’ of energy and battery based applications. Cascaded H Bridge 

Multilevel Inverters can be applied as a delta or wye form. This can be understood by 

looking at the work done by Peng where he used an electrical system parallel with a 

Cascade H Bridge. Here inverter is being controlled by regulating the power factor. Best 

application is when we used as photovoltaic cell or fuel cell. This is the example of 

Parallel connectivity of the H Bridge Multilevel Inverter. 
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 H Bridge can also be used in car batteries to run the electrical components of the 

car. Also this can be used in electrical braking system of the vehicles. 

 Scientist and engineers have also proposed the multiplicative factor on Cascade H 

Bridge Multilevel. It means that rather than using a dc voltage with difference in levels, it 

uses a multiplying factor between different levels of the multilevel i.e., every level is a 

multiplying factor of the previous one. 

Advantages of Cascade H Bridge Multilevel Inverters : 

1. Output voltages levels are doubled the number of sources 

2. Manufacturing can be done easily and quickly 

3. Packaging and Layout is modularized. 

4. Easily controllable with a transformer as shown in the Fig 3.5 

5. Cheap 
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                       Fig 3.5: Cascaded Inverter with transformer  

Disadvantages of Cascade H Bridge Multilevel Inverters : 

1. Every H Bridge needs a separate dc source 

2. Limited applications due to large number of sources 
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                                         CHAPTER – 4 

PROPOSED 6 LEVEL HYBRID INVERTER TOPOLOGY 

4.1 Structure of 6L-HI : 

 A single-phase diagram of the proposed 6L-HI consists of an inner phase-leg of 

three- level FCI and outer upper and lower legs of two-level inverters, which is shown in 

Fig.4.1. A phase leg of the 6L-HI is composed of eight switches and four capacitors, 

among which three capacitors for the common dc-link side are shared by the three phase 

legs of inverter and the other one belongs to each phase leg. To generate the six-level 

output voltage waveform, the 6L-HI requires a different voltage sharing among dc-link 

capacitors. Four switches of Sa1 , Sa1b, Sa2 , and Sa2b have a lower voltage rating of Vdc/5, 

and the other switches of Sa3 , Sa3b , Sa4 , and Sa4b have a higher voltage rating of 2Vdc/5, in 

which all of them have the same current rating. In one leg, there are four complementary 

pairs of switches such as Sa1 and Sa1b , Sa2 and Sa2b , Sa3 and Sa3b , and Sa4 and Sa4b . 

4.2 Operating Principle : 

 It is assumed that the dc-link voltage is constant and all the capacitor voltages are 

well controlled at their reference values.It should be noted that there are two redundant 

switching states for 2Vdc/5 and 3Vdc/5 voltage levels, which affect the flying capacitor 

voltages differently.One switching state charges and the other discharges the flying 

capacitor according to the phase current direction. 

 For example, in the case of the voltage level of 2Vdc/5 and the positive phase 

current, the V2 is used to discharge the flying capacitors. The same effects occur in the 

flying capacitor voltages for the negative current and the voltage level of 3Vdc/5. The 

other switching states of V0 , V1 , V4 , and V5 do not affect the flying capacitor voltage 

since no current flows through the flying capacitor. 
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                 Fig 4.1: Single-phase diagram of the proposed 6L-HI  

                     

             

 

 

                                   

 

 

 



 

24 

 

   Table 4.1: Switching States of Switches 

 

 Table 4.1 lists the switching states of one inverter leg, which consist of eight 

switching states for the six voltage levels with the step of Vdc/5, where “1” and “0” 

indicates the ON and OFF states of the switch, respectively. If Sa1 and Sa2 have the same 

status, these two switches can be controlled by one gating signal. Furthermore, the 

excessive voltage higher than 2Vdc/5 is not applied to Sa3 and Sa4 . According to the 

switching states, the flying capacitor current, iCa, is determined. VAB is the line to line 

voltage which is measured between the output terminals of “phase a” and “phase b”. It is 

noticed that the flying capacitor voltage can be controlled to follow its reference by the 

redundant switching states of six level inverters. 

 

 

 

 

 

Switching 

States 

  VAB Sa1 Sa1b Sa2 Sa2b Sa3 Sa3b Sa4 Sa4b 

      V0     0   0    0   0   1   0   1   0   1 

      V1 Vdc/5   0    0   1   0   0   1   0   1 

      V2 2Vdc/5   0    0   0   1   0   1   1   0 

      V3 3Vdc/5   0     0   1   0   0   1   1   0 

      V4 4Vdc/5   0    1   0   0   1   0   1   0 

      V5   Vdc   1    0   0   0   1   0   1   0 
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  CHAPTER-5 

CONTROL METHODS AND SIMULATION RESULTS 

 

5.1 Modulation Topologies For Multilevel Inverters : 

 Almost all power electronic inverters are operated in the “switched mode”. This 

means the switches within the inverter are always in either one of two states - turned 

off (so no current flows), or saturated (turned on completely, with only a small voltage 

drop across the switch). 

 Any operation in the linear region, other than for the unavoidable transition 

from conducting to non-conducting, incurs an undesirable loss of efficiency and an 

unbearable rise in switch power dissipation. To control the flow of power in the 

inverter, the switches alternate between these two states. This happens rapidly enough 

that the inductors and capacitors at the input and output nodes of the inverter average 

or filter the switched signal. The switched component is attenuated and the desired DC 

or low frequency AC component is retained. This process is called Pulse Width 

Modulation (PWM), since the desired average value is controlled by modulating the 

width of the pulses. 

 To achieve the greatest possible attenuation of the switching component, it is 

generally desirable that the switch frequency fc is high - many times the frequency of 

the desired fundamental AC component f1 seen at the input or output terminals. Two 

requirements which all low pulse number PWM candidates should observe are 

synchronism with the fundamental frequency and quarter and half wave symmetry. 

 Synchronism with the fundamental frequency means ensuring the switching 

frequency fc is an integer multiple of the synthesized fundamental frequency f1. That 

is, the pulse number N=fc/f1 must be an exact integer. The frequency spectrum of the 

PWM waveform will then consist of discrete frequencies at multiples of the 
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fundamental frequency nf1, where n is an integer. Quarter and half wave symmetry 

ensures that no even harmonics will exist in the output spectrum. This can be achieved 

by choosing N odd. An important even harmonic which is eliminated is the DC 

component. 

 No frequency components below the fundamental frequency (commonly 

referred to as sub-harmonics) will exist. This is important since an undesired harmonic 

component near zero frequency, even if small in amplitude, can cause large currents to 

flow in inductive loads. Beyond these basic requirements, there are many different 

ways of generating PWM switching edges. Any technique can probably be placed into 

one of the following three categories: 

1. Off-line or pre-calculated PWM technique 

2. Hysteresis control PWM 

3. Carrier based PWM. 

 

5.2 Off-line or Pre-Calculated PWM Technique : 

 Selective Harmonic Elimination (SHE) and Selective Harmonic Minimization 

(SHM) are two off-line (pre-calculated) non carrier based PWM techniques. SHE was 

proposed in a early paper by Patel and Haft. Accepting first the conditions of quarter 

and half wave symmetry to cancel all even harmonics, the angles of the switching 

edges in the first quarter cycle can be considered variables for optimization. Each 

angle is one degree of freedom. For each degree of freedom, one harmonic may be set 

to zero or any other reasonable desired value. Using Fourier transforms, simultaneous 

equations in these angles are solved given desired values for the fundamental and the 

lowest significant harmonics. These calculations are slow and are done off-line. A 

look up table of edge angles is created which the on-line controller uses to set the edge 

times. 
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 Optimal PWM or Selected Harmonic Elimination PWM (SHE-PWM) seems 

attractive, but cannot react to transients quickly. This is because pulses do not occur at 

fixed intervals, that is, the switch period is not constant. Moving one edge may 

completely upset the optimized spectrum. Closed loop control using SHE/SHM is 

generally limited to cycle by cycle control of the fundamental frequency and 

modulation depth. Some works have been done on closing feedback loops around 

optimized PWM modulators to remove errors when they occur. These techniques 

cannot compensate for distortions due to DC bus ripple, or switching imperfections. 

5.3 Hysteresis Control PWM : 

 A hysteresis band modulator calculates the error between the desired output 

and the measured output. The state of the switches is changed when this error exceeds a 

certain bound (leaves the hysteresis band) so as to drive the error back within that 

bound. This method requires that the controlled output quantity of the inverter is 

integrated either by the load, or as part of the controller. For example, in a voltage 

source hysteresis inverter, the output current (the measured and subsequently 

controlled quantity) will be integrated by an inductive load. 

 This technique has the advantage of bounded, predictable error and fast 

transient response to changes at either the input or the output. It is closed loop by 

nature and demonstrates low distortion. It is simple to implement in its simplest form. 

It has however a number of disadvantages, which limit its usefulness to low power, 

high switching frequency applications. 

 One disadvantage is the variable nature of the switch period. Because of this, the 

output spectrum is continuous and spread to an extent, rather than discrete and grouped 

as with carrier based techniques. Further, the switching instants are not necessarily 

synchronous or cyclic and so sub-harmonics may be present. For these reasons, 

hysteresis control is not applied for low switching frequencies. 
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 One method of eliminating sub-harmonics is to force quarter wave symmetry 

by resetting the error at each zero crossing and forcing a switching, and hence a 

reflection of the pattern, at 90 degrees. This gives discrete spectra without sub-

harmonics. Another technique which limits the variations in switching frequency is to 

modulate the width of the hysteresis band. This places upper and lower limits on the 

switching frequency, but does not address the problem of sub-harmonics. 

 

5.4 Carrier Based PWM Techniques : 

There are many variations of carrier based PWM. 

1. Analog vs digital 

2. Sine-triangle vs space vector 

3. Triangular vs saw tooth carrier 

4. Symmetric vs asymmetric 

5. Uniform sampling vs natural sampling 

6. Periodic vs a-periodic carrier. 

 For the purposes of defining this broad category, carrier based PWM methods 

are those where the switching decisions of the inverter are made for each switching 

cycle either at the beginning or during that switch cycle. That is, the PWM waveform is 

calculated on a cycle by cycle basis, either pulse by pulse, or edge by edge. This 

distinguishes it from SHE and SHM PWM, where multiple switching edges are 

mapped out for the entire fundamental period or some fraction there in; and hysteresis 

PWM, where neither edges nor switch period are defined, calculated or even known in 

advance. 

The unmodulated PWM square wave, sine-saw tooth (single edge carrier) PWM, sine-

triangle (double edge carrier) PWM, Selective Harmonic Elimination (SHE) PWM and 
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Hysteresis PWM.The two basic approaches used to generate the PWM signals for 

multilevel inverters are: 

1. Sub-harmonic or Sub-oscillation carrier based PWM-modulating 

waveform comparison with offset triangular carriers. 

2. Space Vector PWM-space vector modulation based on a rotating vector 

in multilevel space. 

 These are the extensions of traditional two level control strategies to several 

levels. The two main advantages of PWM inverters in comparison to square-wave 

inverters are 

(i) control over output voltage magnitude. 

(ii) Reduction in magnitudes of unwanted harmonic voltages. 

 Good quality output voltage in SPWM requires the modulation index (m) to be 

less than or equal to 1.0. For m>1 (over-modulation), the fundamental voltage 

magnitude increases but at the cost of decreased quality of output waveform. The 

maximum fundamental voltage that the SPWM inverter can output (without resorting 

to over-modulation) is only 78.5% of the fundamental voltage output by square-wave 

inverter. 

 The merits and demerits of these two PWM techniques are compared under 

comparable circuit conditions on the basis of factors like (i) quality of output voltage 

(ii) obtainable magnitude of output voltage (iii) easy of control etc. The peak 

obtainable output voltage from the given input DC voltage is one important Fig of 

merit for the inverter. 

 Considered different methods of disposing the many carrier bands required in 

multilevel PWM. 
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 Four alternative carrier PWM strategies with differing phase relationships for a 

multilevel inverter are as follows: 

1. In-phase disposition (IPD), where all the carriers are in phase- Technique A1; 

2. Phase opposition disposition (POD), where the carriers above the zero 

reference are in phase, but shifted by 180° from those carriers below the 

zero reference- Technique A2; 

3. Alternative phase opposition disposition (APOD), where each carrier 

band is shifted by 180° from the adjacent bands- Technique A3; 

4. Phase Disposition (PD), all the carriers are phase shifted by 

2N/(N1) radians- Technique A4. 

 PD strategy is used most frequently because it produces minimum harmonic 

distortion for the line–to–line output voltage. 

5.5 Pulse Width Modulation (PWM) : 

 Pulse Width Modulation (PWM) controls analog circuits with a microprocessor’s 

digital outputs. In this technique, Digital-to-Analog conversion is not necessary as the 

noise effects are minimized by keeping the signal digital. In PWM technique the energy is 

distributed through a series of pulses rather than a continuously varying (analog) signal. 

By increasing or decreasing pulse width, the energy flow to the motor shaft can be 

controlled. 
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                    Fig.5.1: Pulse Width Modulation (PWM) Waveforms 

          

 Fig.5.1 above shows Pulse Width Modulation Waveforms with different duty 

cycles. The proportion of time that the pulse is ‘ON’ or ‘High’ is called the Duty Cycle. 

 

It is expressed as a percentage using the equation: 

Duty Cycle = 100% * (Pulse on Time) / (Pulse Period) 

         TON 

Duty Cycle  =      ______________  * 100   

          TON + TOFF 

Period = TON + TOFF 

 The ‘average’ voltage can be controlled by varying the width of the positive pulse. 

By varying or ‘modulating’ the Time that the output is “ON” we can modify the average 

voltage. The average value depends on the duty cycle. Smaller the “ON” time, lesser is 

the average value and similarly larger the “ON” time, higher is the average value. 
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       Fig. 5.2: PWM Waveform with 50% duty cycle and 10KHz Frequency 

 

 

 Simulation Results : 

 Simulation model of 6 Level hybrid inverter consisting of two single phase 

circuits has been developed. One circuit is used to generate the positive cycle of the 

inverter output voltage while the other circuit is used to generate the negative cycle of the 

inverter output voltage.The two circuits will not operate simultaneously. Second circuit 

will be in off position while generating the positive cycle of the output voltage and vice 

versa. 

 

 The gating pulses of each switch is generated by using two (PWM and SPWM) 

methods. In both the methods, the sequence used is same which is shown in table 4.1 The 

gating pulses of each switch is different based on the sequence mentioned in the table 4.1. 

The gating pulse of one of the switch (Sa1) in PWM and SPWM are shown in fig 5.5 and 

5.10 respectively. 
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                                    Fig 5.3: Power Circuit of 6 Level Hybrid Inverter 

 

 

Fig 5.4: PWM Triggering Circuit 

 Fig 5.4 shows the triggering circuit of the switch Sa1 in PWM method. In this 

method, A square wave of 10KHz frequency is generated by using pulse generator in the 

simulink library. The generated signal is transformed based on the switching sequence of 

the switch by using some functional blocks in the simulink library. The final triggering 



 

34 

 

pulse which is given to the switch is shown in the fig 5.5 The inverter output by using 

PWM technique is as shown in the fig 5.6 

 

          Fig 5.5: Triggering Pulses of one of the switch (Sa1) by PWM method 

 

Fig 5.6: Line to Line Output Voltage (VAB) by PWM method 



 

35 

 

5.6 Sine Pulse Width Modulation (SPWM): 

 The term SPWM stands for “Sinusoidal pulse width modulation” is a technique of  

pulse width modulation used in inverters. An inverter generates an output of AC voltage 

from an input of DC with the help of switching circuits to reproduce a sine wave by 

generating one or more square pulses of voltage per half cycle. If the size of the pulses is 

adjusted, the output is said to be pulse width modulated. With this modulation, some 

pulses are produced per half cycle. The pulses close to the ends of the half cycle are 

constantly narrower than the pulses close to the center of the half cycle such that the pulse 

widths are comparative to the equivalent amplitude of a sine wave at that part of the 

cycle. To change the efficient output voltage, the widths of all pulses are amplified or 

reduced while keeping the sinusoidal proportionality. With PWM (pulse width 

modulation), only the on-time of the pulses are changed during the amplitudes. 

 

           Fig 5.7: Generation of triggering Pulses using SPWM technique 

 One of the methods used to reduce the low frequency harmonics in 

the inverter waveform is sinusoidal pulse-width modulation. In this method, a reference 

copy of the desired sinusoidal waveform, the modulating wave, is compared to a much 

higher frequency sawtooth waveform, called the carrier wave. The resulting drive signals 

cause multiple turn-on of the inverter switches in each half-cycle with variable pulse 

https://www.sciencedirect.com/topics/computer-science/harmonic-frequency
https://www.sciencedirect.com/topics/engineering/inverter
https://www.sciencedirect.com/topics/physics-and-astronomy/waveforms
https://www.sciencedirect.com/topics/computer-science/pulse-width-modulation
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width to produce a quasi-sine wave of load voltage. The pulse width increases from a 

very narrow width at the start of each cycle to a maximum width in the middle of each 

cycle. Then the pulse width reduces again after maximum until its minimum width at the 

end of the half-cycle period. 

 Typically in the comparator when the sine wave voltage exceeds the sawtooth 

wave voltage, the triggering signal is 1, and when the triangular wave voltage exceeds the 

sine wave voltage, the triggering signal is 0. 

 

 

 

Simulation Results : 

 

                          Fig 5.8: Power Circuit of 6 Level Hybrid Inverter  

                                       Fig 5.9: SPWM Triggering Circuit 

  

https://www.sciencedirect.com/topics/engineering/load-voltage
https://www.sciencedirect.com/topics/physics-and-astronomy/sine-waves
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 SPWM technique is an extension to the PWM technique. Instead of generating the 

gating pulse by using the pulse generator, the gating pulse is generated by comparing the 

sine wave with the sawtooth waveform. The gating pulses for the remaining switches is 

different based on their switching sequence. The inverter output voltage by using SPWM 

method is as shown in fig 5.11 

 

 

          Fig 5.10: Triggering Pulses of one of the switch (Sa1) by SPWM method 

Fig 5.11: Line to Line Output Voltage (VAB) by SPWM method 

 

https://electricalfundablog.com/wp-content/uploads/2019/05/PWM-Waveforms-1.png
https://electricalfundablog.com/wp-content/uploads/2019/05/PWM-Waveforms-1.png
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CHAPTER-6 

LIMITATIONS 

 If the Switching frequency of the power electronic  switches is increased,the 

inverter will not work efficiently since the switching frequency of IGBT is less when 

compared with the switching frequency of power MOSFET. For the same ratings of the 

switches the switching frequency of IGBT is lesser than the switching frequency of 

MOSFET.The  disadvantage of using MOSFET’s in the presented topology is MOSFET’s 

will not bear high voltages.For medium and high voltage applications IGBT’s are 

preferred over MOSFET’s 

. The presented inverter topology is not self controlled since it is an open loop control 

system i.e, there is no feedback path from output to input of the inverter.As the 

presented topology consists of capacitors, the voltage balancing across the capacitor is 

practically not accurate since there exist switching losses across each switch. 

Generally in inverter circuits the type of capacitors used are electrolytic. Electrolytic 

capacitors are costlier increasing the cost of the inverter. But when compared with the 

conventional multilevel inverter topologies,the presented 6L-HI topology has the 

reduced number of capacitors. 
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CHAPTER-7 

CONCLUSION 

 The modeling of a six level inverter is presented which consists of inner flying-

capacitor inverter (FCI) units and outer two-level inverter units. The topology can reduce 

the number of devices, components, and isolated sources compared with the existing ones 

in the case of the same number of output voltage steps, which result in a reduction of the 

size and weight of the inverters. Also, the total power loss of the topology is lower than 

that of the diode-clamped inverter (DCI) and Flying Capacitor Inverter (FCI). 

  The reduction in number of components and total power loss are some of the 

advantages of the proposed topology over the existing topologies. The disadvantage of 

the proposed topology is that, for the single phase line to line output voltage two single 

phase circuits are required resulting the complexity of the circuit. In this project, 

simulation of a novel six level hybrid inverter topology is discussed. Finally  simulink 

models of a novel six level inverter topology using PWM and SPWM techniques are 

developed and simulation results are presented. By comparing the simulation results with 

the existing topologies it is concluded that, the presented inverter topology has many 

advantages. 

Future  Scope: 

 Day by day the usage of the Multilevel Inverters in industrial purpose & 

commercial purpose increasing due to its attractive features like they can convert DC 

to AC with low distortion.Hence the responsibility of an electrical engineer is to 

design an  inverter with reliability. As an extinction of this project we can design a 

new topology in which, in case of failure (short circuit) of any one of the switch in the 

inverter circuit, by keeping the remaining operation of the circuit uninterrupted.  By 

doing so there may be fluctuations of the output voltage which is better than the failure 

of whole inverter. 
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Classification  of Project 

Application Product Research Review 

  
   

Note: Tick Appropriate category.  

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1 3 2 3 3 2 2 1 2 2 2 3 2 2 3 

Outcome 2 3 2 2 2 2 2 2 3 3 3 1 3 3 3 

Outcome 3 2 2 2 2 3 2 2 2 3 1 1 2 2 2 

Outcome 4 3 3 2 2 2 2 1 2 3 1 1 2 2 2 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

  on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) 

mapped 
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Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering        

    problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

     engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with    

     appropriate consideration for public health and safety, and cultural, societal, and    

     environmental considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of t h e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional 

     engineering solutions in societal and environmental contexts, and  demonstrate the  

      knowledge of, and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities   

    and norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with  

     the engineering community and with the society at large, such as, being able to  

     comprehend and write effective reports and design documentation, make effective  

     presentations, and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the  
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     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to              

     engage in independent and life-long learning in the broadest context of technological                       

     change. 

 

Programme Specific Outcomes(PSO): 

1. Apply the knowledge of circuit design, analogy & digital electronics to the field of 

electrical and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems 

using modern tools.  
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ABSTRACT

Now a day’s finding power theft from the power transmission lines by 
using hooks is very difficult for concern authorities. Random checkup by the 
linemen at different areas, and it is very difficult to find loop wires, bypass lines 
at the energy meter.

 
So we developed this project to easily find the illegal usage of power and 

detect where the power theft occurred.

So we implemented the system that raises an alarm, display and GSM 
Module that power theft area of the distribution transformers at sub station by 
calculating the real consumption power by the energy meter and the main 
power at distribution transformer. That means the real consumption of all uses 
must be equals to the power deliver by the transformer.

iii



CHAPTER 1

INTRODUCTION

Electricity is one of the greatest technological innovations of mankind. It has now
become a part of our life and one cannot think of a world without electricity. Electricity is
now an important  part  of  homes  and industries.  Almost  all  the  devices  at  home and
industries running because of electricity. Electricity is needed to be protected for efficient
power delivery to the consumer. Generation, transmission, and distribution of electrical
energy involve many operational losses. There are two types of losses technical and non-
technical losses overall technical losses occur naturally and are caused because of power
dissipation  in  transmission  lines,  transformers,  and  other  power  system  components.
Technical losses in transmission and distributions computed with the information about
total  load  and  the  total  energy  billed.  While  nontechnical  losses  cannot  be  precisely
computed, but it can be estimated from the difference between the total energy supplied
to the customers and the total energy billed. Moreover, non-technical losses are illegal
utilization of power by electricity consumers. Electricity theft has emerged as a serious
problem in  power  sectors  especially  in  the  developing  countries.  A huge  amount  of
revenue  is  lost  due  to  electricity  theft.  In  some  countries,  this  is  so  severe  that
governments are incurring losses instead of revenue. In some cases, government has to
provide subsidies to the power sector to maintain a reasonable price of electricity. The
financial loss results in shortage of funds for investments to expand the existing power
capacity and as a result government is failing to satisfy the ever-increasing demand for
electricity. 

A design  of  electricity  theft  monitoring  system saves  time  as  well  as  help  to
maximize profit margin for utility company working in an electrical distribution network.
The utility company can keep a constant eye on its costumer. This project provides an
overview of a GSM based efficient and effective Power Management. Now a day the
problem of electricity theft has increased in rural areas and in industrial parks. Also, these
thefts are quite noticeable in urban houses too. As a solution to this problem, an electronic
system that can control this is of great requirement.  This project adds a new security
measure to such type of electricity theft control. The design is compact enough to setup
this system in houses and industries. The main objectives of the projects are as follows: 
(a) To design a power supply circuit for current and voltage measurement/sensing circuit
(b) To design and implement GSM based power theft control system to notify the power
theft for electricity utility power supplier via SMS message

1.1 Overview of Project.
Problem Area: 

Now a days finding power theft from the power transmission lines by using hooks
is very difficult for concern authorities
Existing system: 

Random checkup by the linemen at different areas, and it is very difficult to find
loop wires, bypass lines at the energy meter.
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Proposed system: 
We have implemented the system that raises an alarm and displays the power theft

area of the distribution transformer at substation by calculating the real consuming power
by the energy meter and the main power at the distribution transformer. That means the
real  consumption  of  all  users  must  be  equals  to  the  total  power  delivered  by  the
transformer.  The  difference  must  be  analyzed  by  the  controller  by  calculating  both
powers. If the difference is within+-2 to 3% variation (transmission losses are concerned)
the  system raises  no error  otherwise  it  will  generates  error  with an  alarm and sends
message along with transformer location information.

The project is designed with ARDUINO ATMEGA 328P CONTROLLER,GSM
MODULE,LCD  display,  voltage  transformer,  current  transformer  etc.  Here  for  the
practical  purpose we have to take transformers,  source energy meter,  household load,
energy meter for measuring real loads along with wired link. If we need we may go for
wireless communication between energy meter at the source (distribution transformer)
and energy meters at the load 

At present nobody is using this particular process in India. It is a useful project for
avoiding power thefts due to this we may save revenue around 5 to 10%. In future we
may extend the same thing. Information is directly send to PC or to concern authority via
GSM link in the form of SMS.

1.2Requirements of project:

 ARDUINO ATMEGA 328P CONTROLLER.

 SIM 900 GSM MODULE .

 APR33A3 VOICE MODULE.

 LCD DIPLAY.

 BUZZER & DRIVER CIRCUIT.

 LED & DRIVER CIRCUIT. 

 POWER SUPPLY.

 TRNSFORMER

 7805 VOLTAGE REGULATOR

 SPEAKER

 POWER CHORDS

2



CHAPTER 2

BLOCK & SCHEMATIC DIAGRAM EXPLINATION

2.1Block Diagram:

Fig. 2.1: Block diagram 

3



2.2 Schematic diagram:

Fig. 2.2: Schematic diagram 

2.3 Operation:

The operation of the equipment mainly depends on the commands given to it from

the control centre which is a personnel computer here. After connecting the equipment to

the power supply the micro controller waits for the instruction from the operator through

the  computer.   After  receiving  the  instructions  of  operating  limits  of  voltage  and

temperature the microcontroller reads the data and stores it in the registers .The values of

voltage and temperature are sensed through the sensing devices- potential transformer and

thermistor. These values are checked with the values in the registers continuously.
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(a)UNDER NORMAL CONDITION:

The voltage and temperature are within the operating limits; the micro controller

continuously reads the data, displays it in the PC (control center) and saves the real time

data in the data base for future references. 

(b)UNDER ABNORMAL CONDITION:

Whenever the voltage goes beyond the operating limits due to any faults on either

source  side  or  load  side,  then  the  controller  raises  the  alarm and alerts  the  operator

through an alert signal and trips the circuit  with no time delay in order to protect the

equipment  with  out  operator  intervention  .This  system gives  two separate  signals  for

abnormal conditions i.e., one for above the range and one for below the range set by the

operator.  Due to the variation of the atmospheric conditions, the temperature varies and

the variation of temperature in power system is not appreciated even to a little extent in

order to protect the system from collapsing .If the temperature of the equipment beyond

the  operating  range  the  microcontroller  automatically  drives  the  fan  to  limit  the

temperature.  Then  the  temperature  become  to  its  original  state.  All  the  variations  of

voltage  and temperature  during  these  conditions  also  monitored  and displayed in  the

computer  to  give information  to  the operator  about  the situation  occurred.  For  future

analysis the information regarding to the parameters voltage and temperature are stored in

the computer.
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CHAPTER 3

ARDUINO ATMEGA 328P CONTROLLER

3.1 Introduction:

The Arduino Uno is a microcontroller board based on the ATmega328. It has 14

digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a

16 MHz ceramic resonator, a USB connection, a power jack, an ICSP header, and a

reset  button.  It  contains  everything needed  to support  the  microcontroller;  simply

connect it to a computer with a USB cable or power it with a AC-to-DC adapter or

battery to get started. 

The Uno differs from all preceding boards in that it does not use the FTDI USB-

to-serial driver chip. Instead, it features the Atmega16U2 (Atmega8U2 up to version

R2) programmed as a USB-to-serial converter. The Uno board has a resistor pulling

the 8U2 HWB line to ground, making it easier to put into DFU mode.

3.2 Features:

High Performance, Low Power Atmel AVR 8-Bit Microcontroller Family

Advanced RISC Architecture

 131 Powerful Instructions

 Most Single Clock Cycle Execution

 32 x 8 General Purpose Working Registers

 Fully Static Operation

 Up to 20 MIPS Throughput at 20MHz

 On-chip 2-cycle Multiplier

High Endurance Non-volatile Memory Segments

 32KBytes of In-System Self-Programmable Flash program Memory

 1KBytes EEPROM

 2KBytes Internal SRAM

 Write/Erase Cycles: 10,000 Flash/100,000 EEPROM

 Data Retention: 20 years at 85°C/100 years at 25°C

 Optional Boot Code Section with Independent Lock Bits

• In-System Programming by On-chip Boot Program
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• True Read-While-Write Operation

 Programming Lock for Software Security.

Atmel QTouch Library Support

 Capacitive Touch Buttons, Sliders and Wheels

 QTouch and QMatrix Acquisition

 Up to 64 sense channels.

Peripheral Features

 Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode

 One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture

Mode

 Real Time Counter with Separate Oscillator

 Six PWM Channels

 8-channel 10-bit ADC in TQFP and QFN/MLF package

• Temperature Measurement

 6-channel 10-bit ADC in PDIP Package.

• Temperature Measurement.

 Two Master/Slave SPI Serial Interface

 One Programmable Serial USART

 One Byte-oriented 2-wire Serial Interface.

 Programmable Watchdog Timer with Separate On-chip Oscillator

 One On-chip Analog Comparator

 Interrupt and Wake-up on Pin Change.

Special Microcontroller Features.

 Power-on Reset and Programmable Brown-out Detection

 Internal Calibrated Oscillator

 External and Internal Interrupt Sources

 Six  Sleep  Modes:  Idle,  ADC  Noise  Reduction,  Power-save,  Power-down,

Standby, and

 Extended Standby.

I/O and Packages

7



 23 Programmable I/O Lines

 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF.

Operating Voltage:

 1.8 - 5.5V

Temperature Range:

 -40°C to 105°C

Speed Grade:

 0 - 4MHz @ 1.8 - 5.5V

 0 - 10MHz @ 2.7 - 5.5V

 0 - 20MHz @ 4.5 - 5.5V

Power Consumption at 1MHz, 1.8V, 25°C

 Active Mode: 0.2mA

 Power-down Mode: 0.1μA

 Power-save Mode: 0.75μA (Including 32kHz RTC).

3.3 Arduino Pin Diagram:

Fig. 3.1: ARDUINO ATMEGA 328P CONTROLLER
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Fig. 3.2 Pin diagram of Arduino ATMEGA 328P controller

3.4 Block diagram:

Fig. 3.3: Block diagram of Arduino ATMEGA 328P controller
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3.5 Description:

Table 3.1: Description of ARDUINO ATMEGA 328P controller

Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA
Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)
Clock Speed 16 MHz
Length 68.6 mm
Width 53.4 mm
Weight 25 g

3.6 Pin description:
o VCC: Digital supply voltage.

o GND: Ground

o Port B (PB[7:0]) XTAL1/XTAL2/TOSC1/TOSC2)

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected
for each bit).  The Port B output buffers have symmetrical  drive characteristics
with  both  high  sink  and  source  capability.  As  inputs,  Port  B  pins  that  are
externally pulled low will source current if the pull-up resistors are activated. The
PortB pins are tri-stated when a reset condition becomes active, even if the clock
is not running.

o Port C (PC[5:0])

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for
each bit). The P C[5:0]output buffers have symmetrical drive characteristics with
both high sink and source capability. As inputs, Port C pins that are externally
pulled low will source current if the pull-up resistors are activated. The PortC pins
are  tri-stated  when a  reset  condition  becomes  active,  even  if  the  clock  is  not
running

.
o PC6/RESET
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If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the
electrical characteristics of PC6 differ from those of the other pins of Port C. If the
RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on
this pin for longer than the minimum pulse length will generate a Reset, even if
the clock is not running. Shorter pulses are not guaranteed to generate a Reset.

o Port D (PD[7:0])

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected
for each bit).  The Port D output buffers have symmetrical drive characteristics
with  both  high  sink  and  source  capability.  As  inputs,  Port  D  pins  that  are
externally pulled low will source current if the pull-up resistors are activated. The
Port D pins are tri-stated when a reset condition becomes active, even if the clock
is not running.

o AVcc

AVcc is the supply voltage pin for the A/D Converter, PC[3:0], and PE[3:2]. It
should be externally connected to Vcc, even if the ADC is not used. If the ADC is
used, it should be connected to Vcc through a low-pass filter. Note that PC[6:4]
use digital supply voltage, Vcc.

o AREF

AREF is the analog reference pin for the A/D Converter.
o ADC[7:6] (TQFP and VFQFN Package Only)

In the TQFP and VFQFN package, ADC[7:6] serve as analog inputs to the A/D
converter.  These pins are powered from the analog supply and serve as 10-bit
ADC channels.

The Arduino Uno can be powered via the USB connection or with an external
power supply. The power source is selected automatically. 

External  (non-USB) power can  come either  from an AC-to-DC adapter  (wall-
wart) or battery. The adapter can be connected by plugging a 2.1mm center-positive plug
into the board's power jack. Leads from a battery can be inserted in the Gnd and Vin pin
headers of the POWER connector. 

The board can operate on an external supply of 6 to 20 volts. If supplied with less
than 7V, however,  the 5V pin may supply less than five volts  and the board may be
unstable. If using more than 12V, the voltage regulator may overheat and damage the
board. The recommended range is 7 to 12 volts. 

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2
KB of SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM
library). 
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3.7 Input and Output:

Each of the 14 digital  pins on the Uno can be used as  an input  or output,  using
pinmode, digital write and digital read functions. They operate at 5 volts. Each pin can
provide  or  receive  a  maximum  of  40  mA  and  has  an  internal  pull-up  resistor
(disconnected by default) of 20-50 kilo Ohms. In addition, some pins have specialized
functions: 

 Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial
data.  These  pins  are  connected  to  the  corresponding pins  of  the  ATmega8U2
USB-to-TTL Serial chip. 

 External  Interrupts:  2  and  3. These  pins  can  be  configured  to  trigger  an
interrupt on a low value, a rising or falling edge, or a change in value. See the
attach Interrupt() function for details. 

 PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analog Write()
function. 

 SPI:  10  (SS),  11  (MOSI),  12  (MISO),  13  (SCK). These  pins  support  SPI
communication using the SPI library. 

 LED: 13. There is a built-in LED connected to digital pin 13. When the pin is
HIGH value, the LED is on, when the pin is LOW, it's off. 

The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of
resolution (i.e. 1024 different values). By default they measure from ground to 5 volts,
though is it possible to change the upper end of their range using the AREF pin and the
analog Reference function. Additionally, some pins have specialized functionality: 

 TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using
the Wire library. 

There are a couple of other pins on the board: 

 AREF. Reference voltage for the analog inputs. Used with analogReference. 
 Reset. Bring this line LOW to reset the microcontroller. Typically used to add a

reset button to shields which block the one on the board. 

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the
Atmega8, 168, and 328 is identical. 

3.8 Communication:

The Arduino Uno has a number of facilities for communicating with a computer,
another Arduino, or other microcontrollers. The ATmega328 provides UART TTL (5V)
serial  communication,  which  is  available  on  digital  pins  0  (RX)  and  1  (TX).  An
ATmega16U2 on the board channels this serial communication over USB and appears as
a virtual com port to software on the computer. The '16U2 firmware uses the standard

12
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USB COM drivers, and no external driver is needed. However, on Windows, a .inf file is
required. The Arduino software includes a serial  monitor which allows simple textual
data to be sent to and from the Arduino board. The RX and TX LEDs on the board will
flash when data is being transmitted via the USB-to-serial chip and USB connection to
the computer (but not for serial communication on pins 0 and 1). 

3.9 USB Overcurrent Protection:

The Arduino Uno has a resettable  polyfuse that protects your computer's  USB
ports from shorts and overcurrent. Although most computers provide their own internal
protection, the fuse provides an extra layer of protection. If more than 500 mA is applied
to  the  USB port,  the  fuse  will  automatically  break  the  connection  until  the  short  or
overload is removed. 

3.10 Automatic (Software) Reset:

Rather than requiring a physical press of the reset button before an upload, the
Arduino Uno is designed in a way that allows it to be reset by software running on a
connected  computer.  One  of  the  hardware  flow  control  lines  (DTR)  of  the
ATmega8U2/16U2 is connected to the reset line of the ATmega328 via a 100 nanofarad
capacitor. When this line is asserted (taken low), the reset line drops long enough to reset
the chip. The Arduino software uses this capability to allow you to upload code by simply
pressing the upload button in the Arduino environment. This means that the bootloader
can have a shorter timeout, as the lowering of DTR can be well-coordinated with the start
of the upload. 

This setup has other implications. When the Uno is connected to either a computer
running Mac OS X or Linux, it resets each time a connection is made to it from software
(via USB). For the following half-second or so, the bootloader is running on the Uno.
While it is programmed to ignore malformed data (i.e. anything besides an upload of new
code), it will intercept the first few bytes of data sent to the board after a connection is
opened. If a sketch running on the board receives one-time configuration or other data
when it  first  starts,  make sure that  the  software  with which it  communicates  waits  a
second after opening the connection and before sending this data. 

The Uno contains a trace that can be cut to disable the auto-reset. The pads on
either side of the trace can be soldered together to re-enable it. It's labeled "RESET-EN".
You may also be able to disable the auto-reset by connecting a 110 ohm resistor from 5V
to the reset line; see this forum thread for details. 
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3.11 Physical Characteristics:

The  maximum  length  and  width  of  the  Uno  PCB  are  2.7  and  2.1  inches
respectively,  with  the  USB  connector  and  power  jack  extending  beyond  the  former
dimension. Four screw holes allow the board to be attached to a surface or case. Note that
the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple of the
100 mil spacing of the other pins. 
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CHAPTER 4

SIM 900 GSM MODULE

The SIM900 is a complete Quad-band GSM/GPRS solution in a SMT module
which  can  be  embedded  in  the  customer  applications.  Featuring  an  industry-standard
interface,  the  SIM900  delivers  GSM/GPRS  850/900/1800/1900MHz  performance  for
voice, SMS, Data, and Fax in a small form factor and with low power consumption. With
a tiny configuration of 24mm x 24mm x 3 mm, SIM900 can fit  almost  all  the space
requirements  in  your  M2M  application,  especially  for  slim  and  compact  demand  of
design.

 SIM900 is designed with a very powerful single-chip processor integrating 
AMR926EJ-S core.

 Quad - band GSM/GPRS module with a size of 24mmx24mmx3mm.

 SMT type suit for customer application.

 An embedded Powerful TCP/IP protocol stack.

 Based upon mature and field-proven platform, backed up by our support service, 
from definition to design and production.

Fig. 4.1: SIM 900 GSM MODULE

4.1 SIM 900 Functional Block diagram:

The fig shows functional diagram of SIM 900:

 The GSM baseband engine
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 Flash

 The GSM Radio frequency part

 The antenna interface part

 The other interfaces.

Fig.4.2: SIM  900 Functional Block diagram

4.2 SIM 900 Key features:

 Dual-Band 900/ 1800 MHz
 GPRS multi-slot class 10/8GPRS mobile station class B
 Compliant to GSM phase 2/2+Class 4 (2 W @850/ 900 MHz)
 Class 1 (1 W @ 1800/1900MHz)
 Control via AT commands (GSM 07.07 ,07.05 and SIMCOM enhanced AT 

Commands)
 Low power consumption: 1.5mA(sleep mode)'
 Operation temperature: -40°C to +85 °C
 Status indicator(D5):It will flashes continuously whenever the call arrives 

otherwise it is left ON.
 Network LED(D6):This led will blink every second which indicates that the GSM 

module is not connected to the mobile network. Once the connection is established 
successfully, the LED will blink continuously every 3 seconds.
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4.3 Pin diagram: 

Fig. 4.3: Pin diagram of SIM 900 GSM Module
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CHAPTER 5

APR33A3 VOICE MODULE

5.1 Description:

Today’s consumers demand the best in audio/voice. They want crystal-clear sound
wherever they are in whatever format they want to use. APLUS delivers the technology to
enhance a listener’s audio/voice experience.

The   aPR33A   series   are   powerful   audio   processor   along   with   high
performance  audio analog-to-digital converters (ADCs) and digital-to-analog converters
(DACs).The aPR33A series are a fully integrated solution offering high performance and
unparalleled  integration  with  analog  input,digital  processing  and  analog  output
functionality.  The   aPR33A  series   incorporates   all  the  functionality   required   to
perform  demanding  audio/voice applications.  High quality  audio/voice systems with
lower bill-of-material costs can be implemented with the aPR33A series because of its
integrated  analog data  converters  and full  suite  of  quality-enhancing features  such as
sample-rate convertor.

Fig. 5.1: APR33A3 Vioce Module

The  aPR33A  series  C1.X  is  specially  designed  for  simple  CPU  interface,
user  can  record  or playback up to 1024 voices by 5 I/Os only. This mode built in one
complete  memory-management  system. The control  side doesn’t  need to be burdened
complicated  memory  distribution  problems and it  only  needs  to  be through a  simple
instruction  to  proceed the audio/voice  recording & playback so it  largely  shorten  the
developing time.  Meanwhile, Chip provides the power-management  system too. Users
can let the chip enter power-down mode when unused. It can effectively reduce electric
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current  consuming  to  15uA and increase  the  using  time  in  any  projects  powered  by
batteries.  

5.2 Features:

 Operating Voltage Range: 3V ~ 6.5V 

 Single Chip, High Quality Audio/Voice Recording & Playback Solution.

1. No External ICs Required 

2. Minimum External Components

 User Friendly, Easy to Use Operation

1. Programming & Development Systems Not Required.

 170/ 340/ 680 sec. Voice Recording Length in aPR33A3

 Powerful 16-Bits Digital Audio Processor. 

 Non volatile Flash Memory Technology.

1.  No Battery Backup Required.

 External Reset pin. 

 Powerful Power Management Unit.

1. Very Low Standby Current: 1uA 

2.  Low Power-Down Current: 15uA 

3. Supports Power-Down Mode for Power Saving.

 Built-in Audio-Recording Microphone Amplifier.

1. No External OPAMP or BJT Required 

2. Easy to PCB layout.

 Differential-ended MIC pre-amp for Low Noise 

1. Configurable analog interface.

2. High Quality Line Receiver.

 High Quality Analog to Digital and PWM module

1. Resolution up to 16-bits.

 Up To Maximum 1024 Voice Sections controlled through 5 pins only 

 Built-in Memory-Management System.
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5.3 Pin configuration:

Fig. 5.2: Pin diagram of APR33A3

APR33A series can enter standby mode when RSTB pin drive to low. During chip

in the standby mode, the current consumption is reduced to ISB and any operation will be

stopped, user also cannot execute any new operate in this mode.

The standby mode will continue until RSTB pin goes to high, chip will be started

to initial, and playback “beep” tone to indicate enter idle mode.
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5.4 Pin description of APR33A3:

Table 5.1: Pin description of APR33A3 Voice module
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5.5 Internal connection diagram:

Fig. 5.3: Connection diagram of APR33A3

5.6 Serial command:

The aPR33A series C1.X is specially designed for simple CPU interface. Chip is

controlled by command sent to it from the host CPU. The /CS pin is used to select chip.

The SCK and SDI pin areused to input command word into the chip while SDO and

BUSY as output from the chip to the host CPU for feedback response. 
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Command input into the chip contains 16-bit data and list the command format &

summarize the available commands as below: 

Table 5.2: Serial Commands for APR33A3

5.7 Voice input:

The aPR33A series supported single channel voice input by microphone or line-in.

The following fig.showed circuit for different input methods: microphone, line-in and

mixture of both.

FIG. 5.4: Microphone + line in voice input method
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5.8 Voice output:

The aPR33A series  support  2  voice  output  mode,  PWM and DAC.The PWM

mode  use  VOUT1  and  VOUT2  pin  to  drive  speaker  directly  without  external

components to save cost. The DAC mode use VOUT2 pin to output current signal.

User can use the signal to drive audio amplifier or mix with other components in their

applications to provide larger voice volume.

Fig. 5.5: DAC with audio amplifier method
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CHAPTER 6

Liquid Crystal Display

In 1968, RCA Laboratories developed the first liquid crystal display (LCD). Since

then, LCD’s have been implemented on almost all types of digital devices, from watches

to  computer  to  projection  TVs  .LCD’s  operate  as  a  light  “valve”,  blocking  light  or

allowing it to pass through. An image in an LCD is formed by applying an electric field to

alter the chemical properties of each LCC (Liquid Crystal Cell) in the display in order to

change a pixel’s light absorption properties. These LCC’s modify the image produced by

the backlight into the screen output requested by the controller. Through the end output

may be in  color,  the LCC’s are  monochrome,  and the color  is  added later  through a

filtering  process.  Modern  laptop  computer  displays  can  produce  65,536 simultaneous

colors at resolution of 800 X 600.

To understand the operation of an LCD, it is easiest to trace the path of a

light ray from the backlight to the user. The light source is usually located directly behind

the  LCD, and can  use  either  LED or  conventional  fluorescent  technology.  From this

source, the light ray will pass through a light polarizer to uniformly polarize the light so it

can  be  acted  upon by the  liquid  crystal  (LC)  matrix.  The  light  beam will  then  pass

through the LC matrix, which will determine whether this pixel should be “on” or “off”.

If the pixel is “on”, the liquid crystal cell is electrically activated, and the molecules in the

liquid will align in a single direction. This will allow the light to pass through unchanged.

If the pixel is “off”, the electric field is removed from the liquid, and the molecules with

in scatter. This dramatically reduces the light that will pass through the display at that

pixel.

In a color display, after the light passes through the liquid crystal matrix, it

passes through a color filter (usually glass). This filter blocks all wavelengths of light

except those within the range of that pixel. In a typical RGB display, the color filter is

integrated into the upper glass colored microscopically to render each individual pixel

red,green or blue. The areas in between the colored pixel filter areas are printed black to
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increase contrast. After a beam of light passes through the color filter, it  passes through

yet  another  polarizer  to  sharpen  the  image  and  eliminate  glare.  The  image  is  then

available for viewing.

In  an  AMLCD,  each  LCC  is  stimulated  individually  by  a  dedicated

transistor  or  diode.  The  two existing  AMLCD technologies  are  Thin  Film Transistor

(TFT)  and  metal-insulator-metal  (MIM).  In  an  MIM  display,  dedicated  diodes  are

fabricated at  each pixel.  MIM displays, currently being manufactured by Toshiba and

Seiko-Epson, are not advantageous that TFT displays.

6.1 INTERFACING LCD TO THE CONTROLLER:

This  is  the  first  interfacing  example  for  the  parallel  port.  We  will  star  with

something simple. This example does not use the Bi-directional feature found on newer

ports, thus it should work with most, if no all Parallel Ports. It however does not show the

use of the status port as an input. So what are we interfacing? A 16 Character X 2 Line

LCD Module to the Parallel Port. These LCD Modules are very common these days, and

are quite simple to work with, as all the logic required running them is on board.

6.2 Features:

 Interface with either 4-bit or 8-bit microprocessor.

 Display data RAM

 80 8 bits (80 characters).

 Character generator ROM

 160 different 5 7 dot-matrix character patterns.

 Character generator RAM

 8 different user programmed 5 7 dot-matrix patterns.

 Display data RAM and character generator RAM may be 

 Accessed by the microprocessor.

 Numerous instructions 

 Clear Display, Cursor Home, Display ON/OFF, Cursor 

 ON/OFF, Blink Character, Cursor Shift, Display Shift.

 Built-in reset circuit is triggered at power ON.
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Fig. 6.1: General purpose LCD

6.3 Pin diagram:

Fig. 6.2: Pin diagram of 16*2 display
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6.4 Pin description of LCD display:

Table 6.1: Pin description of LCD Display

In the above table Vcc and Vss are supply pins and VEE (Pin no.3) is used for

controlling LCD contrast. Pin No.4 is Rs pin for selecting the register, there are two very

important registers are there in side the LCD. The RS pin is used for their selection as

follows. If RS=0, the instruction command code register is selected, allowing the user to

send data to be displayed on the LCD. R/W is a read or writes Pin, which allows the user

to  write  information  to  the  LCD or  read  information  from it.  R/W=1  when  reading

R/W=0 when writing. The LCD to latch information presented to its data pins uses the

enable (E) pin. The 8-bit data pins, D0-D7, are used to send information to the LCD or

read the contents of the LCD’s internal registers. To display letters and numbers, we must

send ASCII codes for the letters A-Z, and number 0 -9 to these pins while making RS=1.
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6.5 ABSOLUTE MAXIMUM RATINGS:

Table 6.2: Electrical absolute maximum ratings
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CHAPTER 7

Other Important Components

7.1 BUZZER & DRIVER CIRCUIT:

A buzzer or beeper is a signalling device, usually electronic, typically used
in  automobiles,  household  appliances  such  as  a  microwave  oven,  or  game
shows. It most commonly consists of a number of switches or sensors connected
to a control unit that determines if and which button was pushed or a preset time
has lapsed, and usually illuminates a light on the appropriate button or control
panel, and sounds a warning in the form of a continuous or intermittent buzzing
or beeping sound. Initially this device was based on an electromechanical system
which  was identical to an electric bell without the metal gong (which makes the
ringing noise). Often these units were anchored to a wall or ceiling and used the
ceiling  or  wall  as  a  sounding  board.  Another  implementation  with  some AC-
connected devices was to implement a circuit to make the AC current into a noise
loud enough to drive a loudspeaker and hook this circuit up to a cheap 8-ohm
speaker. Now-a-days, it is more popular to use a ceramic-based piezo-electric
sounder like a Sonalert which makes a high-pitched tone. Usually these were
hooked up to driver” circuits which varied the pitch of the sound or pulsed the
sound on and off.

V C C
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B C 5 4 7

D ?
4 0 0 7

+

1 2  V

-
B u z

Fig. 7.1: Buzzer & Driver circuit

The circuit is designed to control the buzzer. The buzzer ON and OFF is
controlled by the pair of switching transistors (BC 547). The buzzer is connected
in the Q2 transistor collector terminal. When high pulse signal is given to base of
the Q1 transistors, the transistor is conducting and close the collector and emitter
terminal so zero signals is given to base of the Q2 transistor. Hence Q2 transistor
and buzzer is turned OFF state. When low pulse is given to base of transistor Q1,
the transistor is turned OFF. Now 12V is given to base of Q2 transistor so the
transistor is conducting and buzzer is energized and produces the sound signal.

7.2 LED & DRIVER CIRCUIT:
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It is a semiconductor diode having radioactive recombination. It requires a
definite amount of energy to generate an electron hole pair. The same energy is
released when an electron recombines with a hole. This released energy may
result in the emission of photon and such a recombination. Hear the amount of
energy  released  when  the  electro  reverts  from  the  conduction  band  to  the
valence band appears in the form of radiation. Alternatively the released energy
may result in a series of photons causing lattice  libration. Finally the released
energy may be transferred to another electron. The recombination radiation may
be lie in the infra-red and visible light spectrum. In forward is peaked around the
band  gap  energy  and  the  phenomenonis  called  injection  luminescence.  In  a
junction biased in the avalanche break down region , there results a spectrum of
photons carrying much higher energies . Almost White light then gets emitted
from microplasma breakdown region in silicon junction. Diodes having radioactive
recombination  are  termed  as  Light  Emitting  Diode,  abbreviated  as  LEDs.In
gallium arsenide diode, recombination is predominantly a radiation recombination
and the probability of this radioactive recombination far exceeds that in either
germanium or silicon . Hence GaAs LED has much higher efficiency in terms of
Photons emitted per carrier. The internal efficiency of GaAs LED may ba very
close to 100% but because of high index of refraction, only a small fraction of the
internal radiation can usually come out of the device surface. In spite of this low
efficiency  of  actually  radiated  light,  these  LEDs  are  efficiency  used  as  light
emitters in visual display units and in optically coupled circuits, The efficiency of
light  generation  increases  with  the  increase  of  injected  current  and  with
decreases  in  temperature.  The  light  so  generated  is  concentrated  near  the
junction since most of the charge carriers are obtained within one diffusion length
of the diode junction.

I R  L E D  1

4 7 O h m

1 0 k

B C 5 4 7

Fig. 7.2: LED & Driver circuit
The following are the merits of LEDs over conventional incandescent and other types of
lamps

* Low working voltages and currents

* Less power consumption
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* Very fast action

* Emission of monochromatic light

* Small size and weight

* No effect of mechanical vibrations

* Extremely long life

7.3 POWER SUPPLY:

The  input  a.c.  supply  is  stepped  down from 230V to  12-0-12V.  The  rectifier

consists of diodes D1 and D2 makes the supply D.C. that is, unidirectional waveform.

The output from rectifier is a URDC, whose value is 12.726V peak to peak. The voltage

regulator  makes  this  URDC to  RDC of  +5V.  The  capacitor  C1  is  used  to  maintain

constant voltage between two consecutive positive cycles where as C2 is used to remove

the fluctuations  caused by regulator.  Here we are selecting  12.726V as a peak value.

Because of fluctuations, the peak voltage may decrease, then regulator cannot step up to

+5V. If we select peak value, a higher one, then the problem can be overcome. 

Fig. 7.3: Block diagram of Power Supply

A  regulated  power  supply  which  maintains  the  output  voltage  constant

irrespective of a.c.  mains fluctuations  or load variations is  known as regulated power

supply.  A regulated  power  supply  consists  of  an  ordinary  power  supply  and  voltage

regulating device. The output of ordinary power supply is fed to the voltage regulator

which produces the final output. The output voltage remains constant whether the load

current changes or there are fluctuations in the input ac. voltage.

          The rectifier converts the transformer secondary ac. voltage into pulsating voltage.

The  pulsating  dc.  Voltage  is  applied  to  the  capacitor  filter.  This  filter  reduces  the
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pulsations  in  the  rectifier  dc.  output  voltage.  Finally,  it  reduces  the  variations  in  the

filtered output voltage.

7.4 Transformer:

The transformer is  a device that  transfers electrical  energy from one electrical

circuit to another electrical circuit through the medium of magnetic field and without a

change in the frequency. The electric circuit which receives energy from the supply mains

is called primary winding and the other circuit which delivers electric energy to the load

is called the secondary winding.

Fig. 7.4: Transformer

This is a very useful device, indeed. With it,  we can easily multiply or divide

voltage  and  current  in  AC  circuits.  Indeed,  the  transformer  has  made  long-distance

transmission of electric power a practical reality, as AC voltage can be "stepped up" and

current  "stepped  down"  for  reduced  wire  resistance  power  losses  along  power  lines

connecting generating stations with loads. At either end (both the generator and at the

loads), voltage levels are reduced by transformers for safer operation and less expensive

equipment.  A  transformer  that  increases  voltage  from  primary  to  secondary  (more

secondary winding turns  than primary winding turns) is  called  a  step-up transformer.

Conversely,  a  transformer  designed  to  do  just  the  opposite  is  called  a  step-down

transformer. 
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This  is  a  step-down transformer,  as  evidenced  by  the  high  turn  count  of  the

primary  winding and the low turn  count  of  the  secondary.  As a  step-down unit,  this

transformer  converts  high-voltage,  low-current  power  into  low-voltage,  high-current

power.  The larger-gauge wire used in  the secondary winding is  necessary due to the

increase in current. The primary winding, which doesn't have to conduct as much current,

may be made of smaller-gauge wire. 

           In case you were wondering, it is possible to operate either of these transformer 

types backwards (powering the secondary winding with an AC source and letting the 

primary winding power a load) to perform the opposite function: a step-up can function as

a step-down and visa-versa. However, as we saw in the first section of this chapter, 

efficient operation of a transformer requires that the individual winding inductances be 

engineered for specific operating ranges of voltage and current, so if a transformer is to be

used "backwards" like this it must be employed within the original design parameters of 

voltage and current for each winding, lest it prove to be inefficient (or lest it be damaged

by excessive voltage or current!).

7.5 7805 Voltage Regulator:

The Digi-lab board can use any power supply that creates a DC voltage between 6

and 12 volts. A 5V voltage regulator (7805) is used to ensure that no more than 5V is

delivered to the Digi lab board regardless of the voltage present at  the J12 connector

(provided that voltage is less than 12VDC). The regulator functions by using a diode to

clamp the output voltage at  5VDC regardless of the input voltage - excess voltage is

converted to heat and dissipated through the body of the regulator. If a DC supply of

greater  than  12V  is  used,  excessive  heat  will  be  generated,  and  the  board  may  be
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damaged. If a DC supply of less than 5V is used, insufficient voltage will be present at

the regulators output. 

Fig. 7.5: 7805 Voltage Regulator

If a power supply provides a voltage higher than 7 or 8 volts, the regulator must

dissipate significant heat. The "fin" on the regulator body (the side that protrudes upward

beyond the main body of the part) helps to dissipate excess heat more efficiently. If the

board requires higher currents (due to the use of peripheral devices or larger breadboard

circuits), then the regulator may need to dissipate more heat. In this case, the regulator

can be secured to the circuit board by fastening it with a screw and nut (see below). By

securing the regulator tightly to the circuit board, excess heat can be passed to the board

and then radiated away.

7.6 Speaker:

               A loudspeaker (or loud-speaker or speaker) is an electroacoustic transducer; a

device  which  converts  an electrical audio signal into a  corresponding sound. The most

widely  used  type  of  speaker  in  the  2010s  is  the dynamic  speaker, invented  in  1924

by  Chester.  W.Rice.  The  dynamic  speaker  operates  on  the  same  basic  principle  as

a dynamic microphone, but in reverse, to produce sound from an electrical signal. When

an alternating  current electrical audio signal is  applied to  its voice coil,  a coil  of wire

suspended in a circular gap between the poles of a permanent magnet, the coil is forced to

move  rapidly  back  and  forth  due  to Faraday's  law  of  induction,  which  causes
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a diaphragm (usually  conically  shaped)  attached  to  the  coil  to  move  back  and  forth,

pushing on the air to create sound waves. Besides this most common method, there are

several alternative technologies that can be used to convert an electrical signal into sound.

The  sound  source  (e.g.,  a  sound  recording  or  a  microphone)  must  be  amplified  or

strengthened with an audio power amplifier before the signal is sent to the speaker.

              Speakers are typically housed in a speaker enclosure or speaker cabinet which is

often a rectangular square box made of several forms of wood, or sometimes plastic. The

enclosure's materials and design play an important role in the quality of the sound. The

enclosure generally must be as stiff and non-resonant as practically possible. Where high

fidelity reproduction  of  sound  is  required,  multiple  loudspeaker  transducers  are  often

mounted  in  the  same  enclosure,  each  reproducing  a  part  of  the  audible  frequency

range (picture at right). In this case the individual speakers are referred to as "drivers" and

the  entire  unit  is  called  a  loudspeaker.  Drivers  made  for  reproducing  high  audio

frequencies are called tweeters, those for middle frequencies are called mid-range drivers,

and  those  for  low frequencies  are  called woofers.  Extremely  low frequencies  (16Hz-

~100Hz) may be reproduced by detached subwoofers. Smaller loudspeakers are found in

devices  such  as radios, televisions,  portable  audio  players, computers,  and electronic

musical  instruments.  Larger  loudspeaker  systems  are  used  for  music, sound

reinforcement in theatres and concert halls, and in public address systems.
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Fig. 7.6: Speaker

7.7 Power Chords: 

Power chords can be traced back to commercial recordings in the 1950s. Robert
Palmer pointed  to electric  blues guitarists Willie  Johnson and Pat  Hare,  both  of  whom
played for Sun Records in the early 1950s, as the true originators of the power chord,
citing  as  evidence  Johnson's  playing  on Howlin'  Wolf's  "How  Many  More  Years"
(recorded  1951)  and  Hare's  playing  on James  Cotton's  "Cotton  Crop Blue"  (recorded
1954) Scotty  Moore opened Elvis  Presley's  1957  hit Jailhouse  Rock with  power
chords. Link Wray is often cited as the first mainstream rock and roll musician to have
used power chords, with "Rumble" (recorded 1958).

The  Who's  Peter  Townshend's  "windmill"  strumA  later hit  song built  around
power  chords  was  "You  Really  Got  Me"  by the  Kinks,  released  in 1964.This
song's riffs exhibit  fast  power-chord  changes. The Who's  guitarist, Pete Townshend,
performed  power  chords  with  a  theatrical  windmill-strum, for  example  in  "My
Generation" On King  Crimson's Red album, Robert  Fripp thrashed  with  power
chords Power  chords  are  important  in  many  forms  of punk  rock music.  Many  punk
guitarists used only power chords in their songs, most notably Johnny Ramone and Doyle
Wolfgang von Frankenstein.

.
Fig. 7.7: Power Chord
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CHAPTER 8

SOFTWARE SECTION

  POWER THEFT:

#include <SoftwareSerial.h>
#include<LiquidCrystal.h>
SoftwareSerial SIM900(7, 8);//7 rx 8 tx
LiquidCrystal lcd(12,11,2,3,4,5);
unsigned char j=0;
int x1,y1,z1;
const int bzr=13;
unsigned char x=0;
void setup() {
pinMode(bzr,OUTPUT);
digitalWrite(bzr,0);
lcd.begin(16,2);
Serial.begin(9600);
SIM900.begin(9600);  
delay(2000);
lcd.clear();
lcd.setCursor(0,0);  
lcd.print(“ POWERTHEFT       “);   
lcd.setCursor(0,1);  
lcd.print(“ DETECTION- GSM   “);
delay(5000);
}

void loop() {
for(x=0;x<5;x++)
{  
lcd.clear();
lcd.setCursor(0,0);  
lcd.print(“POWER SOU:    “);   
lcd.setCursor(0,1);  
lcd.print(“   LOAD  :     “);
int x=analogRead(0);
int y=analogRead(1);
x1=map(x,0,1023,0,255);
y1=map(y,0,1023,0,255);

delay(1000);

lcd.setCursor(13,0);
lcd.print(x1);
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lcd.setCursor(13,1);
lcd.print(y1);
delay(1000);
}

if((x1-y1)>10)
{  
lcd.clear();
lcd.setCursor(0,0);  
lcd.print(“POWER THEFT  “);   
lcd.setCursor(0,1);  
lcd.print(“DETECTED…  “);
digitalWrite(bzr,1);
delay(4000);  
lcd.clear();
lcd.setCursor(0,0);  
lcd.print(“SENDING SMS..”);   
lcd.setCursor(0,1);  
lcd.print(“             “);
digitalWrite(bzr,1);
sendSMS();
digitalWrite(bzr,0); 
}
else
{
digitalWrite(bzr,0);
delay(200);
}
}

// ***********  SUB FUNCTIONS *****************
void sendSMS()
{
  for(j=0;j<2;j++)
  {
  SIM900.print(“AT+CMGF=1\r”);                                                        // AT command to 
send SMS message
  delay(1000);
  if(j==0)
  SIM900.println(“AT+CMGS=\”+918886158444\””);  // recipient’s mobile number, in 
international format
  else if(j==1)
  SIM900.println(“AT+CMGS=\”+917013568663\””);
  delay(1000);
  SIM900.print(“POWER THEFT DETECTED AT TRANSFORMER-1209 Watts:”);      
// message to send
  SIM900.println((char)x1-y1);
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  delay(1000);
  SIM900.println((char)26);                       // End AT command with a ^Z, ASCII code 26
  delay(1000); 
  SIM900.println();
  delay(2000);
}}

40



CHAPTER 9

RESULTS AND CONCLUSION
9.1 Results:

SMS alert during power theft
9.2 Conclusion:

In this way without much human effort, by using SCADA system we can monitor
the generating unit in a power plant and can control the performance automatically.  The
data stored in the database is used for the further studies like load flow analysis, fault
studies, future extension, expansion of the existing power system.

9.3 Applications:
 Mainly used to detect the location of power theft in electrical distribution systems.
 After  some small  modifications  made, the same kit  is  used for Automation  in

Industries, House hold appliances etc.

9.3 Future Scope:
This project can be extended to control each and every parameter of the power

system as well as every process in the operation of power system. Thus we can monitor
and control the entire power system automatically.
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PROJECT PROFORMA

Classification  of Project
Application Product Research Review



Note: Tick Appropriate category. 
Project Outcomes

Outcome 1 Use new tools.
Outcome 2 Work as an individual and in a team
Outcome 3 Analyze critically.
Outcome 4 Identify and solve problems.

Mapping Table

Project
Outcomes

Programme Outcomes (POs) PSOs

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1
PSO

2

Outcome
1

3 3 2 2 3 2 2 3 2 3 3 2 3 3

Outcome
2

3 3 2 2 2 2 2 3 3 3 3 2 3 3

Outcome
3

3 3 3 2 2 2 2 3 2 3 3 2 3 3

Outcome
4

3 3 2 3 2 2 2 3 2 3 3 2 3 3

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based   
  on level of mapping as follows:
1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped

Programme Outcomes: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals and an engineering specialization for the solution of complex engineering 
 problems.

2.  Problem  analysis: Identify,  formulate,  research  literature,  and  analyze  complex
engineering  problems  reaching  substantiated  conclusions  using  first  principles  of  
mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems
and  design  system  components  or  processes  that  meet  the  specified  needs  with
appropriate  consideration  for  public  health  and  safety,  and  cultural,  societal,  and
environmental considerations.
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4.  Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments,  analysis  and interpretation of data,
and synthesis of t h e information to provide valid conclusions.

5.  Modern tool usage: Create, select, and apply appropriate techniques, resources, and
Modern  engineering  and  IT  tools,  including  prediction  and  modeling  to  complex
engineering activities, with an understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess  societal,  health,  safety,  legal,  and  cultural  issues  and  the  consequent
responsibilities relevant to the professional engineering practice.

7.  Environment  and  sustainability: Understand  the  impact  of  the  professional
engineering  solutions  in  societal  and  environmental  contexts,  and   demonstrate  the
knowledge of, and need for sustainable development.

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities
and  norms of the engineering practice.

9. Individual and team work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

10.  Communication: Communicate effectively on complex engineering activities with
the  engineering  community  and  with  the  society  at  large,  such  as,  being  able  to
comprehend  and  write  effective  reports  and  design  documentation,  make  effective
presentations, and give and receive clear instructions.

11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member
and leader in a team, to manage projects and in multidisciplinary environments.

12. Life-long learning: Recognizes the need for, and have the preparation and ability to
engage in independent  and life-long learning in  the broadest  context  of  technological
change.

Programme Specific Outcomes(PSO):

1. Apply the knowledge of circuit design, analogy & digital electronics to the field of
electrical and electronics systems

2. Analyze, design and develop control systems, industrial drives and power systems
using modern tools.
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ABSTRACT 

 

The soaring use of fossil fuels and their depletion over the last few decades combined with a 

growing concern about environmental pollution have led to a boost for renewable energy generation. 

This accelerated drive has led to a tremendous progress in the field of renewable energy systems 

during last decade. It has also resulted in a gradual tapping of the vast mini (100 kW to 1 MW), micro 

(10–100 kW) and Pico (less than 10 kW) hydro and wind energy potential available in isolated 

locations (where grid supply is not accessible). In most of the cases, these generating units have to 

operate at remote unattended site. Therefore, maintenance-free system is desirable. In view of this, the 

isolated asynchronous generator (IAG) with a simple controller for regulating the voltage and 

frequency is most prominent option for such applications. 

Various types of ELCs based on controlled (thyristorized) or uncontrolled rectifiers with a 

chopper and an auxiliary load provide effective control but at the cost of distorted voltage and current 

at the generator terminals, which, in turn derate the machine. Therefore, in this paper, a simple ELC is 

proposed that regulates the voltage and frequency with minimum distortion at the generator terminals. 

In this phase-controlled thyristor-based ELC, the phase angle of back-to-back-connected thyristors is 

delayed from 0◦ to 180◦ as the consumer load is changed from zero to full load. 

 The isolated Pico-hydro generating system consists of an IAG, excitation capacitor, 

consumer loads, and an ELC. The proposed ELC employs a 24-pulse rectifier with 14 diodes and a 

chopper. The study of proposed Stand-Alone System is carried out in MATLAB using SIMULINK 

and Power System Block set toolboxes. Experimental validation is carried out for ELC for regulating 

the voltage and frequency of an isolated asynchronous generator driven by uncontrolled pico-hydro 

turbine. 
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INTRODUCTION 

                  The exploitation of renewable energy sources to augment power generation as 

a matter of necessity is an established procedure. Among the sources that can be exploited, 

small hydro, wind, and bio-mass are proving to be in the forefront for power generation. In 

remote locations where such sources mainly exist, establishment of grid has been found to be 

uneconomical and infeasible. Feeding such generated power to utility grids has often become 

inviable. Therefore, a stand-alone autonomous unit to feed local consumers using such 

renewable energy sources is the remaining option.  

                   India has a large number of identified small hydro sites where such generation is 

possible. It is estimated that there may be more than 10,000 sites with possible power varying 

from 1-100KW. These may be classified as pico(1-10 KW) and micro(1-100KW) hydro 

units. Such units must be simple, rugged, economical, and user-friendly. A sufficient 

consumer load should also available in the vicinity. Further, in such remote locations, only 

domestic loads are prevalent, thus necessitating single-phase supply. Since, simple, 

uncontrolled, small hydro turbines without governors are preferred, the use of electronic-load 

controllers (ELCs) enters the horizon for providing quality power with good voltage 

regulation for varying consumer loads. 

                    The isolated asynchronous generators (IAGs) have widely been recommended 

for remotely located community by harnessing available renewable energy sources like micro 

hydro, wind and bio-gas, because of having its brush less construction, small size, no dc 

supply for excitation, less maintenance cost and improved terminal performance. The Soaring 

use of fossil fuels and their depletion over the last few decades combined with a growing 

concern about pollution of environment have led to a boost for renewable energy generation. 

This accelerated drive has led to a tremendous progress in the field of renewable energy 

systems during last decade. In most of the cases, these pico-hydro turbine generating units 

have to operate at remote unattended site; therefore, maintenance-free system is desirable. In 

view of this, the isolated asynchronous generator (IAG) with a simple controller for 

regulating the voltage and frequency is most prominent option for such applications. 
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                   A number of research publications are available on voltage and frequency 

controllers for an IAG driven by uncontrolled Pico-hydro turbine for single-phase as well 

three phase power applications. Most of these proposed controllers are reported as electronic 

load controllers (ELCs) that maintain the constant power at the generator terminal, to regulate 

constant voltage and frequency. The value of excitation capacitor is selected to generate the 

rated voltage at desired power. The basic principle of controlling the constant power at the 

generator terminal is to employ an ELC and operate it in a way so that the total power 

(absorbed by the load controller and consumer load) is constant. If there is less demand by 

the consumer, the balance of generated power is absorbed by the ELC. The energy consumed 

by the ELC may be utilized for useful work like water heating, space heating, cooking, 

battery charging, and baking, etc. 

                  Any controlled or uncontrolled rectifiers with a chopper and an auxiliary load 

serve the basic purpose. These controllers provide effective control but at the cost of distorted 

voltage and current at the generator terminals, which, in turn, derate the machine. Moreover, 

the harmonic current injection at generator terminal is not within the prescribed limits by 

IEEE standards. These harmonics cause additional losses in the system, resonance, and 

failure of the capacitor bank.  

                 However, such types of controllers make the system costly and complex with 

complicated control algorithm and simplicity requirement by the isolated system is lost. 

Therefore, in this paper, a simple ELC is proposed that regulates the voltage and frequency 

without any harmonic distortion at the generator terminals. The proposed controller consists 

of a 24-pulse rectifier, a chopper, and an auxiliary load. The 24 pulses rectifier-based ELC 

has negligible harmonic distortion in the generated voltage and current. 
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CHAPTER 1 

PICO-HYDRO TURBINE 

           Pico hydro is a term used for hydroelectric power generation of under 10 kW. Recent 

innovations in pico-hydro technology have made it a source of power for some of the poorest 

and most remote regions in the world. It is a versatile power source as it can produce 

alternating current (AC) electricity, enabling standard appliances to be used, and it can be 

distributed to a whole village. It is used to power light bulbs, radios, televisions, refrigerators 

and food processors. It offers communities an alternative to the use of hazardous and 

expensive kerosene for lighting households, schools and businesses. It is placed where grid 

connected system is not possible. Generally, Pico-hydro power system is found in rural or 

hilly areas. 

The basic hydropower system is shown as: 

Fig.1.1 Pico Hydro System 
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The water is taken from a small canal and is stored in tank which is called as ‘Forebay tank or 

Reservoir’. To the bottom a pipe is connected for the flow of water (in liters per second) 

which drops on blades of a turbine. The turbine is the prime mover (A machine that 

transforms energy from thermal, electrical or pressure form to mechanical form) for the SEIG 

in the power house. In these pico-hydro sites, the selected turbine is an impulse turbine 

because it is considered suitable for low-head and low-power hydro sites. The impulse 

turbine has buckets fixed to the shaft. The number of valve openings is again decided on the 

basis of water availability and the head. The turbine is either vertically or horizontally 

mounted according to the site conditions. There is no control of the turbine, though “stop” 

and “start” of the power plant is done with the help of the butterfly valve at the joint between 

the penstock (water is diverted down a pipe) and the turbine. 
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CHAPTER 2 

 ISOLATED ASYNCHRONOUS GENERATOR (IAG) 

2.1 AC MOTOR: 

              Alternating Current (AC) motors use an electrical current, which reverses its 

direction at regular intervals. 

              An AC motor has two parts: Rotor and Stator. The stator is in the stationary 

electrical component. The rotor is electrically rotating component, which in turn rotates the 

motor shaft. 

              The main advantage of DC motor over AC motor is that the speed is more difficult 

to control in AC motor. To compensate this AC motor is equipped with variable frequency 

drive but the improved speed comes with reduced power quality. 

2.2 Types of Ac Motors: 

   Depending on principle of operation they are classified as: 

•  Synchronous motor 

•  Asynchronous motor 

I. Induction motor (a. squirrel cage IM ,b. slip ring(external resistance)) 

II. Commutator motor (series, shunt, compensated, etc.,) 

 

2.3 Squirrel Cage Induction Motor: 

It consists of two main parts: 

  A) Stator 

  B) Rotor (squirrel cage) 

                                                                                     5 

 



 
 

A) Stator: 

              It is made up of a number of stampings, which are slotted to receive the windings. 

The stator carries a 3-phase winding and is fed from a 3-phase supply. It is wound for definite 

number of poles. Greater the number of poles, lesser is the speed. 

B) Rotor (squirrel cage): 

            Almost 90 percent of induction motors are squirrel-cage type, because this type of 

rotor has the simplest and most rugged construction imaginable and is almost indestructible. 

The rotor consists of a cylindrical laminated core with parallel slots for carrying the rotor 

conductors which, it should be noted clearly, are not wires but consist of heavy bars of 

copper, aluminum or alloys. 

2.4 Working of squirrel cage Induction motor: 

             When a 3-phase stator windings are fed by a 3-phase supply, a magnetic flux is 

produced which is of constant magnitude but revolves at synchronous speed (Ns=120f/p). 

              This flux passes through air-gap, sweep past the rotor surface and so cuts the rotor 

conductors, which are yet stationary. Due to the relative speed between the rotating flux and 

the stationary conductors, an e.m.f. is induced in the latter, according to Faraday’s laws of 

electro-magnetic induction. The frequency of the induced e.m.f is the same as the supply 

frequency.  

              Its magnitude is proportional to the relative velocity between the flux and conductors 

and its direction is given by Flemings’s Right-hand rule. Since the rotor bars or conductors 

form a closed circuit, rotor current is produced whose directions are given by Lenz’s law, is 

such as to oppose the very cause producing it. The cause which produces the rotor current is 

the relative velocity between the rotating flux of the stator and the stationary rotor 

conductors. Hence, to reduce relative speed, the rotor starts running the same direction as that 

of the flux and tries to catch up with the rotating flux.  
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2.5 Speed torque characteristics of induction motor: 

 

Fig.2.1 speed torque characteristics  

Slip: 

The difference between the synchronous speed Ns, and the actual speed N of the rotor 

is known as slip. 

----------------------------(2.1) 

  Where (Ns-N) is called the slip speed. Rotor (or motor) speed is N=Ns (1-s) 
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2.6 Induction motor operating as a generator: 

         Asynchronous machine can be operated in either GENERATOR OR MACHINE 

mode. The mode of operation is dictated by sign (+ or -) of the mechanical torque. 

    If Tm= +ve, then the machine acts as MOTOR.   

    If Tm= -ve, then the machine acts as GENERATOR.         

 

           When run faster than its synchronous speed, an induction motor runs as a generator 

called an INDUCTION GENERATOR. It converts the mechanical energy it receives into 

electrical energy and this energy is released by the stator. As soon as motor speed exceeds its 

synchronous speed, it starts delivering ACTIVE power P to the 3-phase line. However, for 

creating its own magnetic field, it absorbs reactive power Q from the line to which it is 

connected. As seen Q flows in the opposite direction to P. 

 

The active power is directly proportional to the slip above the synchronous speed. The 

reactive power required by the machine can also be supplied by a group of capacitors 

connected across its terminals. This arrangement can be used to supply a 3-phase load 

without using an external source. The frequency generated is slightly less than that 

corresponding to the speed of rotation. 
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         The terminal voltage increases with capacitance. If capacitance is insufficient, the 

generator voltage will not build up. Hence, capacitor bank must be large enough to supply the 

reactive power normally drawn by the motor. 

2.7 Advantages of Squirrel Cage Induction Generator: 

• Less maintenance 

• Simple construction 

• Brushless rotor type 

• No need for an external power supply to produce magnetic field. 

2.8 Disadvantages of Squirrel Cage Induction Generator: 

• Inability to regulate voltage and reactive power consumption. 

• Emergence of reactive power fluctuates while rotor sliding. 

• Reactive power load surge during the start-up of unit. 
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CHAPTER 3 

 ELECTRONIC LOAD CONTROLLER (ELC) 

        ELC is used to regulate voltage and distortion frequency to maintain constant power 

without any harmonics at generator terminals. 

          It provides good quality of power with good voltage regulation for varying consumer 

loads. 

          The ELC consists of: 

       a) 3-phase uncontrolled diode bridge rectifier 

       b) Capacitor 

       c) Voltage controller (PI) 

       d) Chopper  

    3.1 Three-Phase Uncontrolled Diode Bridge Rectifier: 

        One of the most common circuits used in power electronics is the 3-phase line 

commutated 6-pulse rectifier bridge, which comprises 6 diodes in a bridge connection. 

Single-phase bridges will not be covered here because their operation can be deduced as a 

simplification of the 3-phase bridge. In the diode bridge, the diodes are not controlled from 

an external control circuit. Instead, commutation is initiated externally by the changes that 

take place in the supply line voltages, hence the name line commutated rectifier [7] as shown 

in fig.2. According to convention, the diodes are labeled D1 to D6 in the sequence in which 

they are turned ON and OFF. This sequence follows the sequence of the supply line voltages. 
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     Fig.3.1 three phase diode rectifier 

 

        The 3-phase supply voltages comprise 3 sinusoidal voltage waveforms 120° apart which 

rise to their maximum value in the sequence A – B – C. According to convention, the phase-

to-neutral voltages are labeled VA, VB and VC and the phase-to-phase voltages are VAB, 

VBC and VCA, as shown in fig.3. These voltages are usually shown graphically as a vector 

diagram, which rotates counter-clockwise at a frequency of 50 times per second. A vector 

diagram of these voltages and their relative positions and magnitudes is shown below. The 

sinusoidal voltage waveforms of the supply voltage may be derived from the rotation of the 

vector diagram.   

                                 

Fig.3.2 vector diagram of the 3-phase main supply voltages 
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The bridge comprises two commutation groups, one connected to the positive leg, consisting 

of diodes D1–D3–D5, and one connected to the negative leg, consisting of diodes D4–D6–

D2. The commutation transfers the current from one diode to another sequence and each 

diode conducts current for 120° of each cycle as shown in Figure 4. The commutation 

transfers the current from one diode to another in sequence and each diode conducts current 

for 120° of each cycle as shown in Figure 4.  In the upper group, the positive DC terminal 

follows the highest voltage in the sequence VA–VB–VC via diodes D1–D3–D5. When VA is 

near its positive peak, diode D1 conducts and the voltage of the +DC terminal follows VA.  

         The DC current flows through the load and returns via one of the lower group diodes. 

With the passage of time, VA reaches its sinusoidal peak and starts to decline. At the same 

time, VB is rising and eventually reaches a point when it becomes equal to and starts to 

exceed VA. At this point, the forward voltage across diode D3 becomes positive and it starts 

to turn on.     The commutating voltage in this circuit, VB–VA starts to drive an increasing 

commutation current though the circuit inductances and the current through D3 start to 

increase as the current in D1 decreases. In a sequence of events similar to that described 

above, commutation takes place and the current is transferred from diode D1 to diode D3. At 

the end of the commutation period, diode D1 is blocking and the +DC terminal follows VB 

until the next commutation takes place to transfer the current to diode D5. After diode D5, the 

commutation transfers the current back to D1 and the cycle is repeated. 

        In the lower group, a very similar sequence of events takes place, but with negative 

voltages and the current flowing from the load back to the mains. Initially, D2 is assumed to 

be conducting when VC is more negative than VA. As time progresses, VA becomes equal to 

VC and then becomes more negative. Commutation takes place and the current is transferred 

from diode D2 to D4. Diode D2 turns off and D4 turns on. The current is later transferred to 

diode D6, then back to D2 and the cycle is repeated. In Figure 4, the conducting periods of 

the diodes in the upper and lower groups are shown over several cycles of the 3-Phase 

supply. This shows that only 2 diodes conduct Current at any time (except during the 

commutation period, which is assumed to be infinitely short!!) and that each of the 6 diodes 

conducts for only one portion of the cycle in a regular sequence. The commutation takes 

place alternatively in the top group and the bottom group. The DC output voltage VD is not a 

smooth voltage and consists of portions of the phase-to- phase voltage waveforms. For every 
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cycle of the 50 Hz AC waveform (20 msec), the DC voltage VD comprises portions of the 6 

voltage pulses, VAB, VAC, VBC, VBA, VCA, VCB, etc, hence the name 6-pulse rectifier 

bridge. 

        As fig. 4 the average magnitude of the DC voltage may be calculated from the voltage 

Waveform shown above. The average value is obtained by integrating the voltage over one of 

the repeating 120o portions of the DC voltage curve. This integration yields an average 

magnitude of the voltage VD as follows. 

 

VD = 1.35 × (RMS – Phase Voltage) ----------------------------(3.1) 

VD = 1.35 × VRMS -----------------------------------------------(3.2) 

For example, if VRMS = 415 volts, VD = 560 volts DC 
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Fig. 3.3 output results of 6-pulse diode rectifier 
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3.2 Capacitor: 

       Capacitor is provided in order to remove ripples from DC output. 

      The main function is to regulate the voltage and reactive power flow at the point where 

they are installed. 

 

 3.3 Chopper (DC to DC connectors): 

           It is a static device which converts fixed DC input voltage to variable   DC output 

voltage. 

            It acts as an electronic switch, connected in the circuit to switch the power ON and 

OFF. 

           Here IGBT (Insulated Gate Bipolar Junction Transistor) is used as chopper switch. 

      

Fig.3.4 IGBT SYMBOL 
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 IGBT (Insulated Gate Bipolar Junction Transistor): 

           An IGBT is a combination of MOSFET and bipolar junction transistor. MOSFET 

means a voltage-controlled gate that turns the device both ON and OFF. Bipolar transistor 

means bipolar current (much-lower resistance than MOSFET), blocked reverse current.  

 IGBT Application: 

In industries like  

• power supply (SMPS, UPS) 

• Welding machines. 

• Transportation i.e., ignition control and battery charger 

In consumer electronics applications like 

• Rice cooker 

• Inverter, conditioner 

• Washing machine 

 

3.4 Auxiliary Load: 

         Auxiliary load means ‘additional load’. The energy consumed by ELC can       be used 

for auxiliary load this is used only for dc power applications such as; 

• Water heating 

• Space heating 

• Cooking 

• Battery charging, etc., 
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CHAPTER 4 

 INTRODUCTION TO 24-PULSE 

            A number of methods have been proposed to lower harmonics generated by diode 

rectifier type utility interface to power electronic system. One of the design goals in 

multipulse converters is to increase the pulse number in order to eliminate more harmonics in 

the input line current. Many multipulse converters are introduced in to achieve clean power 

such as conventional 12-pulse converters as shown in Fig. 1, 18-pulse converter and 24- pulse 

system. These multipulse converters are formed by a combination of 6-pulse bridge rectifiers, 

isolation transformers etc. which result in large size and cost. Furthermore, in multipulse 

systems careful attention to practical aspects such as leakage reactance’s in series with each 

diode rectifier bridge, interphase reactor winding design and pre-existing utility voltage 

distortion is important for equal current sharing and elimination of harmonics in the input line 

currents. 

 

In response to these concerns, a 12-pulse system and a 24-pulse rectifier system are proposed 

(Fig. 2, Fig. 3) employing an autotransformer, two zero sequence blocking transformers 

(ZSBT) in the dc link and an interphase reactor. The passive components used are relatively 

low kVA. The function of the ZSBT's is to ensure independent operation of the two diode 

bridge rectifiers in an auto connected system as well as to promote equal current sharing. The 
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 ZSBT's offer high impedance to zero sequence currents and ensures 120 degree conduction                                                                   

for each diode in a rectifier. The function of the tapped interphase reactor with two additional 

diodes as shown in Fig.3 (a) is to extend the 12-pulse operation to 24-pulse from an input 

current stand point. The taps are chosen such that the resultant input current is 24-pulse i.e. 

5th, 7th, llth, 13th, 17th and 19th harmonics are canceled. Thus, the proposed system extends the 

12-pulse operation to 24-pulse operation with only slight modification in hardware. 

Furthermore, the autotransformer employed in the proposed 24-pulse system has a kVA 

rating of O.23P0 [pu] and the autotransformer in the proposed 12-pulse system has a kVA 

rating of O.18P0 [pu] over the conventional system (Fig.1) which drastically reduces the cost, 

weight and volume. 

       Detailed analysis of the proposed 24-pulse system is discussed. The proposed system is 

simulated on SABER and experimental results for a 208Y, 10kVA are provided. 
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4.1 24-PULSE SYSTEM 

Fig. 2 shows the proposed 12-pulse system and the proposed 24-pulse system is shown in 

Fig. 3. These approaches employ a polyphase autotransformer to provide 30 degree phase-

shifted voltages to rectifier bridges I and 11The kVA rating of each ZSBT is 3.7% and the 

interphase reactor is 1.65% of the total output power for the 24-pulse system. The next few 

sections detail the operation and function of each component of the proposed 24-pulse 

system. 
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4.2 Zero Sequence Blocking Transformer (ZSBT) 

The ZSBT exhibits significant impedance for zero sequence current components thereby 

eliminating unwanted conduction sequence of the rectifier diodes in an auto connected 

system. With a properly designed ZSBT each rectifier bridge (I&II) operates independently 

with 120 degree conduction of each diode in an auto-connected system [IO]. 

 

4.3 Voltage Analysis with ZSBT 

For the purpose of detailed voltage analysis an equivalent circuit of the proposed 24-pulse 

system in Fig. 3 is developed and is shown in Fig. 4. The equivalent circuit consists of two 

positive and negative groups of diodes and is shown in Fig. 4 (a) and (b). In the top group, the 

cathodes of the diodes 1, 3 and 5 are at a common potential, VP. Therefore, the diode with its 

anode at the highest potential will conduct the current Io1. The cathodes of the diodes 7, 9 and 

11 are at a common potential, Vq, (Fig. 4 (a)). Therefore the diode with its anode at the 

highest potential will conduct the current I02 and the rest of the diodes are reverse biased. 

Similarly in the bottom group (Fig. 4 (b)), the diodes with their cathodes at the lowest 

potential will conduct and the rest of the diodes are reverse biased. Thus the voltage across 

the ZSBT depends on conduction sequence of diodes. Fig. 5 shows the instantaneous wave 

shapes of voltages Vp, Vq,, Vp’, Vq’, and Vm, due to the conduction of positive and negative  
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group of diodes as shown in Fig. 4 (a) and (b). Now from Fig. 4 (a) we have 

-------------------------------(4.1) 

------------------------------------------------(4.2) 

Where, VZSBT is the total voltage across the two ZSBT's in the circuit. Fig. 5 shows the plot of 

VZSBT computed from Equation (l), (2) the instantaneous voltages generated due to the 

conduction of diodes. Mathematically, VZSBT can be expressed in Fourier series as, 

VZSBT(w=t) V,(-0.25cos(3wt) + 0.07sin(6wt)+ 0.03cos(9wt)+.. . ) ----------------(4.3) 

It should be noted that VZSBT contains only tripplen frequency components, hence if properly 

designed impedes the flow of tripplen harmonic currents or in other words ensures 

independent six pulse operation of the two rectifier bridges I and II. The average dc output 

voltage V, (Fig. 3) 

---------------------(4.4) 

Where, VLL is the RMS of the line to line utility voltage. The Vo,av, is about 3.5% higher than 

a conventional 6-pulse system. 
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4.4 VA Rating Of the ZSBT's 

 To compute the VA rating of the ZSBT's, the RMS voltage and RMS current magnitudes are 

necessary. The total voltage across the two ZSBT's (equation (2)) is plotted in Fig.5. Also 

Fig. 8 (d) shows the current Io1 carried by the ZSBT winding. The VA rating of the ZSBT's 

can be calculated as follows. 

---------------------------------(4.5) 

From equation (3) we have the rms voltage across the ZSBT as follows. 

-------------------------------------------(4.6) 

The rms current through the ZSBT as shown in Fig. 8 (d) is given by, 

------------------------------------------------------(4.7) 

Therefore from equation (4) to (7), the VA rating of the ZSBT is, 

----------------(4.8)  
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Where Po is the output power (V, x I, ) Finally, VA rating of each ZSBT is one half of the 

value computed in equation (8). 

---------------------------------

(4.9) 

It should be noted that the VA rating of two ZSBT's is small. Further the lowest frequency 

component of the voltage across ZSBT's is 180Hz. This results in small size, weight and 

volume. 

4.5 OPERATON OF DIODE RECTIFIERS 

 Using 12-pulse or 24- pulse diode rectifier 

        The 12-pulse rectifier is formed by connecting two 6-pulse rectifiers in parallel to feed a 

common DC-bus. The input to the rectifiers is provided with one three-winding transformer. 

The transformer secondary’s are in 30o phase shift. 

        The benefit with this arrangement is that in the supply side some of the harmonics are in 

opposite phase and thus eliminated. In theory the harmonic component with the lowest 

frequency seen at the primary of the transformer is the 11th. The major drawbacks are special 

transformers and a higher cost than with the 6-pulse rectifier. The principle of the 24-pulse 

rectifier is also shown in Figure 1. It has two 12-pulse rectifiers in parallel with two three 

winding transformers having 15o phase shift. The benefit is that practically all low frequency 

harmonics are eliminated but the drawback is the high cost. In the case of a high power single 

drive or large multi drive installation a 24-pulse system may be the most economical solution 

with lowest harmonic distortion. 
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CHAPTER 5 

MATLAB 

5.1 Introduction to MATLAB: 

 MATLAB is a high performance language for technical computing. It integrates 

computation visualization, and programming in an is to use environment where  problems 

and solutions are expressed in familiar mathematical  notation. 

Typical  uses include MATH and computation algorithm development data acquisition 

Modeling, Simulation, and proto typing Data analysis ,exploration, visualization  Scientific 

and engineering graphics application development, including graphical user inter face 

building MATLAB is an interactive system whose basic data element is an array that does 

not require dimensioning. This allows due to solve many technical computing problems, 

especially those with matrix and vector formulations, in a fraction of the time it would take to 

write a program in a scalar no interactive language such as C or Fortran. The name MATLAB 

stands for matrix laboratory. MATLAB was originally written to provide easy access to 

matrix software developed by the LINPACK and EISPACK projects. Today, mat lab engines 

incorporate the lapack  and BLAS and libraries, embedding the state of the art in softer for 

matrix computation. MATLAB has evolved over a period of years with input from many 

users. In university environment, it is the standard instructional tool for introductory and 

advanced courses in mathematics, engineering and science. In industry, MATLAB is the tool 

of choice for high productivity research development and analysis. MATLAB features a 

family of add-on application specific solutions called tool boxes. Very important to most 

users of MAT LAB tool boxes allow you to learn and apply specialized technology. 

Toolboxes are comprehensive collections of MATLAB functions (M-files) that extend the 

MATLAB environment to solve particular classes of problems. Areas in which tool boxes are 

available include signal processing, control systems, Neural networks, fuzzy logic, wavelets, 

simulation, and many other. 
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       The MATLAB system consists of five main parts: development environment. This is the 

set of tools and facilities that help you use MATLAB functions and files .many of these tools 

are graphical user interfaces. It includes the mat lab desktop and command window, a 

command history, an editor and debugger and browsers for viewing help, the work space, 

files, and the search path, the mat lab mathematical. Function library. This is a vast collection 

of computational algorithm ranging from elementary functions like sum sine chosen, and 

complex arithmetic, to more sophisticated functions like matrix inverse, matrix, eigen values, 

Bessel functions, and fast Fourier transforms. The MATLAB language is a high level matrix 

or array language with control flow statements, functions, data structures, input or output, and 

object oriented programming features. It allows both “programming in the small” to rapidly 

create quickly and dirty throwaway programs, and “programming in the large” to create 

complete large and complex application programs, graphics. MATLAB has extensive 

facilities for displaying vectors and matrices as graphs, as well as annotating and printing 

these graphs. It includes high level functions for two dimensional and three dimensional data 

visualization, image processing, animation, and presentation graphics. It also includes low 

level functions that allow us tom fully customize the appearance of graphics as well as to 

build complete graphical user interfaces on the MATLAB applications. 

            MATLAB is a powerful programming language as well as an interactive 

computational environment. Files that contain code in the MATLAB language are called M-

files. You create M-files using a text editor, then use them as you would any other MATLAB 

function or command. There are two kinds of M-files: scripts, which do not accept input 

arguments or returns output arrangements. 

Introduction to SIMULINK: 

 Simulink is a software package that enables us to model, simulate and analyze 

systems whose outputs change over time. Such systems are often referred to as dynamic 

systems. Simulink can be used to explore the behaviour of a wide range of a wide range of 

real world real world dynamic systems, including electrical circuits, shock absorbers, 

brakingSystems and many other electrical, mechanical and thermodynamic systems. 

Simulating a dynamic system is a two step process with simulink first, creating a graphical 

model of the system to be simulated, using the simulink model editor. The model depicts the 

time dependent mathematical relationships among the systems inputs, states, the outputs (see  
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modeling dynamic systems). Then, we use simulink to simulate the behaviour of the system 

over a specified time span. Simulink uses information that to entered into the model to 

perform the simulation (see simulating dynamic systems). 

              Simulink block diagrams use lines to represent pathways for signals among blocks in 

a model. Simulink can connect blocks for we connect blocks our self by drawing lines from 

their output ports to their input ports. Automatically connecting blocks we can command 

simulink to connect blocks automatically. This eliminates the need for we draw the 

connecting lines ourselves. When connecting blocks, simulink routes lines around intervening 

blocks to avoid cluttering the diagram. 

         To create a new model, click the new button on the library browser’s toolbar or choose 

new from the library windows file menu and select model. You can move the window as we 

do other windows. Quick start describes how to build a simple model. Modeling equation 

describes how to build systems that model equations. 

5.1.1 BLOCKS USED FROM SIMULINK LIBRARY USER 

Block         Library 

In port     Ports & sub systems, Sources 

Out port     Ports & sub systems, Sinks 

Gain                Math operations 

Sum                           Math operations 

Product     Math operations 

Constant     Sources 

Scope     Sinks 

 

Switch                Signal Routing 
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Lookup and direct    Lookup tables 

 

Sine wave                Sources 

Quantizer                Discontinuities 

To workspace                          Sinks 

Continuous  (powergui block)             Power lib 

5.1.2 DESCRIPTION OF VARIOUS SIMULINK LIBRARY BLOCKS USED 

IN SIMULATION MODEL     

• Gain 

Multiply the input by a constant 

Library 

Math Operations 

Description 

 

The Gain block multiplies the input by a constant value (gain). The input and the gain can 

each be a scalar, vector, or matrix.You specify the value of the gain in the Gain parameter. 

The Multiplication parameter lets you specify element-wise or matrix multiplication. For 

matrix multiplication, this parameter also lets you indicate the order of the multiplicands.The 

gain is converted from doubles to the data specified in the block mask offline using round-to-

nearest and saturation. The input and gain are then multiplied and the result is converted to 

the output data type using the specified rounding and overflow modes. 
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Data Type Support 

The Gain block accepts a real or complex scalar, vector, or matrix of any data type supported 

by Simulink except Boolean. The Gain block supports fixed-point data types. If the input of 

the Gain block is real and the gain is complex, the output is complex. 

• Sum 

Add or subtract inputs 

Library 

Math Operations 

Description 

 

The Sum block performs addition or subtraction on its inputs. This block can add or subtract 

scalar, vector, or matrix inputs. It can also collapse the elements of a single input vector. 

You specify the operations of the block with the List of Signs parameter. Plus (+), 

minus (-), and spacer (|) characters indicate the operations to be performed on the inputs: 

• If there are two or more inputs, then the number of characters must equal the number of 

inputs. For example, "+-+" requires three inputs and configures the block to subtract the 

second (middle) input from the first (top) input, and then add the third (bottom) input. All 

nonscalar inputs must have the same dimensions. Scalar inputs will be expanded to have the 

same dimensions as the other inputs. 

• A spacer character creates extra space between ports on the block's icon. 

• If only addition of all inputs is required, then a numeric parameter value equal to the number 

of inputs can be supplied instead of "+" characters. 
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• If only one vector is input, then a single "+" or "-" will collapse the vector using the specified 

operation. 

The Sum block first converts the input data type(s) to the output data type using the specified 

rounding and overflow modes, and then performs the specified operations. 

Data Type Support 

The Sum block accepts real or complex signals of any data type supported by Simulink, 

including fixed-point data types. The inputs may be of different data types unless you select 

the require all inputs to have same data type parameter. 

 

• Product 

Multiply or divide inputs 

Data Type Support 

The Sum block accepts real or complex signals of any data type supported by Simulink, 

including fixed-point data types. The inputs may be of different data types unless you select 

the required all inputs to have same data type parameter.   

Library 

Math Operations 

Description 

 

The Product block performs multiplication or division of its inputs. This block produces 

outputs using either element-wise or matrix multiplication, depending on the value of the 

Multiplication parameter. 

28 



 
 

You specify the operations with the Number of inputs parameter. Multiply(*) and divide(/) 

characters indicate the operations to be performed on the inputs: 

• If there are two or more inputs, then the number of characters must equal the number of 

inputs. For example, "*/*" requires three inputs. For this example, if the Multiplication 

parameter is set to Element-wise, the block divides the elements of the first (top) input by the 

elements of the second (middle) input, and then multiplies by the elements of the third 

(bottom) input. In this case, all non scalar inputs to this block must have the same 

dimensions. 

• If, however, the Multiplication parameter is set to Matrix, the block output is the matrix 

product of the inputs marked "*" and the inverse of inputs marked "/", with the order of 

operations following the entry in the Number of inputs parameter. The dimensions of the 

inputs must be such that the matrix product is defined. Note    To perform a dot product on 

input vectors, use the Dot Product block. 

• If only multiplication of inputs is required, then a numeric parameter value equal to the 

number of inputs can be supplied instead of "*" characters. This may be used in conjunction 

with either element-wise or matrix multiplication. 

• If a single vector is input and the Multiplication parameter is set to Element-wise, then a 

single "*" will cause the block to output the scalar product of the vector elements. A single 

"/" will cause the block to output the inverse of the scalar product of the vector elements. 

• If a single matrix is input and the Multiplication parameter is set to Element-wise, then a 

single "*" or "/" will cause the block to error out. If, however, the Multiplication parameter is 

set to Matrix, then a single "*" will cause the block to output the matrix unchanged, and a 

single "/" will cause the block to output the inverse of the matrix. 

The Product block first performs the specified multiply or divide operations on the inputs, 

and then converts the results to the output data type using the specified rounding and 

overflow modes. 
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Data Type Support 

The Product block accepts real or complex signals of any data type supported by Simulink, 

except Boolean. The Product block supports fixed-point data types. 

 

• Constant 

Generate a constant value 

Library 

Sources 

Description 

 

The Constant block generates a real or complex constant value. The block generates scalar 

(1x1 2-D array), vector (1-D array), or matrix (2-D array) output, depending on the 

dimensionality of the Constant value parameter and the setting of the Interpret vector 

parameters as 1-D parameter. 

The output of the block has the same dimensions and elements as the Constant value 

parameter. If you specify a vector for this parameter, and you want the block to interpret it as 

a vector (i.e., a 1-D array), select the Interpret vector parameters as 1-D parameter; otherwise, 

the block treats the Constant value parameter as a matrix (i.e., a 2-D array). 

Data Type Support 

By default, the Constant block outputs a signal whose data type and complexity are the same 

as that of the block's Constant value parameter. However, you can specify the output to be 

any supported data type supported by Simulink, including fixed-point data types. 
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• Scope 

Display signals generated during a simulation 

Library 

Sinks 

Description 

 

The Scope block displays its input with respect to simulation time. The Scope block can have 

multiple axes (one per port); all axes have a common time range with independent y-axes. 

The Scope allows you to adjust the amount of time and the range of input values displayed. 

You can move and resize the Scope window and you can modify the Scope's parameter 

values during the simulation. 

When you start a simulation, Simulink does not open Scope windows, although it does write 

data to connected Scopes. As a result, if you open a Scope after a simulation, the Scope's 

input signal or signals will be displayed. 

If the signal is continuous, the Scope produces a point-to-point plot. If the signal is discrete, 

the Scope produces a stair-step plot. 

The Scope provides toolbar buttons that enable you to zoom in on displayed data, display all 

the data input to the Scope, preserve axis settings from one simulation to the next, limit data 

displayed, and save data to the workspace. The toolbar buttons are labeled in this figure, 

which shows the Scope window as it appears when you open a Scope block. 

• Sine Wave 

Generate a sine wave 
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Library 

Sources 

Description 

 

 

The Sine Wave block provides a sinusoid. The block can operate in either time-based or 

sample-based mode. 

Time-Based Mode 

The output of the Sine Wave block is determined by 

Y=Amplitude x sin(frequency x time +phase)+bias 

Time-based mode has two submodes: continuous mode or discrete mode. The value of the 

Sample time parameter determines whether the block operates in continuous mode or discrete 

mode: 

0 (the default) causes the block to operate in continuous mode.   

>0 causes the block to operate in discrete mode. 

Using the Sine Wave Block in Continuous Mode 

A Sample time parameter value of 0 causes the block to operate in continuous mode. 

When operating in continuous mode, the Sine Wave block can become inaccurate due to 

loss of precision as time becomes very large. 
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Using the Sine Wave Block in Discrete Mode 

A sample time parameter value greater than zero causes the block to behave as if it were 

driving a Zero-Order Hold block whose sample time is set to that value. 

Using the Sine Wave block in this way allows you to build models with sine wave 

sources that are purely discrete, rather than models that are hybrid continuous/discrete 

systems. Hybrid systems are inherently more complex and as a result take longer to 

simulate. 

To Workspace 

Write data to the workspace 

Library 

Sinks 

Description 

 

The To Workspace block writes its input to the workspace. The block writes its output 

to an array or structure that has the name specified by the block's Variable name 

parameter. The save format determines the output format. 

• Powergui 

Graphical user interface for the analysis of circuits and systems 

Library 

Powerlib 
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Description 

 

The Powergui block provides useful graphical user interface (GUI) tools for the 

analysis of SimPowerSystems models. Copy the Powergui block into the top level 

of your model and double-click the block to open the interface. 

What the Powergui Block Does? 

The Powergui block allows you to choose one of three methods to solve your circuit: 

• Continuous method, which uses a variable step solver from Simulink. 

• Discretization of the electrical system for a solution at fixed time steps. 

• Phasor solution method. 
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CHAPTER 6 

 PROJECT OVERVIEW 

6.1 Model Circuit Diagram 

             It shows the isolated pico hydro generating system that consists of an IAG(Isolated 

Asynchronous Generator), excitation capacitor, consumer loads, and conventional ELC(six-

pulse diode rectifier with the chopper). 

 

6.1 Model Circuit Diagram Of Proposed System 
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6.2 Working: 

                The electronic load controller (ELC) consists of 3-phase uncontrolled rectifier, 

chopper switch (insulated gate bipolar transistor (IGBT)) and auxiliary load(additional load). 

The 6-pulse diode bridge rectifier converts the AC terminal voltage of induction generator to 

DC voltage. A capacitor is connected across the uncontrolled rectifier to filter out the ripples 

and is given to IGBT. 

                The IGBT is used as chopper switch to provide variable DC voltage across 

auxiliary load. When chopper is switch ON, the current flows through auxiliary load and 

consumes the difference power (generated power-consumer load power) which results in 

constant load on isolated asynchronous generator and hence, constant voltage and frequency 

at varying consumer loads can be obtained. Duty cycle of chopper is varied by analog-

controller-based Proportional-Integral (PI) regulator.  

                  The sensed terminal voltage is compared with reference voltage and generates an 

error signal which is processed through PI controller. The output of PI is compared with fixed 

frequency saw tooth wave to generate varying duty cycle switching signal for chopper switch. 

                   According to the principle of operation of the system, the suitable value of 

capacitors is connected to generate rated voltage at desired power. The input power of the 

Isolated Asynchronous Generator (IAG) is held constant at varying consumer loads. Thus, 

IAG feeds two loads (consumer load+ ELC) in parallel such that the total power is constant. 

                             --------------(6.1) 

Where,  

P gen  = generated power by the IAG (Isolated Asynchronous Generator)(should be kept 

constant), 

 P load  = consumed power by consumers and 

P elc   = power absorbed by the ELC 

                        Initially consumer load is OFF and ELC is consuming full 7.5KW power to 

auxiliary load.  At 2sec, a consumer load of around 5KW is switched ON and it is observed  
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that to control constant power at generator terminal, the current drawn by ELC is reduced, 

while on removal of consumer loads at 2.3sec, it is again increased. Because of using 6-pulse 

diode bridge rectifier ELC, the distortion in generator voltage and current is observed; 

magnitude and frequency of generated voltage are controlled. 
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CHAPTER 7 

SIMULATION 

7.1 Simulation of 24-Pulse Circuit Diagram 

 

Fig.7.1.1 Simulation circuit diagram of 24-pulse 
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7.1.2 Waveforms of generated voltage (Vabc), current (Iabc), load current    (Iabcl) and 

controlled current (Iabcd) respectively. 
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7.1.3. Waveforms of Diode currents of phase-a (ida), phase-b (idb) and 

phase–c (idc) respectively. 

 

7.1.4 .Waveforms of power (p) frequency (f) and machine speed (w) respectively. 
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7.2 ADVANTAGES AND DISADVANTAGES  

 ADVANTAGES: 

a) Apart from consumer load, remaining power will be utilized by auxiliary load for cooking, 

water heating, battery charging, etc., 

b) Less maintenance cost 

c) Less harmonics 

 DISADVANTAGES: 

a)  It is not applicable for high power applications (upto 10 KW only) 

b) ELC provides effective control but it will derate the machine.  
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CHAPTER 8 

CONCLUSION 

The study of proposed Stand Alone System is carried out in MATLAB using SIMULINK and 

Power System Block set toolboxes. Experimental validation is carried out for ELC for 

regulating the voltage and frequency of an isolated asynchronous generator driven by 

uncontrolled pico-hydro turbine at varying consumer load. 
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PROJECT PROFORMA 

 

 

Classification of Project 

Application Product Research Review 

  
✓ 

 

Note: Tick Appropriate category. 

 

 

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

 

Mapping Table 

 

Project 

Outcome

s 

Programme 

Outcomes (POs) 

PSOs 

PO

1 

PO

2 

PO

3 

PO

4 

PO

5 

PO

6 

PO

7 

PO

8 

PO

9 

PO1

0 

PO1

1 

PO1

2 

PSO

1 

PSO

2 

Outcom

e 1 

2 1 2 1 2 1 1 2 2 2 3 2 2 3 

Outcom

e 2 

3 2 3 2 1 1 1 3 3 3 1 3 3 3 

Outcom

e 3 

3 3 2 1 1 1 1 2 3 2 1 2 2 2 

Outcom

e 4 

3 3 2 2 1 1 1 2 3 2 1 2 2 2 

 

Note: Map each project outcomes with POs and PSOs with 

either1or 2 or 3 based on level of mapping as follows: 

      1-Slightly (Low) mapped 2-Moderately (Medium) mapped 3-Substantially 

(High) mapped 



 
 

Programme Outcomes: 

• Engineering knowledge: Apply the knowledge of mathematics, 

science, engineering fundamentals and an engineering specialization for 

the solution of complex engineering problems. 

• Problem analysis: Identify, formulate, research literature, and analyze 

complex engineering problems reaching substantiated conclusions 

using first principles of mathematics, natural sciences, and engineering 

sciences. 

• Design/development of solutions: Design solutions for complex 

engineering problems and design system components or processes that 

meet the specified needs with appropriate consideration for public 

health and safety, and cultural, societal, and environmental 

considerations. 

• Conduct investigations of complex problems: Use research-based 

knowledge and research methods including design of experiments, 

analysis and interpretation of data, and synthesis of t h e information 

to provide valid conclusions. 

• Modern tool usage: Create, select, and apply appropriate 

techniques, resources, and Modern engineering and IT tools, 

including prediction and modeling to complex engineering activities, 

with an understanding of the limitations. 

• The engineer and society: Apply reasoning informed by the 

contextual knowledge to assess societal, health, safety, legal, and 

cultural issues and the consequent responsibilities relevant to the 

professional engineering practice. 

• Environment and sustainability: Understand the impact of the 

professional engineering solutions in societal and environmental 

contexts, and demonstrate the knowledge of, and need for 

sustainable development. 

• Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of the engineering practice. 



 
 

• Individual and team work: Function effectively as an individual, and 

as a member or leader in diverse teams, and in multidisciplinary 

settings. 

• Communication: Communicate effectively on complex engineering 

activities with the engineering community and with the society at 

large, such as, being able to comprehend and write effective reports 

and design documentation, make effective presentations, and give 

and receive clear instructions. 

• Project management and finance: Demonstrate knowledge and understanding 

of the engineering and management principles and apply these to one’s own 

work, as a member and leader in a team, to manage projects and in 

multidisciplinary environments. 

• Life-long learning: Recognizes the need for, and have the 

preparation and ability to engage in independent and life-long 

learning in the broadest context of technological change. 

 

Programme Specific Outcomes(PSO): 

• Apply the knowledge of circuit design, analogy & digital 

electronics to the field of electrical and electronics systems 

• Analyze, design and develop control systems, industrial drives and 

power systems using modern tools. 
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NOMENCLATURE 

 

RFID                  Radio Frequency Identification 

GSM                   Global System for Mobile communication 

            OTP                             One Time Password 
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 SPI   Serial Peripheral Interface 

MOSI   Master Out Slave In 

 MISO   Master In Slave Out 
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ABSTRACT 
 

 

          This project work undertaken, aims at designing and implement a secured 

locker system which can be employed in a secured zone where only authentic person can 

open it using RFID and GSM technologies. 

RFID Radio Frequency Identification is an inexpensive technology, can be 

implemented for several applications such as security, asset tracking, people tracking, 

inventory detection, access control applications.  

  The RFID reader reads the ID number from passive tag and sends to the micro 

controller, if the ID number is valid then an OTP will be sent to the pre-defined mobile 

number.  

The person can access the door only if he/she send back the same OTP that is received 

by the pre-defined mobile number.  

A security locker system is implemented using passive type of RFID which can activate, 

authenticate, and validate the user and unlock the locker door in real time for secure access. 

 



Page | 1  

 

CHAPTER 1 

INTRODUCTION 
 

In this present age, safety has becomes an essential issue for most of the people. Some 

people will try to steal the property which may endanger the safety of money in the bank, 

house, and office. To overcome the security threat, a most of people will install bunch of 

locks or alarm system.  

There are many types of alarm systems available in the market which utilizes different 

types of sensor. The sensor can detect different types of changes occur in the surrounding and 

the changes will be processed to be given out an alert according to the pre-set value. By the 

same time this system may not be good for all the time. 

 In this project we have implemented safety of the money in the bank locker, house, 

and office by using RFID and GSM technology which will be more secure than other 

systems. Radio-frequency identification (RFID) based access-control system allows only 

authorized persons to open the bank locker with GSM technology. 

 Basically, an RFID system consists of an antenna or coil, a transceiver (with decoder) 

and a transponder (RF tag) electronically programmed with unique information. There are 

many different types of RFID systems in the market. These are categorized on the basis of 

their frequency ranges. Some of the most commonly used RFID kits are low-frequency (30-

500 kHz), mid-frequency (900 kHz-1500MHz) and high-frequency (2.4-2.5GHz). The 

passive tags are lighter and less expensive than the active tags.  

Global system for mobile communication (GSM) is a globally accepted standard for 

digital cellular communication. GSM is a common European mobile telephone standard for a 

mobile cellular radio system operating at 900 MHz. In the current work, SIM800L GSM 

module is used. The SIM800L module is a miniature GSM/GPRS solution in a compact plug 

in module featuring an industry-standard interface. 
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1.1 Existing System 
  

Manual locking system is the one of the existing methods which is widely used by the 

banking system. It is insecure when the key was lost and manual interference. One more 

conventional method is digital locking system it is also insecure if any one hacks the 

password. 

 

1.2 Proposed System 

 In this proposed system the person scans the RFID tag and receive a OTP though the 

micro controller to the pre-defined mobile number. The person can access the locker only 

when the OTP is returned to the micro controller. If the scanned tag is invalid then the pre-

defined mobile number will receive an alert message through micro controller. 
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CHAPTER 2 

BLOCK DIAGRAM, SHEMATIC DIAGRAM AND WORKING 

 

 

 

2.1 Block Diagram 
 

 

 

  
 

Fig. 2.1: Block Diagram of RFID and GSM based locker security system. 
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2.2 Schematic Diagram 

 

 
           
         Fig. 2.2: Schematic Diagram of RFID and GSM based locker security system. 
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2.3 Working 

  
 Initially when the person keeps the RFID tag closer to the RFID reader module then 

the reader reads the data and send that data to the micro controller. If the tag is valid then the 

micro controller generates a One Time Password and send that as a text message to the pre-

defined mobile number using the GSM module. 

 After receiving the message, the person should enter the password through an sms and then 

the microcontroller compares the two messages and gives the access to open the locker if it is 

correct. If the password is invalid, then the micro controller gives an alert message to the pre-

defined mobile number. If the RFID tag is invalid, then also we will get an alert message. 
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CHAPTER 3 

MICROCONTROLLER CODING 

 

#include <LiquidCrystal.h> 

int bzr=13; 

int rly=6; 

char RFID1[12]; 

const int sw=9; 

long rn; 

String rns,psw; 

char message[64]; 

char c; 

String readString; 

unsigned int count=0; 

// initialize the library with the numbers of the interface pins 

LiquidCrystal lcd(12, 11, 2, 3, 4, 5); 

#include <SoftwareSerial.h> 

SoftwareSerial RFID(7, 8);// tx, rx 

unsigned int j=0; 

  

void setup()   

{ 

  lcd.begin(16, 2); 

  Serial.begin(9600); 

  pinMode(bzr,OUTPUT); 

  pinMode(rly,OUTPUT); 

  pinMode(sw,INPUT_PULLUP); 

  RFID.begin(9600); 

   

 lcd.setCursor(0, 0); 

 lcd.print("LOCKER SECURITY"); 
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 lcd.setCursor(0, 1); 

 lcd.print(" SYSTEM USING  "); 

 delay(2000); 

 lcd.setCursor(0, 0); 

 lcd.print("  RFID & GSM   "); 

 lcd.setCursor(0, 1); 

 lcd.print("* TECHNOLOGY  *"); 

 delay(2000); 

 randomSeed(analogRead(0)); 

  } 

 

void loop()                     // run over and over again 

{ 

lcd.clear(); 

lcd.setCursor(0, 0); 

lcd.print("   Waiting For  "); 

lcd.setCursor(0, 1); 

lcd.print(" RFID CARD......"); 

digitalWrite(rly,0); 

do{ 

if(RFID.available()) 

{ 

 RFID1[count] = RFID.read();//storing 12 characters one by one 

 count++; 

// if (count==12) 

  

}}while(count<12); 

count = 0; 

if(!strncmp(RFID1,"0700103A361B",12)) 

{ 

lcd.clear(); 

lcd.setCursor(0, 0); 



Page | 8  

 

lcd.print("   Vallied      "); 

lcd.setCursor(0, 1); 

lcd.print(" RFID CARD......"); 

sendSMS(); 

digitalWrite(bzr,0);  

gsminirx(); 

} 

else{ 

lcd.clear(); 

lcd.setCursor(0, 0); 

lcd.print("   InVallied    "); 

lcd.setCursor(0, 1); 

lcd.print(" RFID CARD......"); 

delay(1000); 

} 

} 

 

void sendSMS() 

{ 

  rn=random(1000,9999); 

  rns=String(rn,DEC); 

  Serial.print("AT+CMGF=1\r");                                           // AT command to send SMS message 

  delay(2000); 

  Serial.println("AT+CMGS=\"+917780778982\"");               

  delay(1000); 

  Serial.print("YOUR OTP: "); 

  delay(1000); 

  Serial.print(rn);              // message to send 

  delay(1000); 

  Serial.println((char)26);                                    // End AT command with a ^Z, ASCII code 26 

  delay(3000);  
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  lcd.clear(); 

  lcd.setCursor(0, 0);   

  lcd.print(" Sending SMS.. "); 

  lcd.setCursor(0, 1); 

  lcd.print("               "); 

  Serial.print("AT+CMGF=1\r");                                          // AT command to send SMS message 

  delay(2000); 

  Serial.println("AT+CMGS=\"+916305377515\"");                                      

  delay(1000); 

  Serial.print("YOUR OTP: "); 

  delay(1000); 

  Serial.print(rn);                                                                      // message to send 

  delay(1000); 

  Serial.println((char)26);                                          // End AT command with a ^Z, ASCII code 26 

  delay(3000);  

   

  } 

  void sendSMS1() 

{ 

  digitalWrite(bzr,1); 

  Serial.print("AT+CMGF=1\r");                                           // AT command to send SMS message 

  delay(2000); 

  Serial.println("AT+CMGS=\"+917780778982\"");             

  delay(1000); 

  Serial.print("Alert! Alert! Someone is Trying to open your locker "); 

  delay(1000); 

  Serial.print(rn);                                                                     // message to send 

  delay(1000); 

  Serial.println((char)26);                                          // End AT command with a ^Z, ASCII code 26 

  delay(3000);  
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  Serial.print("AT+CMGF=1\r");                                          // AT command to send SMS message 

  delay(2000); 

  Serial.println("AT+CMGS=\"+916305377515\"");                                     

  delay(1000); 

  Serial.print("Alert! Alert! Someone is Trying to open your locker "); 

  delay(1000); 

  Serial.print(rn);        // message to send 

  delay(1000); 

  Serial.println((char)26);                       // End AT command with a ^Z, ASCII code 26 

  delay(3000);  

  digitalWrite(bzr,0); 

}   

 

void gsminirx() 

{              

 // AT COMMANDS  

char AT_ERS1[]="AT+CMGD=1"; 

char AT_ERS2[]="AT+CMGD=2"; 

char AT_ERS3[]="AT+CMGD=3"; 

char AT_ERS4[]="AT+CMGD=4"; 

char AT_ERS5[]="AT+CMGD=5"; 

char gsm_cmd41[]="AT+CMGF=1"; 

char gsm_cmd51[]="AT+CNMI=2,2,0,0,0"; 

Serial.println(AT_ERS1); 

delay(1000); 

Serial.println(AT_ERS2); 

delay(1000); 

Serial.println(AT_ERS3); 

delay(1000); 

Serial.println(AT_ERS4); 

delay(1000); 
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Serial.println(AT_ERS5); 

delay(1000); 

Serial.println(gsm_cmd41); 

delay(1000); 

Serial.println(gsm_cmd51); 

delay(2000); 

Recievedata(); 

} 

 

void Recievedata() 

{  

lcd.clear(); 

lcd.setCursor(0,0);   

lcd.print("Waiting For ");    

lcd.setCursor(0,1);   

lcd.print("SMS..... "); 

 

    

 while(Serial.read()=='+');   // chacking message format  

        while(Serial.read()=='C'); 

        while(Serial.read()=='M'); 

        while(Serial.read()=='T'); 

        while(Serial.read()==':'); 

        while(Serial.read()=='"');      

        while(Serial.read()=='\n'); 

        delay(3000); 

      for(count=0;count<6;count++)    // storing msg in a buffer 

  {             

     message[count]=Serial.read(); 

                readString=message[count]; 

     if(message[count]=='\r') 

  break; 
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  } 

   message[count]='\0'; 

 String x=readString.substring(0,4) ;  

    if(x==rns) 

    { 

   digitalWrite(rly,1); 

    lcd.clear(); 

lcd.setCursor(0,0);   

lcd.print("Authentication");    

lcd.setCursor(0,1);   

lcd.print("Success!!!!!  "); 

delay(2000); 

digitalWrite(rly,0); 

    } 

    else 

    { 

digitalWrite(rly,0); 

lcd.clear(); 

lcd.setCursor(0,0);   

lcd.print("   Invallied  ");    

lcd.setCursor(0,1);   

lcd.print("   user OTP   "); 

sendSMS1(); 

while(1);  

    } 

readString="\0"; 

x="\0"; 

      

}    
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CHAPTER 4 

ARDUINO AND MICRO CONTROLLER 

 

4.1 ARDUINO UNO 

 Arduino Uno is a microcontroller board based on the ATmega328P. It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz quartz 

crystal, a USB connection, a power jack, an ICSP header and a reset button. It contains 

everything needed to support the microcontroller; simply connect it to a computer with a USB 

cable or power it with a AC-to-DC adapter or battery to get started. 

 "Uno" means one in Italian and was chosen to mark the release of Arduino Software 

(IDE) 1.0. The Uno board and version 1.0 of Arduino Software (IDE) were the reference 

versions of Arduino, now evolved to newer releases. The Uno board is the first in a series of 

USB Arduino boards, and the reference model for the Arduino platform; for an extensive list 

of current, past or outdated boards see the Arduino index of boards. The Uno differs from all 

preceding boards in that it does not use the FTDI USB-to-Serial driver chip. Instead it features 

the ATmega16U2 programmed as a USB-to-serial converter. 

 Arduino boards are relatively inexpensive compared to other microcontroller platforms. 

Most microcontrollers systems are limited to Arduino. But Arduino software(IDE) runs on 

windows, Macintosh OSX and Linux operating systems. Thus Arduino simplifies the process 

of working with the microcontrollers. 

 

The board has the following new features: 

• Stronger RESET circuit. 

• AT mega 16U2 replace the 8U2. 

• Pin out: added SDA and SCL pins that are nearer to AREF pin and two other new 

pins are placed near RESET pin. 
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Fig. 4.1: Arduino UNO  

4.2 MICRO CONTROLLER: 

  The Arduino UNO is based on ATmega328p microcontroller and it also has 

ATmega16U microcontroller. 

 1.ATmega328p It is the bran of the Arduino and it is a high performance Atmel Pico 

 power 8 bit AVR RISC based microcontroller which is capable of executing powerful 

 instruction in single clock cycle. 

 2.ATmega16U2 This microcontroller takes care of the USB connection and ICSP 

 boot loader. 

4.3 Technical Specifications: 

  

• Input voltage   : 6-20V 

• Digital I/O pins  : 14 

• PWM I/O pins   : 6 

• Analog input pins  : 6 

• DC current per I/O pins : 20mA 

• DC current for 3.3V pin : 50mA 

• Flash memory   : 32 KB 

• EEPROM   : 1 KB 

• Clock Speed   : 16 MHz  

Power: 

 The Arduino UNO has super convenient power management and built-in voltage 

regulation. 

The Arduino can be directly powered through USB or external power supply. 
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The external power supply can be given by 

• Connecting power source (7-12v DC) to DC power jack (or) 

• Connecting a battery lead to Vin and Gnd. 

• 5V and 3.3V pins These pins can be used to provide power to sensors and 

• modules when connecting it to. 

• Arduino IOREF This pin provides voltage reference with which the 

• microcontroller operates. 

Memory: 

 The Atmega328 has a flash memory of 32KB. It also has 2KB of RAM and 

1KB of EEPROM. 

 

Reset: 

 Bring this line LOW to reset the microcontroller. 

Input and Output: 

 Each of the 14 digital pins of the Arduino board can be used as input or output digital 

wire and digital read functions. They operate at 5v. 

Digital Pins pin 0 to pin 13 

In which pin 0 and pin 1 are used to receive and transmit serial data. 

PWM  3,5,6,9,10,11 These 6 pins can be used as PWM (Pulse width 

Modulation) pins. Using these pins you can control the voltage in turn you can control the 

brightness of led, speed of the motor or whatever you wish to by varying the voltage. 

Communication: 

 UNO has communication protocols like UART serial communication, SPI and I2C. 

UART (Universal Asynchronous Receiver Transmitter) 

 UNO has digital pin0(RX) and digital pin1(TX) for UART TTL serial communication. 
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SPI (Serial Peripheral Interface) 

Pin11: MOSI - The Master line for sending data to the peripherals. 

Pin12: MISO - The Slave line for sending data to the Master. 

Pin13: SCK – The clock pulse which synchronize data transmission generated by the master. 

Clock: 

 It has 16MHz clock on board makes it fast and speediest microcontroller. 

Other Features: 

• A Led on board is mapped to pin13 for debugging and testing purpose. 

• A power Led to indicate power. 

• Two Led for RX and TX which blinks when the serial communication takes place. 
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CHAPTER 5 

RFID AND GSM 

5.1 RFID (Radio Frequency Identification) 

 Basically, an RFID system consists of an antenna or coil, a transceiver (with 

decoder) and a transponder (RF tag) electronically programmed with unique information. 

There are many different types of RFID systems in the market. These are categorized on the 

basis of their frequency ranges. Some of the most commonly used RFID kits are low-

frequency (30-500 kHz), mid-frequency (900 kHz-1500MHz) and high-frequency (2.4-

2.5GHz). The passive tags are lighter and less expensive than the active tags.  

5.2 RFID Reader Module: 

This board is based on the EM-18 RFID Module. Using the board with 

microcontrollers to read a card's data is very simple and requires just a serial connection. The 

board has a 5V voltage regulator so it can be powered by 9~15V DC adaptor. Module can 

also be powered through header wires (+5V & GND) from other interfacing board. 

The board has power indication LED (Labelled Red in colour) and to indicate the 

detection of Card/Tag, it has a LED (Labelled Green in colour) and Buzzer. SEL selection 

jumper is used to switch between two output formats: 

• Serial O/P from TTL/CMOS Pin (Microcontroller Compatible) and RS232 

O/P from DB9 Female Connector. 

• Weigand26 O/P from ONLY DATA2 (It is DATA0 pin of EM-18) & DATA1 

(It is DATA1 pin of EM-18) Pins. 

 

Fig. 5.1: Pin diagram of EM-18 Reader Module 
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Features: 

• Low-cost method for reading passive RFID transponder tags. 

• 9600 bps serial interface. 

• 125 KHz Operating Frequency. 

• Reads EM4100 compatible transponders. 64bit Read Only (Manchester 64-bit, 

• Modulus64). 

• Read Distance up to: 6~10cm for cards, and 5cm for key-tags. 

• On board LED (Green) for Pass indication. 

• On board Buzzer for Pass indication. 

• Integrated RFID Coil Antenna. 

• Serial UART out from pin headers (TTL/CMOS) and RS232 (DB9). 

 

Technical Specifications: 

• Supply Voltage : 4.6 V to 5.4 V DC 

• Current  : 65mAmp 

• Card/Tag Format : EM4001  

• Frequency  : 125KHz 

• Encoding  : Manchester 64-bit, Modulus64 

• Operating Temp.  : 0℃ to 85℃ 

 

 

Typical Applications: 

 
• e-Payment  

• e-Toll Road Pricing  

• e-Ticketing for Events  

• e-Ticketing for Public Transport  

• Access Control  

• PC Access  

• Authentication  

• Printer / Production Equipment 
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5.3 SIM800L GSM MODULE 

 The SIM800L is a quad-band GSM/GPRS module, that works on frequencies 

GSM850MHz, EGSM900MHz, DCS1800MHz and PCS1900MHz where it can meet all the 

space requirements in user applications, such smart phone, PDA and other mobile devices. It 

has a micro SIM slot. Antenna for the network signal, microphone, speaker pin outs and ring. 

The power supply requirements for this module is strictly 3.4 to 4.4V DC with the minimum 

2A. This module should not be directly connected to the Arduino board or any 5V source 

without voltage regulator. 

 

Fig. 5.3: Pin diagram of SIM800L GSM MODULE 

Features: 

• With power saving technique for low current consumption. 

• Audio channel which includes two microphone input, a receiver output and a 

speaker output. 

• External antenna pad. 

Technical Specifications: 

• Power supply   : 3.4V to 4.4V DC 

• Current required  : 1A to 2.6A 

• Band frequency  : Quad-band 

• Baud rate   : 9600bps 

• Working temperature  : -40℃ to +85℃ 

• SIM Interface   : 1.3V, 3V 
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CHAPTER 6 

LCD AND POWER SUPPLY  

6.1 LCD DISPLAY 

  LCD modules are very commonly used in most embedded projects, the reason 

being its cheap price, availability and programmer friendly. Most of us would have come across 

these displays in our day to day life, either at PCO’s or calculators. The appearance and the 

pinouts have already been visualized above now let us get a bit technical. 

16×2 LCD is named so because; it has 16 Columns and 2 Rows. There are a lot of combinations 

available like 8×1, 8×2, 10×2, 16×1, etc. but the most used one is the 16×2 LCD. So, it will 

have (16×2=32) 32 characters in total and each character will be made of 5×8 Pixel Dots 

 

 

Fig. 6.1: Pin Diagram of 16×2 LCD 

 

 

 

6.2 Features of 16×2 LCD module 

• Operating voltage is 4.7V to 5.3V 

• Current consumption 1mA 

• Each character is built by 5×8 pixel box 

• Can work on both 8-bit and 4-bit mode. 
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6.3 POWER SUPPLY  

 The Power Supply is a Primary requirement for the project work. The required DC 

power supply for the base unit is derived from the mains line. For this purpose center tapped 

secondary of 12V-0-12V transformer is used. From this transformer we getting 5V power 

supply. In this +5V output is a regulated output and it is designed using 7805 positive voltage 

regulator. This is a 3 Pin voltage regulator, can deliver current up to 800 milliamps. 

Rectification is a process of rendering an alternating current or voltage into a unidirectional 

one. The component used for rectification is called Rectifier. A rectifier allows its current to 

flow only during positive half cycles of the applied AC voltage. Thus, pulsating DC is 

obtained to obtain smooth DC power additional filter circuits required. 

 

Fig. 6.2 : Power Supply Block Diagram 

6.4 Regulator (LM7805): 

  A variable regulated power supply, also called a variable bench power supply, 

is one where you can continuously adjust the output voltage to your requirements. Varying 

the output of the power supply is the recommended way to test a project after having double 

checked parts placement against circuit drawings and the parts placement guide. This type of 

regulation is ideal for having a simple variable bench power supply. Actually this is quite 

important because one of the first projects a hobbyist should undertake is the construction of 

a variable regulated power supply. While a dedicated supply is quite handy e.g. 5V or 12V, 

it’s much handier to have a variable supply on hand, especially for testing. Most digital logic 

circuits and processors need a 5V power supply. To use these parts we need to build a 
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regulated 5 volt source. Usually you start with an unregulated power supply ranging from 9V 

to 24V DC (A 12V power supply is included with the Beginner Kit and the Microcontroller 

Beginner Kit.). To make a 5V power supply, we use a LM7805 voltage regulator IC 

(Integrated Circuit). The IC is shown below. 

 

Fig. 6.3 : Regulator(LM7805) 

 Features: 

• Output Current up to 1A 

• Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V 

• Thermal Overload Protection 

• Short Circuit Protection 

• Output Transistor Safe Operating Area Protection 

6.5 CAPACITOR 

  A capacitor is a passive two-terminal electrical components that stores electrical 

energy in an electrical field. The effect of a capacitor is known as capacitance. While 

capacitance exists between any two electrical conductors of a circuit in sufficiently close 

proximity, a capacitor is specifically designed to provide and enhance this effect for a variety 

of practical applications by consideration of size, shape, and positioning of closely spaced 

conductors, and the intervening dielectric material. A capacitor was therefore historically first 

known as an electric condenser. 
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Fig. 6.4 : Capacitor 

 The physical form and construction of practical capacitors vary widely and many 

capacitor types are in common use. Most capacitors contain at least two electrical conductors 

often in the form of metallic plates or surfaces separated by a dielectric medium. Capacitors 

are widely used as parts of electrical circuits in many common electrical devices. Unlike a 

resistor, an ideal capacitor does not dissipate energy. 

 Capacitors are widely used in electronic circuits for blocking direct current while allowing 

alternating current to pass. In analog filter networks, they smooth the output of power supplies. 
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CHAPTER 7 

IMPORTANT COMPONENTS 

7.1 DIODE 

 When a p-type semiconductor material pieces are joined together ,the contact surface 

is called P-N junction .P-N junction needs a very useful device and also known as semi- 

conductor diode 

 

Fig. 7.1 : Diode 

 Working 

P-N junction with no bias P-N junction is just formed as follows initially only p type carriers 

are sent to the left of junction and only N type carriers to the right of the junction. as soon as 

junction is formed following changes will take place. Holes from p region diffuse into n region 

and vice versa due to this recombination of holes and electrons takes place. a restraining force 

is set up automatically due to which further diffusion is prevented it is because now positive 

charge one side and negative charge on p type repels corresponding holes and electrons. The 

total recombination of holes and electrons cannot takes places in entire diode. 

P-N junction with forward biasing when the applied voltage to p-n junction is in such as 

direction that it reduces the potential barrier and permits the flow of current through device. 

P-N junction with reverse biasing when the applied voltage to p-n junction is in such as 

direction that it increases the potential barrier and prevents the flow of current through device. 

7.2 TRANSISTOR 

 A transistor consists of P-N junctions formed by sandwiching either P- type or N- type 

semiconductor between a pair of opposite type. 
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 There are two types of transistors namely 

1. N-P-N transistor 

2. P-N-P transistor 

 

Fig. 7.2 : Transistor 

1.There are two P-N junctions.therefore,a transistor may be regarded as a combination of two     

diodes connected back to back. 

2.There are three terminals, taken from each of semiconductors. 

3.The middle section is very thin layer.this is the most important faction in the function of a 

transistor. 

 A transistor has three sections of doped semiconductors.the section on one side is 

emmitter and the section on the opposite side is colllector.the middle section is called base and 

forms two junctions between the emitter and collector 

Emitter 

 The section on one side that supplies charge carriers (electrons or holes)is called the 

emitter.the emitter is alwaysforward biased wih respect to base so that it can supply alarge 

number of majority carriets.the emitter pf P-N-P transistor is forward biased and the supplies 

hole charges to its junction with the base. 

Collector 

 The section on the other side that collects the charges is called the collector.the collector 

is always reverse biased.its function is to remove charges from its functions with thw base.the 

collector of PNP transistor has a reverse bias and receives hole charges that flow in the output 

circuit. 

 

 



Page | 26  

 

 

Base 

 Middle section which forms two P-N junctions between the emitter and collector is called 

the base.the base-emitter junction is forward biased,allowing low resistance for the emitter 

circuit.the base collector is reverse biased and provides high resistance in te collector circuit. 

7.3 RESISTOR 

 A resistor is a passive two-terminal electrical component that implements electrical 

resistance as a circuit element. In electronic circuits, resistors are used to reduce current flow, 

adjust signal levels, to divide voltages, bias active elements, and terminate, transmission lines 

among other uses. 

 

Fig. 7.3 : Resistor 

            Resistors are common elements of electrical networks and electrical circuits and are 

mandatory in electronic equipment. Practical resistors as discrete components can be 

composed of various compounds and forms. Resistors are also implemented within integrated 

circuits. 

7.4 RELAY 

 A relay is an electrically operated switch. Many relays use an electromagnet to 

mechanically operate a switch, but other operating principles are also used, such as solid-state 

relays. Relays are used where it is necessary to control a circuit by a separate low-power signal, 

or where several circuits must be controlled by one signal. The first relays were used in long 

distance telegraph circuits as amplifiers: they repeated the signal coming in from one circuit 

and re-transmitted it on another circuit. Relays were used extensively in telephone exchanges 

and early computers to perform logical operations. 
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Fig. 7.4 : Relay 

 Applications 

• Used in telephone circuits & telegraphic circuits. 

• Used in emergency lights ,battery charges. 

• Used in voltage controlers remote operated equipment. 
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CHAPTER 8 

RESULTS AND CONCLUSION 

8.1 RESULTS 

 

Fig. 8.1: Hardware setup 

 

Fig. 8.2: Receiving OTP 

 

Fig. 8.3: Alert message 
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8.2 CONCLUSION 

 We have used GSM and RFID which is a new technology growing on a larger scale, in 

terms of providing security which is of low cost, low in power consumption, compact in size 

and standalone sysytem.   

8.3 APPLICATONS 

• Banks 

• Secured offices 

• Home 

• Jewellery shops 

• Exam centers 

8.4 FUTURE SCOPE 

 In this, the future extension can be made by using ATM cards as an accessing card and 

biometric verifications like fingerprint and face recognization, which can ensure high security. 
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ABSTRACT 

In this project, a traction system useful for an autonomous Electric bicycle of 

individual use is described. The developed system is constituted by two new approaches: one is 

design and placement of battery pack and the second is use of Axial flux motor for traction. 

This project describes a technical solution joining and accomplishing the usage of 

this two approaches there by improving the efficiency and mileage of the E-bicycle. In the 

developed system, the rechargeable batteries based on nano technology run as element that store 

energy temporarily and that can be used to retrieve energy. Starting from the functional 

characteristics of typical electrical vehicles and characterization of a typical routing profile, the 

energy consumption is obtained. 

In order to characterize and design the system, this has to be described in detail, 

namely the battery, the power converters, motor and the implemented strategy of control. A 

control strategy that allows an effective management of the stored energy in the system regarding 

the vehicle‘s optimal functioning and increasing its autonomy is to be presented. 
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CHAPTER-1 

INTRODUCTION 

Global warming are becoming major problems in the current scenario. Therefore people try to 

move towards clean energy. transportation is one of the source of pollution or global warming 

because bike or any type of vehicle work on fuel (petrol, diesel)it burn and produce harmful 

gases in air due to that pollution is increases and this source of energy is imitate therefore today‘s 

need to move other clean source of energy for transportation. that free from pollution and it  

easily available. Electrical bike is one of the way to reduce this type of problem. Electrical 

bicycle called as e-bike. In the 1890s, electrical bicycles were documented within U.S. Patents. 

On 31 December 1895, ogden bolton . was granted u.spaten 552,271foe battery power bicycle 

with ―6-pole brush –and commutator direct current (dc) hub motor mounted in the rear wheel‖. 

There were no gears and the motor up to 100 amperes from a 10-volt battery. This type of e-bike 

is modified day by day but this is also having some limitation just like it having charging by 

externally .if the battery discharge in travelling it create problem that means it use for small 

distance only. So some modification required in the design of e-bike. This modified design is 

cheap for the common people in our country afforded to buy it.The main reason to design the 

electric bike is to overcome the problem with the pollution and with the economy. Future E bike 

is the best technical application as a solution for the better world and upcoming generation. The  

E bike is a battery operated vehicle that is very economical with low maintenance cost and less 

pollution. E bikes are an attractive alternative to both conventional bicycles and traditional 

automobiles, providing an environmentally friendly, fun, efficient and convenient way to travel. 

E-bikes are driven with the help of battery which is coupled with electric motor. E- Bike is the 

plug-in electrical vehicles with two or three wheels. The power on which this bike works is 

stored in a rechargeable battery which drives the motor. Now a day‘s these motorbikes are 

manufactured at a very large scale. Typical parts used in E-bike are BLDC motor, battery, 

controller, throttle, chain set. 
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CHAPTER-2 

NEED FOR E-BIKE 

• The bicycle is a glorious piece of transportation technology. 
 

• Instead an alternator turns a cyclist's pedal power into power generators as the churns of 

the pedals transform directly into electricity. 

• An e-bike is smart technology and an even smarter investment. 
 

• They will help to go faster and longer 
 

• They are safer than normal bikes 
 

• Most bike accidents on the road take place at junctions such as crossroads or roundabouts. 

This is often down to the fact that it takes a few vital seconds for a halted cyclist to build 

up speed. Having that little motor to help you accelerate will get you out of the danger 

zone faster. For the same reason, you‘re also less likely to jump a red light because you 

won‘t feel so aggrieved about having to abandon all that nicely built up momentum. 

You‘ll be more willing to slow for bends and corners, too – where most cyclists come    

off – because you can use the bike‘s motor to accelerate out the other sid. 

 
• They're great for dealing with hills 

E-bikes really come into their own when it comes to tackling climbs. Usually fitted with a 

variety of power modes to assist your pedalling, if you‘re faced with a particularly 

arduous climb you can just crank your bike‘s motor up to its highest setting and, despite 

the extra weight of the motor, breeze uphill like some sort of cycling superhero! 

It‘s one of the reasons e-bikes are growing in popularity among mountain bikers because 

it allows them to spend more time negotiating the downhills (the fun bit) than tackling the 

climbs 

 

They're great for crosswinds and headwinds 
 

Having a motor to back you up also means that e-bikes are great for tackling that other 

great adversary nature throws up for cyclists – the wind.Gusts are all well and good when 

they‘re behind you but when they‘re buffeting you from the side or pushing against you 

from the front, they can ruin your fun and can even be potentially dangerous.By 

increasing the amount of power your motor kicks out, though, you can do a fair bit to 

stifle both crosswinds and headwinds 
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CHAPTER-3 

IMPLEMENTATION OF PROPOSED 

METHODOLOGY 

 
3.1 BLOCK DIAGRAM OF E-BICYCLE: 
 

 

 

FIG 3.1: PROPOSED MODEL FOR ENERGY EFFICIENT E-CYCLE 
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The above figure shows the block diagram of the electric bicycle. It consists of 

 
1) Throttle 

 
2) Controller 

 
3) Motor 

 
4) Battery (75) 

 
5) Battery(25) 

 
6) Generator 

 
7) Switch box 

 
Throttle: A throttle mode is similar to how a motor cycle or scooter operates. When the 

throttle is engaged the motor provides power and propels you and the bike forward. A throttle 

allows you to pedal or just kick back and enjoy a ―free‖ ride. Most throttles can be fine-tuned 

like a volume dial between low and full power. 

 
Controller: The core of an electric bike controller is to take all the inputs from all the 

electric components(throttle, speed, sensor, display, battery, motor, etc…). the controller 

monitors the battery voltage and shut down the motor when the battery voltage is too high. 

This protects the battery from the over charge. 

 
Motor: Fundamentally speaking, electric motors translate electrical energy into mechanical 

energy. E-bikes uses brushless DC motors, or BLDC motors, meaning they  don‘t  use 

brushes to alternate the direction of current flowing to the motor, as older electric motors did 

 
Battery: E-bike uses rechargeable batteries and the lighter ones can travel up to 25 to35 

km/h(16 to 20 mph), depending on the local laws, while the more high-pores varieties can 

often do more than 45km/h. 

 
Generator: The generator is made of a spinning magnet within a coil of wire, as the 

magnet spins, electricity flows through the coil. The energy you generate can be used  

straight away or can be stored in a battery in power pack for use later. 
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3.2 WORKING: 

In this a DC waveform which is obtained id made sinusoidal due to operational transistorized 

D.C. to A.C. amplifying circuit by switching the electric energy in the form of electric current 

which flows from battery to D.C. to A.C. converter circuit. By using amplifier circuit the small 

A.C. current is amplified again. In order to drive the circuit through the condenser, this amplified 

current is fed to the stator winding of the A.C. motor. The condenser which is used acts as a 

storage of electric energy and delivers at the time of requirement. The sprocket wheel installed 

on motor shaft is driven by the motive power of the electric energy. The rear sprocket wheel is 

being rotated by the chain drive mechanism on which the other two remaining sprocket wheels 

are installed. The wheel is driven by the rear wheel installed on the rear sprocket. Thus the 

electric bike is mobilized by using electric power. 

 

 
FIG 3.2 WORKING DIAGRAM 

 

 

 

. 
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CHAPTER-4 

COMPONENTS 

 

4.1 RECHARGABLE BATTERY: 
 
 
 

 
 

 

4.2 NANO TECHNOLOGY:           

Fig 4.1: Rechargeable Battery 

 

Nano batteries are fabricated batteries employing technology at the nanoscale, a scale of 

minuscule particles that measure less than 100 nanometers or 10−7 meters. In comparison, 

traditional li-ion technology uses active materials, such as cobalt-oxide or manganese oxide, with 

particles that range in size between 5 and 20 micrometers (5000 and 20000 nanometers - over 

100 times nanoscale). It is hoped that nano engineering will improve many of the shortcomings 

of present battery technology. 

 

Nano batteries are generally described by three sections: 1)anode 2)cathode 3)electrolyte In 

lithium ion batteries the anode is almost always graphite, so most research is being done on the 

cathode and electrolyte materials. By reducing the size of the materials used in a nano battery, 

higher conductivity can be reached, leading to an increase in power, in both charge and discharge. 

There are some technologies which are mainly used in nano batteries: 1)Nano phosphate 

technology 2)Nanopore battery technology 3)Lithium ion battries ( using lithium titanate) 
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FIG 4.2: NANO TECHNOLOGY 

4.3 NANO BATTERIES : 

Lead-acid battery technology , conventional Li-ion technology etc. are failed to meet the 
requirements like extended life, safety, remote UPS(uninterruptable power supply) applications. 

And these technologies can‘t tolerate the abusive conditions like short circuit , over recharge , 

exposure to extremely high or low temperature , over discharge. ALTAIRNANO company 

developed battery using nanotechnology which eliminates some drawbacks of conventional 

batteries. ALTAIRNANO‘s Li-ion technology is different then commonly used Li-ion 

technology. They replaced the graphite material which is used in conventional batteries with 

nano-structured lithium titanate 
 

FIG 4.3 NANO BATTERY 
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4.4 DESIGN OF SECTIONLISED BATTERY PACK: 

 
The purpose of a battery pack is to provide a convenient integrated power source for portable 

applications. The pack may fulfil several functions:- 

 It enables higher voltage or higher capacity batteries to be built up from low voltage, low 

capacity cells. 

 It houses a cell or a bank of cells together with the associated interconnections in a single 

convenient pack. 

 It accommodates any necessary monitoring and electronic protection devices or circuits 

within the pack. 

 It can accommodate additional circuitry such as indicator lights, heaters, cooling ducts and 

solar panels. 

 It matches and meshes with the cavity in the product which the battery is intended to power 

providing both electrical and mechanical interfaces. 

 It can provide unique electrical and mechanical interfaces to ensure compatibility both of the 

battery with the intended product and the charger with the battery. 

 

BENFITS OF BATTERY PACKING 

 
Using custom packs rather than designing the product to accommodate a particular range of cells 

allows the designer more flexibility to optimise the product performance and cost for the 

intended market. 

 
 No Compromises Custom battery packs are tailored to the precise electrical and mechanical 

requirements of the application. The pack can be integrated into the products mechanical 

design providing more styling freedom and a professional finish. 

 
 Better Reliability Positive, welded connections between cells provide more reliable 

connections than the spring contacts necessary with replaceable standard cells. 

 
 Safety Sealed battery packs help prevent customer unintended or deliberate abuse. They also 

ensure that the customer uses only approved cells and chargers specifically designed for the 

application. 

 
 Lower Costs Because the cells can be fixed in position, the pack construction can be made 

using less materials saving both weight and cost. 

 
 Manufacturing Convenience Fewer components to manage. Fewer design headaches 
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 Captive Aftermarket This can be a profit opportunity since custom designs help to keep 

control of the replacement and accessories market. Designs can be made to ensure that only 

approved, compatible accessories such as chargers can be used. 

 

 

 

 

 

 

 
FIG 4.4 SECTIONALISED BATTERY PACK 
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4.5  IMPLEMENTATION OF B.M.S FOR  EFFCT USAGE: 

 
A battery management system (BMS) is any electronic system that manages a rechargeable 

battery. The BMS will also control the recharging of the battery by redirecting the recovered 

energy (i.e.regenerative braking) back into the battery pack (typically composed of a few 

batteries, each composed of a few cells). 

 

BMS means different things to different people. To some it is simply Battery Monitoring, 

keeping a check on the key operational parameters during charging and discharging such as 

voltages and currents and the battery internal and ambient temperature. The monitoring circuits 

would normally provide inputs to protection devices which would generate alarms or disconnect 

the battery from the load or charger should any of the parameters become out of limits. 

For the power or plant engineer responsible for standby power who's battery is the last line of 

defence against a power blackout or a telecommunications network outage BMS means Battery 

Management Systems. Such systems encompass not only the monitoring and protection of the 

battery but also methods for keeping it ready to deliver full power when called upon and methods 

for prolonging its life. This includes everything from controlling the charging regime to planned 

maintenance. 

For the automotive engineer the Battery Management System is a component of a much more 

complex fast acting Energy Management System and must interface with other on board systems 

such as engine management, climate controls, communications and safety systems. 

 

The functions of a BMS suitable for a hybrid electric vehicle are as follows: 
 

 Monitoring the conditions of individual cells which make up the battery 

 Maintaining all the cells within their operating limits 

 Protecting the cells from out of tolerance conditions 

 Providing a "Fail Safe" mechanism in case of uncontrolled conditions, loss of 

communications or abuse 

 Isolating the battery in cases of emergency 

 Compensating for any imbalances in cell parameters within the battery chain 

 Setting the battery operating point to allow regenerative braking charges to be absorbed 

without overcharging the battery. 

 Providing information on the State of Charge (SOC) of the battery. This function is often 

referred to as the "Fuel Gauge" or "Gas Gauge " 

 Providing information on the State of Health (SOH) of the battery. This measurement gives 

an indication of the condition of a used battery relative to a new battery. 

 Providing information for driver displays and alarms 

 Predicting the range possible with the remaining charge in the battery (Only EVs require this) 

 Accepting and implementing control instructions from related vehicle systems 

 Providing the optimum charging algorithm for charging the cells 
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 Providing pre-charging to allow load impedance testing before switch on and two stage 

charging to limit inrush currents 

 Providing means of access for charging individual cells 

 Responding to changes in the vehicle operating mode 

 Recording battery usage and abuse. (The frequency, magnitude and duration of out of 

tolerance conditions) Known as the Log Book function 

 Emergency "Limp Home Mode" in case of cell failure. 
 

 

 
 

 
FIG 4.5 PORTS IN THE CONTROLLER 

 

 THE BMS IS INCLUDED THE BATTERY PACK 

4.6 BATTERY SPECIFICATIONS 

Nominal Voltage of battery : 24V (8s2p) 

Maximum Voltage of battery : 29.2V( at full charge) 

Operating Voltage: 22.5V-29.2V 

Minimum voltage allowed by BMS : 22.5V ( BMS will cutoff the supply once battery pack is 

discharged up till 22.5V) 

Continuous Current Capacity: 12 A (1C ) 

Peak Current Capacity: 36 A (3 C) only for few seconds) 

Nominal Battery Capacity: 12000mAh 

Max.Charging Current (Continuous): 1C (12A) 

Dimension: 260mm*66mm*80mm 
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4.7 BATTERY CHARGE CONTROL: 

 
 

                               

                             FIG 4.7.1 BATTERY CHARGING 

 

 
 
 

S1 S2 BATTERY CHARGING % 

ON OFF 25% 

OFF ON 75% 

ON ON 100% 

 

 

TABLE 1: BATTERY CHARGING TABLE 
 

 

 

From the above table we can understand that 

When S1- ON and S2- OFF battery charging is 25% 

When S1- OFF and S2- ON battery charging is 75% 

When S1- ON and S2- ON battery charging is 100% 
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CHARGE CONTROLL 

 
 

 

 

 

 

 
FIG 4.7.2 CHARGE CONROL 

 
 

 

S1 S2 S3 S4 CHARGE CONTROL 

OFF ON OFF ON 25% 

ONA OFF ON OFF 75% 

 

 

TABLE 2: CHARGE CONTROL 

 

When S3- OFF and S4-ON then charge control is 25% 

When S3- OFF and S4-ON then charge control is 25% 

It is not desired to on S3 and S4 simultaneously 
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CHAPTER 5 

BRUSHLESS DC MOTORS 

 
5.1 BLDC MOTOR/GENRATOR SET 

 However, they will likely be inefficient in the other direction. Motors are designed to 

efficiently   take   electrical   power   and   convert    it    into    mechanical    motion, 

while generators(alternators) are designed to efficiently convert mechanical motion into 

electrical power.

  Permanent magnet BLDC motors can be used as generators. There is a type  of  

brushless motor called a Reluctance Motor, which has soft-iron core, so will generate 

nominally zero voltage when spun. Brushless DC motors are usually motors that have 

permanent magnet rotors.

 A Brushless DC Motor is similar to a Brushed DC Motor but as the name suggests, a 

BLDC doesn‘t use brushes for commutation but rather they are electronically 

commutated. In conventional Brushed DC Motors, the brushes are used to transmit the 

power to the rotor as they turn in a fixed magnetic field.

As mentioned earlier, a BLDC motor used electronic commutation and thus eliminates the 

mechanically torn brushes. 





 

 

FIG 5.1 BLOCK DIAGRAM OF BLDC 
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5.2 Construction of BLDC Motor 

 The main design difference between a brushed and brushless motors is the replacement of 

mechanical commutator with an electric switch circuit. Keeping that in mind, a BLDC 

Motor is a type of synchronous motor in the sense that the magnetic field generated by  

the stator and the rotor revolve at the same frequency.

 
 Brushless Motors are available in three configurations: single phase, two phase and three 

phase. Out of these, the three phase BLDC is the most common one.

 
 The following image shows the cross-section of a BLDC Motor.

 

 

 

 
 

 
FIG 5.2.1 BLDC STATOR 

 
 As you can see in the image, a BLDC Motor consists of two main parts: a stator and a 

rotor.

 
            Stator
 

 The structure of the stator of a BLDC Motor is similar to that of an induction motor. It is 

made up of stacked steel laminations with axially cut slots for winding. The winding in 

BLDC are slightly different than that of the traditional induction motor.
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 Generally, most BLDC motors consists of three stator windings that are connected in star 

or ‗Y‘ fashion (without a neutral point). Additionally, based on the coil interconnections, 

the stator windings are further divided into Trapezoidal and Sinusoidal Motors.

 

 

 

 
FIG 5.2.2 BLDC WAVE FORMS 

 
 In a trapezoidal motor, both the drive current and the back EMF are in the shape of a 

trapezoid (sinusoidal shape in case of sinusoidal motors). Usually, 48 V (or less) rated 

motors are used in automotive and robotics (hybrid cars and robotic arms).

 
 Rotor

 

 The rotor part of the BLDC Motor is made up of permanent magnets (usually, rare earth 

alloy magnets like Neodymium (Nd), Samarium Cobalt (SmCo) and alloy of Neodymium, 

Ferrite and Boron (NdFeB)).

 
 Based on the application, the number of poles can vary between two and eight with North

(N) and South (S) poles placed alternately. The following image shows three different 

arrangements of the poles. In the first case, the magnets are placed on the outer periphery 

of the rotor. 
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 The second configuration is called magnetic-embedded rotor, where rectangular 

permanent magnets are embedded into the core of the rotor. In the third case, the magnets 

are inserted into the iron core of the rotor.

 
 Position Sensors (Hall Sensors)

 

 Since there are no brushes in a BLDC Motor, the commutation is controlled 

electronically. In order to rotate the motor, the windings of the stator must be energized  

in a sequence and the position of the rotor (i.e. the North and South poles of the rotor) 

must be known to precisely energize a particular set of stator windings.

 
 A Position Sensor, which is usually a Hall Sensor (that works on the principle of Hall 

Effect) is generally used to detect the position of the rotor and transform it into an 

electrical signal. Most BLDC Motors use three Hall Sensors that are embedded into the 

stator to sense the rotor‘s position.

 
 The output of the Hall Sensor will be either HIGH or LOW depending on whether the 

North or South pole of the rotor passes near it. By combining the results from the three 

sensors, the exact sequence of energizing can be determined

 
We know that when a current is applied through a coil, a magnetic field is generated and the 

orientation of the field lines i.e. the poles of the generated magnet will depend on the direction of 

the current flowing through the coil. 

 
Using this principle, if we supply current to the coil A so that it will generate a magnetic field 

and attract the rotor magnet. The position of the rotor magnet will shift slightly clockwise and 

will align with A. 

 
If we now pass current through coils B and C one after the other (in that order), the rotor magnet 

will rotate in clock wise direction.To increase efficiency, we can wind the opposite coils using a 

single coil so that we get double attraction. Further increasing the efficiency, we can  energize 

two coils at the same time so that one coil will attract the magnet and the other coil will repel it. 

During this time, the third will be idle.For a complete 360
0
 rotation of the rotor magnet, six 

possible combinations of the coils A, B and C are applicable and are shown in the following 

timing diagram. 
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5.3 WORKING OF BLDC: 

 

We know that when a current is applied through a coil, a magnetic field is generated and the 

orientation of the field lines i.e. the poles of the generated magnet will depend on the direction of 

the current flowing through the coil.Using this principle, if we supply current to the coil A so  

that it will generate a magnetic field and attract the rotor magnet. The position of the rotor 

magnet will shift slightly clockwise and will align with A. 

 
If we now pass current through coils B and C one after the other (in that order), the rotor magnet 

will rotate in clock wise direction.To increase efficiency, we can wind the opposite coils using a 

single coil so that we get double attraction. Further increasing the efficiency, we can  energize 

two coils at the same time so that one coil will attract the magnet and the other coil will repel it. 

During this time, the third will be idle.For a complete 3600 rotation of the rotor magnet, six 

possible combinations of the coils A, B and C are applicable and are shown in the following 

timing diagram. 

 
Advantages of BLDC Motors 

 
Since BLDC Motors are electronically commut5.3ated, there are several advantages over 

traditional Brushed DC Motors. Some of them are: 

 
 No wear and tear (due to absence of brushes) 

 High efficiency 

 Better speed vs torque characteristics 

 Long life 

 Less noise or noiseless operation 

 Significantly higher RPM 

 
Applications of Brushless DC Motors 

 

Some of the areas of applications of BLDC Motors are mentioned below: 

 
 Single speed applications 

 Adjustable speed applications 

 Position control 

 Low noise applications 

 High speed application 
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                                                CHAPTER-6 

                                                 CHAIN SET 

6.1 Chain Drive: A Chain is an array of links held together with each other with the help of 

steel pins. This type of arrangement makes a chain more enduring, long lasting and better way of 

transmitting rotary motion from one gear to another. 

The major advantage of chain drive over traditional gear is that, the chain drive can transmit 

rotary motion with the help of two gears and a chain over a distance whereas in traditional many 

gears must be arranged in a mesh in order to transmit motion. 6. Braking System: For the braking 

system it is convenient to use braking system used in band brake system which consist of spring 

loaded friction- shoe mechanism, which is driven with the help of hand lever. 

 

                         FIG 6.1 CHAI DRIVE 

6.2 Sprockets: The chain with engaging with the sprocket converts rotational power in to 

rotary power and vice versa. The sprocket which looks like a gear may differ in three aspects 

• Sprockets have many engaging teeth but gears have only one or two. • The teeth of a gear 

touch and slip against each other but there is basically no slippage in case of sprocket 

• The shape of the teeth are different in gears and sprockets. 
 

 
 

 
FIG 6.2 SPROCKETS 
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CHAPTER 7 

 

MODEL CALCULATIONS OF ESTIMATING PERFORMANCE 

Some model calculations are needed to estimate the performance of the electric 

bicycle. The below steps are the part of the model calculation. 

Step-1: Rpm of motor to KMPH: Since the motor is connected to cycle wheel with fixed 

gear, the standard gear ratio for the commonly used cycle is 3.75:1. 

Formula: 
 

k = d × r/3 × 0.001885 

Where, 

k = Kilometre Per Hour(km/hr) 

d = Wheel Diameter(cm) 

r = Revolution Per Minute(RPM) 
 

In this project the speed of the motor at no load is 2750 RPM since the motor always runs on 

some load the sample calculation is calculated for full load and Half load: 

For full load and B-75 
 

D=69cm 
 

For the motor considered R=2225 
 

STEP-1: Calculating the RPM at wheel 
 

Hence K=69x741.66/3.75 x 0.001885=72.396 KMPH for full throttle 
 

Step-2: The power consumed by the motor per KM at this working conditions 
 

Full load power/KMPH=250/72.396 
 

=3.45 WH/KM 
 

Step:3 Calculating mileage 
 

24V-12Ah Battery - would have 24x12 = 288 Watt-Hours of Energy / 3.45 WH/KM = 83.47 KM 

of range (at 72.396KMPH, motor only). 

For reduced throttle and reduced load (consider Half load): 
 

D=69cm 
 

For the motor considered R=1500/3 

      Hence K=69x500/3.75 x 0.001885=48.806KMPH for full throttle
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The mileage during this condition is               

For full load and B-75 

The power consumed by the motor per KM at this working conditions 

Full load power/KMPH=125/48.806 

=2.561 WH/KM 
 

24V-12Ah Battery - would have 24x12 = 288 Watt-Hours of Energy / 2.5611 WH/KM = 112.45 

KM of range (at 48.806 KMPH, motor only). 

For full load and B-25 
 

D=69cm 
 

For the motor considered R=2225/3 
 

STEP-1: Calculating the RPM at wheel 
 

Hence K=69x741.66/3.75 x 0.001885=72.396 KMPH for full throttle 
 

Step-2: The power consumed by the motor per KM at this working conditions 
 

Full load power/KMPH=250/72.396 
 

=3.45 WH/KM 
 

Step:3 Calculating mileage 
 

24V-7Ah Battery - would have 24x7 = 168 Watt-Hours of Energy / 3.45 WH/KM = 48.69 KM 

of range (at 72.396KMPH, motor only). 

 From the above it is observed that as the throttle of the motor reduces or the load reduces 

the mileage increases. 

 In these two conditions the load reduction has considerable impact on the mileage of the 

cycle. 

 The maintenance of the reserve capacity also enhance the distance travelled for the same 

charge status which is the main objective of the project. 
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TABLE 3: MODEL CALCULATIONS OF ESTIMATING E-BICYCLE 

SNO LOAD BATTERY KMPH MILEAGE 

(KM) 

1 FULL LOAD B-75 72.396 83.47 

2 HALF LOAD B-75 48.806 112.45 

3 FULL LOAD B-25 72.396 48.69 

 
The metrics given in the table are calculated for maximum [extreme] conditions and hence for 

normal usage the proposed method gives much better performance in terms of distance travelled 

 

ADVANTAGES AND DISADVANTAGES 

ADVANTAGES 

• Easy to commute with low fatigue. 
 

• Less maintenance cost. 
 

• Normal Drag/Pedal is possible when power is not in use. 
 

• Deployable batteries – can be taken inside house. 
 

• Cost of the unit is very low. 
 

• Easy to carry since it is portable. 
 

• Less energy consumed. 
 

• High efficiency can be obtained if inverter is used. 
 

• If using solar panel, free utilization of energy can be done. 
 

DISADVANTAGES 

• High intensity of wind load. 
 

• High centre of gravity. 
 

• Cannot tolerate drastic changes in environment. 
 

• Needs Periodic Monitoring 
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CHAPTER 8 

CONCLUSION 
With the increasing consumption of natural resources of petrol, diesel it is necessary to shift our 

way towards alternate resources like the Electric bike and others because it is necessary to 

identify new way of transport. Electric bike is a modification of the existing cycle by using 

electric energy and also solar energy if solar panels are provided, that would sum up to increase 

in energy production. Since it is energy efficient, electric bike is cheaper and affordable to 

anyone. It can be used for shorter distances by people of any age. It can be contrived throughout 

the year. The most vital feature of the electric bike is that it does not consume fossil fuels thereby 

saving crores of foreign currencies. The second most important feature  is it is pollution free,  eco 

– friendly and noiseless in operation. For offsetting environmental pollution using of on – board 

Electric Bike is the most viable solution. It can be charged with the help of AC adapter if there is 

an emergency. The Operating cost per/km is very less and with the help of solar panel it can 

lessen up more. Since it has fewer components it can be easily dismantled to small components, 

thus requiring less maintenance. 

 From the above it is observed that as the throttle of the motor reduces or the load reduces 

the mileage increases. 

 In these two conditions the load reduction has considerable impact on the mileage of the 

cycle. 

 The maintenance of the reserve capacity also enhance the distance travelled for the same 

charge status which is the main objective of the project. 
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PROJECT PROFORMA 

Classification of Project Application Product Research Review 

    

Note: Tick Appropriate category. 
 

 Project Outcomes  

Outcome 1 Use new tools 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems 

PROJECT 

OUTCOMES 

PROGRAMME OUTCOMES (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO1 

OUTCOME 1 3 3 2 2 3 2 2 3 2 3 3 2 3 3 

OUTCOME 2 3 3 2 2 2 2 2 3 3 3 3 2 3 3 

OUTCOME 3 3 3 2 3 2 2 2 3 2 3 3 2 3 3 

OUTCOME 4 3 3 2 2 2 2 2 3 2 3 3 2 3 3 

 
MAPPING TABLE 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based      

on level of mapping as follows: 1-Slightly (Low) mapped 2-Moderately (Medium) 

mapped 3-Substantially (High) mapped 

Programme Outcomes: 
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization for the solution of complex engineering 

problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering 

problems and design system components or processes that meet the specified needs with 

appropriate consideration for public health and safety, and cultural, societal, and 

environmental considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data,  

and synthesis of t h e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

Modern engineering and IT tools, including prediction and modeling to complex 

engineering activities, with an understanding of the limitations. 
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6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal, and cultural issues and the consequent 

responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional 

engineering solutions in societal and environmental contexts, and demonstrate the 

knowledge of, and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities 

and norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with 

the engineering community and with the society at large, such as, being able to 

comprehend and write effective reports and design documentation, make effective 

presentations, and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of 

the engineering and management principles and apply these to one‘s own work, as a 

member and leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological 

change. 

Programme Specific Outcomes (PSO): 
1. Apply the knowledge of circuit design, analogy & digital electronics to the field of 

electrical and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems 

using modern tools. 
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APPENDIX: EXPENDITURE 
 
 

SNO EQUIPMENT COST( Rs/-) 

1 B75_24v 11ah 6871 

2 B 25_07v 7ah 4680 

3 CYCLE 1000 

4 BLDC motor 3700 

5 BMS 1500 

6 Throttle 400 

7 Breaks 300 

 TOTAL 18,451 
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                  CROP BASED IRRIGATION SYSTEM 
 

 

Abstract: 
                               The project aims at coming up with a working model of CROP BASED 

IRRIGATION SYSTEM. The greenhouse based modern agriculture industries are the recent 

requirement in every part of agriculture in India. Due to the variable atmospheric circumstances 

these conditions sometimes may vary from place to place in large farmhouse, which makes very 

difficult to maintain the uniformity at all the places in the farmhouse manually. Irrigation has 

been the backbone of human civilization since man has started agriculture. As the generation 

evolved, man developed many methods of irrigation to supply water to the land. In the present 

scenario on conservation of water is of high importance. Present work is attempts to save the 

natural resources available for human kind. By continuously monitoring the status of the soil, we 

can control the flow of  water and thereby reduce the wastage .It is observed that for the first time 

an android phone and GSM control the Irrigation system, which could give the facilities of 

maintaining uniform environmental conditions are proposed. . Drip irrigation is artificial method 

of supplying water to the roots of the plant. It is also called micro irrigation. In past few years 

there is a rapid growth in this system. The user communicates with the centralized unit through 

SMS. The centralized unit communicates with the system through SMS which will be received 

by the GSM with the help of the SIM card. The Kit provides the working tools and Application 

Programmable Interface necessary to begin control the gsm module on the Arduino platform 

using the C programming language.. This application makes use of the GPRS [General Packet 

Radio Service] feature of mobile phone as a solution for irrigation control system. GSM (Global 

System for Mobile Communication) is used to inform the user about the exact field condition and 

it can controlled via sms through sim card in mobile phone. The information is passed onto the 

user request in the form of SMS 
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CHAPTER 1 

INTRODUCTION 
Drip irrigation is artificial method of supplying water to the roots of the plant. It is also called micro 

irrigation. In past few years there is a rapid growth in this system. The user communicates with the 

centralized unit through SMS. The centralized unit communicates with the system through SMS 

which will be received by the GSM with the help of the SIM card. The GSM sends this data to 

ARM7which is also continuously receives the data from sensors in some form of codes. After 

processing, this data is displayed on the LCD. Thus in short whenever the system receives the 

activation command from the subscriber it checks all the field conditions and gives a detailed feedback 

to the user and waits for another activation command to start the motor. The motor is controlled by a 

simple manipulation in the internal structure of the starter. The starter coil is indirectly activated by 

means of a transistorized relay circuit. When the motor is started, a constant monitoring on soil 

moisture and water level is done & once the soil moisture is reached to sufficient level the motor is 

automatically turned off & a massage is send to subscriber that the motor is turned off. The water 

level indicator indicates three levels low, medium, high and also empty tank. Shen etc. al (2007) 

introduced a GSM-SMS remote measurement and control system for greenhouse based on PC-based 

database system connected with base station. Base station is developed by using a microcontroller, 

GSM module, sensors and actuators. In practical operation, the central station receives and sends 

messages through GSM module. Criterion value of parameters to be measured in every base station 

is set by central station, and then in base tations parameters including the air temperature, the air 

humidity.  al (2013) mainly focuses on reviews in the field of remote monitoring and control, the 

technology used and their potential advantages. The paper proposes an innovative GSM based remote 

controlled embedded system for irrigation. The system sets the irrigation time depending on the 

temperature and humidity reading from sensors and type of crop and can automatically irrigate the 

field when unattended. Information is exchanged between far end and designed system via SMS on 

GSM network. A Bluetooth module is also interfaced with the main microcontroller chip which 

eliminates the SMS charges when the user is within the limited range of few meters to the designated 

system. The system informs users about many conditions like status of electricity, dry running motor, 

increased temperature, water content in soil and smoke via SMS on GSM network or by Bluetooth. 

The GSM based irrigation system  may offer users the flexibility to regulate and control the operations 

of their irrigation systems with little intervention to reduce runoff from over watering for improvement 

in crop yield. This enables users to take advantage of the globally deployed GSM networks with its 

low SMS service cost to use mobile phones and simple SMS commands to manage their irrigation 

system. It will be possible for users to use SMS to monitor directly the conditions of their farmland, 

schedule the water GSM based Automatic Irrigation Control System for Efficient Use of Resources 

and Crop Planning…. needs of crops, automatically control watering, and set control operational 

conditions in accordance with the water needs of crops. This will help minimize overwatering and 

crop production cost. 

 

1.1 Requirements of The Project: 

  

 Arduino uno atmega 
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 DHT Sensor 

 Moisture sensor 

 Ultrasonic sensor 

 16*2 LCD Display  

 GSM Module 

 Relay 

 Resistor  

 Transistor  

  Motor  
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CHAPTER 2 

SCHEMATIC DIAGRAM EXPLANATION 

 
2.1 BLOCK DIAGRAM 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   Fig 2.1 Block diagram 
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2.2  SCHEMATIC DIAGRAM: 
 

 

Fig.2.2 schematic diagram of crop type irrigation system 

 

2.3  Description 

 The Crop Type Irrigation system is shown in the above figure Fig.1 In this circuit the main 

sensors are DTH, Ultrasonic, Moisture sensors. Here the main task is to control the water in the 

farming places i.e agriculture motors the sensors are controlled with the Arduino nano each 

sensor sense the respective task  and send the signals to the Arduino through that the motor will 

operate. In this project the same kit is used for different types of crops. We had taken some 
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condions that are explained below  

S01 :- 

When the S01 is send to the specified number the Arduino will reads the message after that the 

Arduino will starts the working which is specified earlier. Here the water level should be more 

hence  the Ultrasonic Sensor checks the water level from the ground if the level is less Than 30 

then the motor will be starts working. And remaing sensors will shows the values.  

S02 :- 

When the S02 is send to the specified number the Arduino will reads the message after that the 

Arduino will starts the working which is specified earlier. Here the water level should be less 

hence  the Ultrasonic Sensor checks the water level from the ground if the level is less Than 10 

then the motor will be starts working. And remaing sensors will shows the values.  

S03 :- 

When the S03 is send to the specified number the Arduino will reads the message after that the 

Arduino will starts the working which is specified earlier. Here no water is used in the field the 

wet soil should be enough. The soil moisture sensor is used to know the soil is dry or wet if the 

soil don’t have any water content hence it shows the level 1 then the motor will starts after it 

comes level 0 the motor stops working.  

The above 3 conditions should be used for different crop type and for exceptions the motor can 

be controlled with separate message code that is MON for start the motor. And the MOF for 

stops the motor. 
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CHAPTER 3 

COMPONENTS AND DESCRIPTION 

 

3.1 Arduino NANO 

 3.1.1 general diagram and overview  

 

        Fig 3.1.1 Arduino nano general diagram 

Arduino Nano is a surface mount breadboard embedded version with integrated USB. It is a 

smallest, complete, and breadboard friendly. It has everything that Diecimila/Duemilanove has 

(electrically) with more analog input pins and onboard +5V AREF jumper. Physically, it is 

missing power jack. The Nano is automatically sense and switch to the higher potential source of 

power, there is no need for the power select jumper. 

 

Nano’s got the breadboard-ability of the Boarduino and the Mini+USB with smaller footprint 

than either, so users have more breadboard space. It’s got a pin layout that works well with the 

Mini or the Basic Stamp (TX, RX, ATN, GND on one top, power and ground on the other). This 

new version 3.0 comes with ATMEGA328 which offer more programming and data memory 

space. It is two layers. That make it easier to hack and more affordable. 
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3.1.2 Pin diagram 

 

Fig 3.1.2 Arduino nano pin diagram 

3.1.3 Pin configuration 

Pin Category Pin Name Details 

Power Vin, 3.3V, 5V, GND Vin: Input voltage to Arduino when using an external power 

source (6-12V). 

5V: Regulated power supply used to power microcontroller 

and other components on the board. 

3.3V: 3.3V supply generated by on-board voltage regulator. 

Maximum current draw is 50mA. 

GND: Ground pins. 

Reset Reset Resets the microcontroller. 

Analog Pins A0 – A7 Used to measure analog voltage in the range of 0-5V 

Input/Output Pins Digital Pins D0 - D13 Can be used as input or output pins. 0V (low) and 5V (high) 

https://components101.com/sites/default/files/component_pin/Arduino-Nano-Pinout.png
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Serial Rx, Tx Used to receive and transmit TTL serial data. 

External Interrupts 2, 3 To trigger an interrupt. 

PWM 3, 5, 6, 9, 11 Provides 8-bit PWM output. 

SPI 10 (SS), 11 (MOSI), 12 

(MISO) and 13 (SCK) 
Used for SPI communication. 

Inbuilt LED 13 To turn on the inbuilt LED. 

IIC A4 (SDA), A5 (SCA) Used for TWI communication. 

AREF AREF To provide reference voltage for input voltage. 

Table 3.1.0 Pin configuration 

Programming: 

Reliability qualification shows that the  projected  data  retention  failure  rate  is  much  less  than 

1 PPM over 20 years at 85 °C or 100 years at 25 °C. 
 

 

Table Parallel program mode 

 

Programming signal 

 

Pin Name 

 

I/O 

 

Function 

 

RDY/BSY 

 

PD1 

 

O 
 

High means the MCU is ready for a new command, otherwise 
busy. 

 

OE 

 

PD2 

 

I 

 

Output Enable (Active low) 

 

WR 

 

PD3 

 

I 

 

Write Pulse (Active low) 

 

BS1 

 

PD4 

 

I 

 

Byte Select 1 (“0” = Low byte, “1” = High byte) 

https://en.wikipedia.org/wiki/Parts-per_notation
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XA0 

 

PD5 

 

I 

 

XTAL Action bit 0 

 

XA1 

 

PD6 

 

I 

 

XTAL Action bit 1 

 

PAGEL 

 

PD7 

 

I 

 

Program memory and EEPROM Data Page Load 

 

BS2 

 

PC2 

 

I 

 

Byte Select 2 (“0” = Low byte, “1” = 2nd High byte) 

 

DATA 

 

PC[1:0]:PB[5:0] 

 

I/O 

 

Bi-directional data bus (Output when OE is low) 

 

  Table 3.1.1:  Parallel Program mode 
 



10 

 

Fig 3.1.3: Pin Diagram of ATmega328P 

 

Programming mode is entered when PAGEL (PD7), XA1 (PD6), XA0 (PD5), BS1 (PD4) is set to 

zero.[2] RESET pin to 0V and VCC to 0V. VCC is set to 4.5 - 5.5V. Wait 60 μs, and RESET is  set  

to  11.5  -  12.5 V.  Wait  more than 310  μs.[2] Set  XA1:XA0:BS1:DATA =  100  1000 0000, 

pulse XTAL1 for at least 150 ns, pulse WR to zero. This starts the Chip Erase. Wait until RDY/BSY 

(PD1) goes high. XA1:XA0:BS1:DATA = 100 0001 0000, XTAL1 pulse, pulse WR 

to zero. This is the Flash write command.[2] And so on.. 

 

 

Table 3.3 Serial Programming 

 

Symbol 

 

Pins 

 

I/O 

 

Description 

 

MOSI 

 

PB3 

 

I 

 

Serial data in 

 

MISO 

 

PB4 

 

O 

 

Serial Data out 

 

SCK 

 

PB5 

 

I 

 

Serial Clock 

Serial data to the MCU is clocked on the rising edge and data from the MCU is clocked on the 

falling edge. Power is applied to VCC while RESET and SCK are set to zero. Wait for at least 20 

ms and then the Programming Enable serial instruction 0xAC, 0x53, 0x00, 0x00 is sent to the 

MOSI pin. The second byte (0x53) will be echoed back by the MCU 

 

3.1.4 technical specifications 

Microcontroller ATmega328P – 8 bit AVR 

family microcontroller 

Operating Voltage 5V 

Recommended Input 

Voltage for Vin pin 

7-12V 

https://en.wikipedia.org/wiki/ATmega328#cite_note-m8271ds-2
https://en.wikipedia.org/wiki/ATmega328#cite_note-m8271ds-2
https://en.wikipedia.org/wiki/ATmega328#cite_note-m8271ds-2
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Analog Input Pins 6 (A0 – A5) 

Digital I/O Pins 14 (Out of which 6 provide 

PWM output) 

DC Current on I/O Pins 40 mA 

DC Current on 3.3V Pin 50 mA 

Flash Memory 32 KB (2 KB is used for 

Bootloader) 

SRAM 2 KB 

EEPROM 1 KB 

Frequency (Clock Speed) 16 MHz 

Communication IIC, SPI, USART 

Table 3.1.4 Technical Specification 

3.15 Difference between Arduino UNO and Arduino Nano 

The Arduino Nano is very much similar to the Arduino UNO. They use the same Processor 

(Atmega328p) and hence they both can share the same program. One big difference between both 

is the size UNO is twice as big as Nano and hence occupies more space on your project. Also Nano 

is breadboard friendly while Uno is not. To program a Uno you need Regular USB cable where as 

for Nano you will need a mini USB cable. The technical difference between Uno and Nano is 

shown below. 

 3.2 DTH Sensor 

     3.2.1 Overview 
             Humidity is the measure of water vapour present in the air. The level of humidity in air 

affects various physical, chemical and biological processes.  In industrial applications, humidity can 

affect the business cost of the products, health and safety of the employees. So, 

in semiconductor industries and control system industries measurement of humidity is very 

https://www.elprocus.com/why-do-we-use-semiconductors-instead-of-conductors-in-electronic-circuit-design/
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important.  Humidity measurement determines the amount of moisture present in the gas that can be 

a mixture of water vapour, nitrogen, argon or pure gas etc…  Humidity sensors are of two types 

based on their measurement units.  They are a relative humidity sensor and Absolute humidity 

sensor. DHT11 is a digital temperature and humidity sensor. 

the low cost DHT temperature & humidity sensors. These sensors are very basic and slow, but 

are great for hobbyists who want to do some basic data logging. The DHT sensors are made of 

two parts, a capacitive humidity sensor and a thermistor. There is also a very basic chip inside 

that does some analog to digital conversion and spits out a digital signal with the temperature 

and humidity. The digital signal is fairly easy to read using any microcontroller.  

3.2.2 What is DTH11 sensor? 
 DHT11 is a low-cost digital sensor for sensing temperature and humidity.  This sensor can be easily 

interfaced with any micro-controller such as Arduino, Raspberry Pi etc… to measure humidity and 

temperature instantaneously. 

DHT11 humidity and temperature sensor is available as a sensor and as a module. The difference 

between this sensor and module is the pull-up resistor and a power-on LED. DHT11 is a relative 

humidity sensor.  To measure the surrounding air this sensor uses a thermistor and a capacitive 

humidity sensor. 

3.2.3 Working  
DHT11 sensor consists of a capacitive humidity sensing element and a thermistor for sensing 

temperature.  The humidity sensing capacitor has two electrodes with a moisture holding substrate 

as a dielectric between them. Change in the capacitance value occurs with the change in humidity 

levels. The IC measure, process this changed resistance values and change them into digital form. 

For measuring temperature this sensor uses a Negative Temperature coefficient thermistor, which 

causes a decrease in its resistance value with increase in temperature. To get larger resistance value 

even for the smallest change in temperature, this sensor is usually made up of semiconductor 

ceramics or polymers. 

The temperature range of DHT11 is from 0 to 50 degree Celsius with a 2-degree accuracy. 

Humidity range of this sensor is from 20 to 80% with 5% accuracy. The sampling rate of this 

sensor is 1Hz .i.e. it gives one reading for every second.  DHT11 is small in size with operating 

voltage from 3 to 5 volts. The maximum current used while measuring is 2.5

Fig 3.23DHT11 Sensor 

http://www.adafruit.com/category/35_66
http://learn.adafruit.com/thermistor
https://www.elprocus.com/introduction-to-thermistor-types-with-its-workings-and-applications/
https://www.elprocus.com/construction-of-capacitor-with-working/
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DHT11 sensor has four pins- VCC, GND, Data Pin and a not connected pin. A pull-up resistor of 

5k to 10k ohms is provided for communication between sensor and micro-controller. 

3.2.4 Applications 

This sensor is used in various applications such as measuring humidity and temperature values in 

heating, ventilation and air conditioning systems. Weather stations also use these sensors to predict 

weather conditions.  The humidity sensor is used as a preventive measure in homes where people 

are affected by humidity.  Offices, cars, museums, greenhouses and industries use this sensor for 

measuring humidity values and as a safety measure. 

It’s compact size and sampling rate made this sensor popular among hobbyists. Some of the sensors 

which can be used as an alternative to DHT11 sensor are DHT22, AM2302, SHT71. 

 

3.2.5 DTH11 Vs DTH22 

We have two versions of the DHT sensor, they look a bit similar and have the same pinout, 

but have different characteristics. Here are the specs: 

DHT11 

 Ultra low cost 

 3 to 5V power and I/O 

 2.5mA max current use during conversion (while requesting data) 

 Good for 20-80% humidity readings with 5% accuracy 

 Good for 0-50°C temperature readings ±2°C accuracy 

 No more than 1 Hz sampling rate (once every second) 

 Body size 15.5mm x 12mm x 5.5mm 

 4 pins with 0.1" spacing 

DHT22 

 Low cost 

 3 to 5V power and I/O 

 2.5mA max current use during conversion (while requesting data) 

 Good for 0-100% humidity readings with 2-5% accuracy 

 Good for -40 to 80°C temperature readings ±0.5°C accuracy 

 No more than 0.5 Hz sampling rate (once every 2 seconds)  

 Body size 15.1mm x 25mm x 7.7mm 

 4 pins with 0.1" spacing 

As you can see, the DHT22 is a little more accurate and good over a slightly larger range. 

Both use a single digital pin and are 'sluggish' in that you can't query them more than once 

every second or two. 

 

3.2.6 Connecting to a DHTxx Sensor 

https://en.wikipedia.org/wiki/Humidity
http://www.adafruit.com/products/386
http://www.adafruit.com/products/385
http://www.adafruit.com/products/385
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lady ada 

Luckily it is trivial to connect to these sensors, they have fairly long 0.1"-pitch pins so you 

can plug them into any breadboard, perfboard or similar. 

 
it is fairly easy to connect up to the DHT sensors. They have four pins 

1. VCC - red wire Connect to 3.3 - 5V power. Sometime 3.3V power isn't enough in which case 

try 5V power. 

2. Data out - white or yellow wire 

3. Not connected 

4. Ground - black wire 

Simply ignore pin 3, its not used. You will want to place a 10 Kohm resistor between VCC 

and the data pin, to act as a medium-strength pull up on the data line. The Arduino has built 

in pullups you can turn on but they're very weak, about 20-50K 

This diagram shows how we will connect for the testing sketch. Connect data to pin 2, you 

can change it later to any pin. 

 
         Fig 3.26 connection diagram of DTHxx 

3.3 Moisture sensor 

3.3.1 Introduction 

https://learn.adafruit.com/users/adafruit2
https://learn.adafruit.com/assets/578
https://learn.adafruit.com/assets/577
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Fig 3.31 Moisture Sensor 

The Moisture sensor is used to measure the water content(moisture) of soil. when the soil is 

having water shortage, the module output is at high level, else the output is at low level. This 

sensor reminds the user to water their plants and also monitors the moisture content of soil. It has 

been widely used in agriculture, land irrigation and botanical gardening. 

The moisture of the soil plays an essential role in the irrigation field as well as in gardens for plants. 

As nutrients in the soil provide the food to the plants for their growth. Supplying water to the plants 

is also essential to change the temperature of the plants. The temperature of the plant can be 

changed with water using the method like transpiration. And plant root systems are also developed 

better when rising within moist soil. Extreme soil moisture levels can guide to anaerobic situations 

that can encourage the plant’s growth as well as soil pathogens. This article discusses an overview 

of the soil moisture sensor, working and it’s applications. 

 

3.3.2 What is a Soil Moisture Sensor? 

The soil moisture sensor is one kind of sensor used to gauge the volumetric content of water within 

the soil. As the straight gravimetric dimension of soil moisture needs eliminating, drying, as well 

as sample weighting. These sensors measure the volumetric water content not directly with the 

help of some other rules of soil like dielectric constant, electrical resistance, otherwise interaction 

with neutrons, and replacement of the moisture content. 

The relation among the calculated property as well as moisture of soil should be adjusted & may 

change based on ecological factors like temperature, type of soil, otherwise electric conductivity. 

The microwave emission which is reflected can be influenced by the moisture of soil as well as 

mainly used in agriculture and remote sensing within hydrology. 

 

These sensors normally used to check volumetric water content, and another group of sensors 

calculates a new property of moisture within soils named water potential. Generally, these sensors 

are named as soil water potential sensors which include gypsum blocks and tensiometer. 

3.33 Pin Configuration 

The FC-28 soil moisture sensor includes 4-pins 

https://www.elprocus.com/microcontroller-based-automatic-irrigation-system/
https://www.elprocus.com/accelerometer-sensor-working-and-applications/
https://www.elprocus.com/types-of-sensors-with-circuits/
https://wiki.eprolabs.com/index.php?title=File:Moisture-Sensor.jpg
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 VCC pin is used for power 

 A0 pin is an analog output 

 D0 pin is a digital output 

 GND pin is a Ground 

This module also includes a potentiometer that will fix the threshold value, & the value can be 

evaluated by the comparator-LM393. The LED will turn on/off based on the threshold value. 

 
 Fig 3.33 pin out diagram 

3.3.4 Working 

 The Soil Moisture Sensor uses capacitance to measure dielectric permittivity of the 

surrounding medium. In soil, dielectric permittivity is a function of the water content. The sensor 

creates a voltage proportional to the dielectric permittivity, and therefore the water content of the 

soil. The sensor averages the water content over the entire length of the sensor. There is a 2 cm 

zone of influence with respect to the flat surface of the sensor, but it has little or no sensitivity at 

the extreme edges.The Soil Moisture Sensor is used to measure the loss of moisture over time 

due to evaporation and plant uptake,evaluate optimum soil moisture contents for various species 

of plants,monitor soil moisture content to control irrigation in greenhouses and enhance bottle 

biology experiments. 

The soil moisture sensor consists of two probes which are used to measure the volumetric content 

of water. The two probes allow the current to pass through the soil and then it gets the resistance 

value to measure the moisture value. 

https://www.elprocus.com/lm393-ic-pin-configuration-circuit-diagram-and-its-working/
https://www.elprocus.com/bipolar-led-driver-circuit-working-application/
http://www.circuitstoday.com/arduino-soil-moisture-sensor/pin-out
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When there is more water, the soil will conduct more electricity which means that there will be 

less resistance. Therefore, the moisture level will be higher. Dry soil conducts electricity poorly, 

so when there will be less water, then the soil will conduct less electricity which means that there 

will be more resistance. Therefore, the moisture level will be lower. 

This sensor can be connected in two modes; Analog mode and digital mode. First, we will 

connect it in Analog mode and then we will use it in Digital mode. 

3.3.5 Specifications 

    

Input Voltage 3.3 – 5V 

Output Voltage 0 – 4.2V 

Input Current 35mA 

Output Signal Both Analog and Digital 

Table 3.3.4 Specifications 

 The required voltage for working is 5V 

 The required current for working is <20mA 

 Type of interface is analog 

 The required working temperature of this sensor is 10°C~30°C 

3.3.6 Interfacing Soil Moisture Sensor and Arduino 

To connect the sensor in the analog mode, we will need to use the analog output of the sensor. 

When taking the analog output from the soil moisture sensor FC-28, the sensor gives us the value 

from 0-1023. The moisture is measured in percentage, so we will map these values from 0 -100 

and then we will show these values on the serial monitor. 

You can further set different ranges of the moisture values and turn on or off the water pump 

according to it. 

The connections for connecting the soil moisture sensor FC-28 to the Arduino are as follows. 

 VCC of FC-28 to 5V of Arduino 

 GND of FC-28 to GND of Arduino 

 A0 of FC-28 to A0 of Arduino 
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Fig 3.36 

interfacing with soil moisture 

3.4 ULTRASONIC Sensor 

    3.4.1 what is Ultrasonic sensor 

  An ultrasonic sensor is an instrument that measures the distance to an object 

using ultrasonic sound waves. 

An ultrasonic sensor uses a transducer to send and receive ultrasonic pulses that relay 

back information about an object’s proximity.   

High-frequency sound waves reflect from boundaries to produce distinct echo patterns.  

   3.4.2 How does an Ultrasonic sensor work 

Ultrasonic sensors work by sending out a sound wave at a frequency above the range of 

human hearing.  The transducer of the sensor acts as a microphone to receive and send the 

ultrasonic sound. Our ultrasonic sensors, like many others, use a single transducer to send a 

pulse and to receive the echo.  The sensor determines the distance to a target by measuring 

time lapses between the sending and receiving of the ultrasonic pulse.  

   

The working principle of this module is simple.  It sends an ultrasonic pulse out at 40kHz 

which travels through the air and if there is an obstacle or object, it will bounce back to the 

sensor.  By calculating the travel time and the speed of sound, the distance can be 

calculated.   

 

https://www.maxbotix.com/SelectionGuide/Selection-Guide.htm
http://www.circuitstoday.com/arduino-soil-moisture-sensor/interface_soil_sensor_arduino
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3.4.3 Working principle  

 

The ultrasonic sensor (or transducer) works on the same principles as a radar system. An 

ultrasonic sensor can convert electrical energy into acoustic waves and vice versa. The acoustic 

wave signal is an ultrasonic wave traveling at a frequency above 18kHz. The famous HC SR04 

ultrasonic sensor generates ultrasonic waves at 40kHz frequency. 

Typically, a microcontroller is used for communication with an ultrasonic sensor. To begin 

measuring the distance, the microcontroller sends a trigger signal to the ultrasonic sensor. The 

duty cycle of this trigger signal is 10µS for the HC-SR04 ultrasonic sensor. When triggered, the 

ultrasonic sensor generates eight acoustic (ultrasonic) wave bursts and initiates a time counter. As 

soon as the reflected (echo) signal is received, the timer stops. The output of the ultrasonic sensor 

is a high pulse with the same duration as the time difference between transmitted ultrasonic 

bursts and the received echo signal. 

 

  Fig 3.43 ultasonic sensor working 

The microcontroller interprets the time signal into distance using the following functions: 

Theoretically, the distance can be calculated using the TRD (time/rate/distance) measurement 

formula. Since the calculated distance is the distance traveled from the ultrasonic transducer to 

the object—and back to the transducer—it is a two-way trip. By dividing this distance by 2, you 

can determine the actual distance from the transducer to the object. Ultrasonic waves travel at the 

speed of sound (343 m/s at 20°C). The distance between the object and the sensor is half of the 

https://www.maxbotix.com/wp-content/uploads/2019/07/how-ultrasonic-sensors-work.gif
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distance traveled by the sound wave.[iv] The following equation calculates the distance to an 

object placed in front of an ultrasonic sensor: 

3.44 Limitations of ultrasonic sensors 

Ultrasonic sensors such as the HC-SR04 can efficiently measure distances up to 400 cm with a 

slight tolerance of 3 mm. [xiii] However, if a target object is positioned such that the ultrasonic 

signal is deflected away rather than reflected back to the ultrasonic sensor, the calculated distance 

can be incorrect. In some cases, the target object is so small that the reflected ultrasonic signal is 

insufficient for detection, and the distance cannot be measured correctly. 

Furthermore, objects like fabric and carpet can absorb acoustic signals. If the signal is absorbed 

in the target object’s end, it cannot reflect back to the sensor, and hence, the distance cannot be 

measured. 

 
Fig 3.4.1 Representation of ultrasonic signal deflected due to target object’s position, 

resulting in error. (Source: Macduino) 

The intense sensitivity of ultrasonic sensors makes them efficient, but that sensitivity can also 

cause problems. Ultrasonic sensors can detect false signals coming from the airwaves disturbed 

by an air conditioning system and a pulse coming from a ceiling fan, for instance. 

Ultrasonic sensors can detect objects placed within their range, but they cannot distinguish 

between different shapes and sizes. However, one can overcome this limitation can by using two 

sensors instead of just one sensor. One can install both sensors a distance away from each other, 

or they can be adjacent. By observing the overlapped shaded region, one can get a better idea of 

the shape and size of the target object. 

https://rh6stzxdcl1wf9gj1fkj14uc-wpengine.netdna-ssl.com/wp-content/uploads/2019/08/fig-7.png
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Fig 3.44.2: Representation of overlapping region when one places two ultrasonic sensors at a distance or 

adjacent to each other.  

 
 Fig 3.44.3 Emitted and Reflected sound wave 

3.4.5 What are Ultrasonic Sensors Used For? 

So where can we use these sensors? Robot navigation comes to mind, as well as factory 

automation. Water-level sensing is another good use, and can be accomplished by 

positioning one sensor above a water surface. Another aquatic application is to use these 

https://rh6stzxdcl1wf9gj1fkj14uc-wpengine.netdna-ssl.com/wp-content/uploads/2019/08/Figure-8.png
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sensors to “see” the bottom of a body of water, traveling through the water, but reflecting 

off the bottom surface below. 

Though it might not be immediately obvious, if configured correctly ultrasonic sensors can 

even measure fluid flow rates. In the simplest case, an emitter and a receiver (separate in 

this configuration) are aligned with the flow of a fluid. Since sound is traveling through a 

moving medium, the speed of sound relative to these elements will be increased or 

decreased by the velocity of the fluid. This can be applied to flow inside pipes by aligning 

these two elements at an angle to each other, calculating the effective velocity increase 

based on the trigonometric relations between the two. 

Flowrate accuracy can be increased by using data from multiple ultrasonic elements, 

giving results accurate to within a fraction of a percent.  

 

3.5 GSM Module  

3.5.1 What is GSM? 

GSM (Global System for Mobile Communications, originally Groupe Spécial Mobile), is a 

standard developed by the European Telecommunications Standards Institute (ETSI). 

It was created to describe the protocols for second-generation (2G) digital cellular networks used 

by mobile phones and is now the default global standard for mobile communications – with over 

90% market share, operating in over 219 countries and territories. 

What is GPRS? 

General Packet Radio Service (GPRS) is a packet oriented mobile data service on the 2G and 3G 

cellular communication system’s global system for mobile communications (GSM). GPRS was 

originally standardised by European Telecommunications Standards Institute (ETSI) in response 

to the earlier CDPD and i-mode packet-switched cellular technologies. It is now maintained by 

the 3rd Generation Partnership Project (3GPP). 

3.5.2 What is this GSM Module  

A GSM module or a GPRS module is a chip or circuit that will be used to establish communication 

between a mobile device or a computing machine and a GSM or GPRS system. The 

modem (modulator-demodulator) is a critical part here. 

These modules consist of a GSM module or GPRS modem powered by a power supply circuit and 

communication interfaces (like RS-232, USB 2.0, and others) for computer. A GSM modem can 

be a dedicated modem device with a serial, USB or Bluetooth connection, or it can be a mobile 

https://en.wikipedia.org/wiki/ETSI
https://www.electronicsforu.com/videos-slideshows/what-is-1g2g3g4g5g
https://www.electronicsforu.com/technology-trends/mobile-communication-1g-4g
https://www.electronicsforu.com/technology-trends/mobile-communication-1g-4g
https://www.electronicsforu.com/electronics-projects/plus-minus-5v-supply-from-9v-battery
https://www.electronicsforu.com/?s=bluetooth
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phone that provides GSM modem capabilities. 

3.5.3 Modems, Modules and Mobile 

A GSM module or GPRS modules are similar to modems, but there’s one difference: A 

GSM/GPRS Modem is an external equipment, whereas the GSM/GPRS module is a module that 

can be integrated within an equipment. It is an embedded piece of hardware. 

A GSM mobile, on the other hand, is a complete system in itself with embedded processors that 

are dedicated to provide an interface between the user and the mobile network. 

Understanding Modems 

Wireless modems generate, transmit or decode data from a cellular network, in order to establish 

communication. 

A GSM/GPRS modem is a class of wireless modem, designed for communication over the GSM 

and GPRS network. It requires a SIM (Subscriber Identity Module) card just like mobile phones 

to activate communication with the network. Also, they have IMEI (International Mobile 

Equipment Identity) number similar to mobile phones for their identification. 

1. The MODEM needs AT commands, for interacting with processor or controller, which are 

communicated through serial communication. 

2. These commands are sent by the controller/processor. 

3. The MODEM sends back a result after it receives a command. 

4. Different AT commands supported by the MODEM can be sent by the 

processor/controller/computer to interact with the GSM and GPRS cellular network. 

It’s functions include: 

 Read, write and delete SMS messages. 

 Send SMS messages. 

 Monitor the signal strength. 

 Monitor the charging status and charge level of the battery. 

 Read, write and search phone book entries. 

What is a mobile station? 

A mobile phone and Subscriber Identity Module (SIM) together form a mobile station. It is the 

user equipment that communicates with the mobile network. A mobile phone comprises of Mobile 

Termination, Terminal Equipment and Terminal Adapter. 

https://www.electronicsforu.com/resources/cool-stuff-misc/wanted-know-gsm-commands
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Mobile Termination is interfaced with the GSM mobile network and is controlled by a baseband 

processor. It handles access to SIM, speech encoding and decoding, signalling and other network 

related tasks. The Terminal Equipment is an application processor that deals with handling 

operations related to keypad, screen, phone memory and other hardware and software services 

embedded into the handset. The Terminal Adapter establishes communication between the 

Terminal Equipment and the Mobile Termination using AT commands. The communication with 

the network in a GSM/GPRS mobile is carried out by the baseband processor. 

3.5.4 Tasks that can be done by AT commands 

     Here are some of the tasks that can be done using AT commands with a GSM/GPRS modem or 

mobile phone: 

 Get basic information about the mobile phone or GSM/GPRS modem. For example, name of 

manufacturer (AT+CGMI), model number (AT+CGMM), IMEI number (International Mobile 

Equipment Identity) (AT+CGSN) and software version (AT+CGMR). 

 Get basic information about the subscriber. For example, MSISDN (AT+CNUM) and IMSI number 

(International Mobile Subscriber Identity) (AT+CIMI). 

 Get the current status of the mobile phone or GSM/GPRS modem. For example, mobile phone 

activity status (AT+CPAS), mobile network registration status (AT+CREG), radio signal strength 

(AT+CSQ), battery charge level and battery charging status (AT+CBC). 

 Establish a data connection or voice connection to a remote modem (ATD, ATA, etc). 

 Send and receive fax (ATD, ATA, AT+F*). 

 Send (AT+CMGS, AT+CMSS), read (AT+CMGR, AT+CMGL), write (AT+CMGW) or delete 

(AT+CMGD) SMS messages and obtain notifications of newly received SMS messages 

(AT+CNMI). 

 Read (AT+CPBR), write (AT+CPBW) or search (AT+CPBF) phonebook entries. 

 Perform security-related tasks, such as opening or closing facility locks (AT+CLCK), checking 

whether a facility is locked (AT+CLCK) and changing passwords (AT+CPWD). 

(Facility lock examples: SIM lock [a password must be given to the SIM card every time the mobile 

phone is switched on] and PH-SIM lock [a certain SIM card is associated with the mobile phone. 

To use other SIM cards with the mobile phone, a password must be entered.]) 

 Control the presentation of result codes / error messages of AT commands. For example, you can 

control whether to enable certain error messages (AT+CMEE) and whether error messages should 

be displayed in numeric format or verbose format (AT+CMEE=1 or AT+CMEE=2). 

 Get or change the configurations of the mobile phone or GSM/GPRS modem. For example, change 

the GSM network (AT+COPS), bearer service type (AT+CBST), radio link protocol parameters 

(AT+CRLP), SMS center address (AT+CSCA) and storage of SMS messages (AT+CPMS). 

 Save and restore configurations of the mobile phone or GSM/GPRS modem. For example, save 

(AT+CSAS) and restore (AT+CRES) settings related to SMS messaging such as the SMS center 

address. 

Note 

Mobile phone manufacturers usually do not implement all AT commands, command parameters 
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and parameter values in their mobile phones. Also, the behaviour of the implemented AT 

commands may be different from that defined in the standard. In general, GSM/GPRS modems 

designed for wireless applications have better support of AT commands than ordinary mobile 

phones. 

In addition, some AT commands require the support of mobile network operators. For example, 

SMS over GPRS can be enabled on some GPRS mobile phones and GPRS modems with the 

+CGSMS command (command name in text: Select Service for MO SMS Messages). But if the 

mobile network operator does not support the transmission of SMS over GPRS, you cannot use 

this feature. 

3.5.5 GSM – Architecture, Features & Working 

GSM is a mobile communication modem; it is stands for global system for mobile communication 

(GSM). The idea of GSM was developed at Bell Laboratories in 1970.  It is widely used mobile 
communication system in the world. GSM is an open and digital cellular technology used for transmitting 

mobile voice and data services operates at the 850MHz, 900MHz, 1800MHz and 1900MHz frequency 

bands. 

GSM system was developed as a digital system using time division multiple access (TDMA) 

technique for communication purpose. A GSM digitizes and reduces the data, then sends it down 

through a channel with two different streams of client data, each in its own particular time slot. 

The digital system has an ability to carry 64 kbps to 120 Mbps of data rates. 

 
Fig 3.5.5  GSM Modem 

There are various cell sizes in a GSM system such as macro, micro, pico and umbrella cells. Each 

cell varies as per the implementation domain. There are five different cell sizes in a GSM network 

macro, micro, pico and umbrella cells. The coverage area of each cell varies according to the 

implementation environment. 

https://www.elprocus.com/wp-content/uploads/2013/07/GMS-Modem.jpg
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  Fig 3.5.5 GMS Modem Circuit 

 

 

3.5.6 Applications of GSM module 

They can feature all the functionalities of a mobile phone through computer like making and 

receiving calls, SMS, MMS etc. These are mainly employed for computer based SMS and MMS 

services. 

 The GSM/GPRS module demonstrates the use of AT commands. They can feature all the 

functionalities of a mobile phone through computer like making and receiving calls, SMS, MMS 

etc. These are mainly employed for computer-based SMS and MMS services. 

They are known as AT commands because every command line starts with “AT” or “at”. AT 

commands are instructions used to control a modem. AT is the abbreviation of ATtention. 

GSM/GPRS modems and mobile phones support an AT command set that is specific to the GSM 

technology, .which includes SMS-related commands like AT+CMGS (Send SMS message), 

AT+CMSS (Send SMS message from storage), AT+CMGL (List SMS messages) and AT+CMGR 

https://www.elprocus.com/wp-content/uploads/2013/07/GMS-Modem-Circuit.jpg
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(Read SMS messages). 

Note that the starting “AT” is the prefix that informs the modem about the start of a command line. 

It is not part of the AT command name. For example, D is the actual AT command name in ATD 

and +CMGS is the actual AT command name in AT+CMGS. However, some books and websites 

use them interchangeably as the name of an AT command. 

3.6 7805 voltage regulator 

3.6.1 Introduction  

 the 7805 Voltage Regulator IC. A regulated power supply is very much essential for several 

electronic devices due to the semiconductor material employed in them have a fixed rate of 

current as well as voltage. The device may get damaged if there is any deviation from the fixed 

rate. 

One of the important sources of DC Supply are Batteries. But using batteries in sensitive 

electronic circuits is not a good idea as batteries eventually drain out and loose their potential 

over time.  

Also, the voltage provided by batteries are typically 1.2V, 3.7V, 9V and 12V. This is good for 

circuits whose voltage requirements are in that range. But, most of the TTL IC’s work on 5V 

logic and hence we need a mechanism to provide a consistent 5V Supply.   

Here comes the 7805 Voltage Regulator IC to the rescue. It is an IC in the 78XX family of linear 

voltage regulators that produce a regulated 5V as output. 

3.6.2 A Brief Note on 7805 Voltage Regulator 

7805 is a three terminal linear voltage regulator IC with a fixed output voltage of 5V which is 

useful in a wide range of applications. Currently, the 7805 Voltage Regulator IC is manufactured 

by Texas Instruments, ON Semiconductor, STMicroelectronics, Diodes incorporated, Infineon 

Technologies, etc.  
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  Fig 3.6.1 7805 regulator 

They are available in several IC Packages like TO-220, SOT-223, TO-263 and TO-3. Out of 

these, the TO-220 Package is the most commonly used one (it is the one shown in the above 

image).  

Some of the important features of the 7805 IC are as follows:  

It can deliver up to 1.5 A of current (with heat sink).  

Has both internal current limiting and thermal shutdown features.  

Requires very minimum external components to fully function. 

 

3.6.3 Pin Diagram of 7805 Voltage Regulator IC 

As mentioned earlier, 7805 is a three terminal device with the three pins being 1. INPUT, 2. 

GROUND and 3. OUTPUT. The following image shows the pins on a typical 7805 IC in To-220 

Package.  
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Fig 3.6.2 pin diagram  

The pin description of the 7805 is described in the following table: 

PIN 

NO. 
PIN DESCRIPTION 

1 INPUT Pin 1 is the INPUT Pin. A positive 

unregulated voltage is given as input to 

this pin. 

2 GROUND Pin 2 is the GROUND Pin. It is 

common to both Input and Output. 

3 OUTPUT Pin 3 is the OUTPUT Pin. The output 

regulated 5V is taken at this pin of the 

IC. 

3.6.4 Basic Circuit of 7805 

As I have previously talked about regulated power supply as a device that works on DC voltages 

and it can uphold its output accurately at a fixed voltage all the time even if there is a significant 

alteration in the DC input voltage. 

As per the datasheets of 7805 IC, the basic circuit required for 7805 to work as a complete 

regulator is very simple. In fact, if the input supply is an unregulated DC Voltage, then all you 

need are two capacitor (even those are not mandatory depending on the implementation).  

 

  Fig 3.64 basic circuit diagram 
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The above circuit shows all the components required for a 7805 IC to work properly. The 0.22μF 

Capacitor near the input is required only if the distance between the regulator IC and the power 

supply filter is high. Also, the 0.1μF Capacitor near the output is optional and if used, it helps in 

the transient response. In this circuit, VIN is the input voltage to the 7805 IC and the source can 

be from either a battery of an unregulated DC. VOUT is the output of the 7805 IC, which is a 

Regulated 5V. 

 

3.6.5 Schematic of 7805 IC 

The heart of the 7805 IC is a transistor (Q16) that controls the current between the input and 

output and thus controlling the output voltage. The bandgap reference (yellow) keeps the voltage 

stable. It takes the scaled output voltage as input (Q1 and Q6) and provides an error signal (to 

Q7) for indication if the voltage is too high or low. The key task of the bandgap is to provide a 

stable and accurate reference, even as the chip’s temperature changes. 
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Fig 3.65 schematic diagram 

  

The error signal from the bandgap reference is amplified by the error amplifier (orange). This 

amplified signal controls the output transistor through Q15. This closes the negative feedback 

loop controlling the output voltage. The startup circuit (green) provides initial current to the 

bandgap circuit, so it doesn’t get stuck in an “off” state. The circuit in purple provides protection 

against overheating (Q13), excessive input voltage (Q19) and excessive output current (Q14). 

These circuits reduce the output current or shutdown the regulator, protecting it from damage in 

case of a fault. The voltage divider (blue) scales down the voltage on the output pin for use by the 

bandgap reference. 

3.6.5 Important Points on 7805 Voltage Regulator IC  

 The first important point to note is that the input voltage should always be greater than the output 

voltage (atleast by 2.5V).  

 The input current and output current are almost identical. This means that when a 7.5V 1A supply 

is given at input, the output will be 5V 1A.  

 The remaining power is dissipated as heat and hence a heat sink like the one shown below must be 

used with 7805 IC.  

3.7 Transister 

      3.7.1 Introduction 

A transistor is a device that regulates current or voltage flow and acts as a switch or gate for 

electronic signals. Transistors consist of three layers of a semiconductor material, each capable of 

carrying a current. 

The transistor was invented by three scientists at the Bell Laboratories in 1947, and it rapidly 

replaced the vacuum tube as an electronic signal regulator. A transistor regulates current or voltage 

flow and acts as a switch or gate for electronic signals. A transistor consists of three layers of 

a semiconductor material, each capable of carrying a current. A semiconductor is a material such 

as germanium and silicon that conducts electricity in a "semi-enthusiastic" way. It's somewhere 

between a real conductor such as copper and an insulator (like the plastic wrapped around wires). 

The semiconductor material is given special properties by a chemical process called doping. The  

doping results in a material that either adds extra electrons to the material (which is then called N-

type for the extra negative charge carriers) or creates "holes" in the material's crystal structure 

(which is then called P-type because it results in more positive charge carriers). The transistor's 

three-layer structure contains an N-type semiconductor layer sandwiched between P-type layers (a 

PNP configuration) or a P-type layer between N-type layers (an NPN configuration). 
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A small change in the current or voltage at the inner semiconductor layer (which acts as the control 

electrode) produces a large, rapid change in the current passing through the entire component. The 

component can thus act as a switch, opening and closing an electronic gate many times per second. 

Today's computers use circuitry made with complementary metal oxide semiconductor (CMOS) 

technology. CMOS uses two complementary transistors per gate (one with N-type material; the 

other with P-type material). When one transistor is maintaining a logic state, it requires almost no 

power. 

Transistors are the basic elements in integrated circuits (IC), which consist of very large numbers 

of transistors interconnected with circuitry and baked into a single silicon microchip. 

 

  Fig 3.7.1 NPN Transistor 

3.7.2 NPN Transistor 

NPN Transistors are three-terminal, three-layer devices that can function as either amplifiers or 

electronic switches 

comes in two basic forms. An NPN (Negative-Positive-Negative) type and a PNP (Positive-

Negative-Positive) type. 

The most commonly used transistor configuration is the NPN Transistor. We also learnt that the 

junctions of the bipolar transistor can be biased in one of three different ways – Common 

Base, Common Emitter and Common Collector. 

In this tutorial about bipolar transistors we will look more closely at the “Common Emitter” 

configuration using the Bipolar NPN Transistor with an example of the construction of a NPN 

transistor along with the transistors current flow characteristics is given below. 
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3.7.3 A Bipolar NPN Transistor Configuration 

 

Fig 3.7.2 NPN transistor configuration 

(Note: Arrow defines the emitter and conventional current flow, “out” for a Bipolar NPN 

Transistor.) 

  

The construction and terminal voltages for a bipolar NPN transistor are shown above. The 

voltage between the Base and Emitter ( VBE ), is positive at the Base and negative at the Emitter 

because for an NPN transistor, the Base terminal is always positive with respect to the Emitter. 

Also the Collector supply voltage is positive with respect to the Emitter ( VCE ). So for a bipolar 

NPN transistor to conduct the Collector is always more positive with respect to both the Base and 

the Emitter. 

 
  Fig 3.73 NPN Transistor Connection 

Then the voltage sources are connected to an NPN transistor as shown. The Collector is 

connected to the supply voltage VCC via the load resistor, RL which also acts to limit the 

maximum current flowing through the device. The Base supply voltage VB is connected to the 

Base resistor RB, which again is used to limit the maximum Base current. 

So in a NPN Transistor it is the movement of negative current carriers (electrons) through the 

Base region that constitutes transistor action, since these mobile electrons provide the link 

between the Collector and Emitter circuits. This link between the input and output circuits is the 

main feature of transistor action because the transistors amplifying properties come from the 

consequent control which the Base exerts upon the Collector to Emitter current. 

Then we can see that the transistor is a current operated device (Beta model) and that a large 

current ( Ic ) flows freely through the device between the collector and the emitter terminals 



34 

 

when the transistor is switched “fully-ON”. However, this only happens when a small biasing 

current ( Ib ) is flowing into the base terminal of the transistor at the same time thus allowing the 

Base to act as a sort of current control input. 

The current in a bipolar NPN transistor is the ratio of these two currents ( Ic/Ib ), called the DC 

Current Gain of the device and is given the symbol of hfe or nowadays Beta, ( β ). 

The value of β can be large up to 200 for standard transistors, and it is this large ratio 

between Ic and Ib that makes the bipolar NPN transistor a useful amplifying device when used in 

its active region as Ib provides the input and Ic provides the output. Note that Beta has no units as 

it is a ratio. 

Also, the current gain of the transistor from the Collector terminal to the Emitter terminal, Ic/Ie, 

is called Alpha, ( α ), and is a function of the transistor itself (electrons diffusing across the 

junction). As the emitter current Ie is the sum of a very small base current plus a very large 

collector current, the value of alpha (α), is very close to unity, and for a typical low-power signal 

transistor this value ranges from about 0.950 to 0.999 

3.8 Resistor 

   3.8.1 What is a resistor? 

               The resistor is a passive electrical component to create resistance in the flow of electric 

current. In almost all electrical networks and electronic circuits they can be found. The resistance 

is measured in ohms. An ohm is the resistance that occurs when a current of one ampere passes 

through a resistor with a one volt drop across its terminals. The current is proportional to the 

voltage across the terminal ends. This ratio is  represented by Ohm’s law: 

 

Resistors are used for many purposes. A few examples include delimit electric current, voltage 

division, heat generation, matching and loading circuits, control gain, and fix time constants. 

They are commercially available with resistance values over a range of more than nine orders of 

magnitude. They can be used to as electric brakes to dissipate kinetic energy from trains, or be 

smaller than a square millimeter for electronics. 

3.8.2Resistor characterist ics  

Dependent on the application, the electrical engineer specifies different properties of the resistor. 

The primary purpose is to limit the flow of electrical current; therefore the key parameter is the 

resistance value. The manufacturing accuracy of this value is indicated with the resistor tolerance 

in percentage. Many other parameters that affect the resistance value can be specified, such as 

long term stability or the temperature coefficient. The temperature coefficient, usually specified 

http://www.resistorguide.com/ohms-law/
http://www.resistorguide.com/resistor-properties/
http://www.resistorguide.com/temperature-coefficient-of-resistance/
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in high precision applications, is determined by the resistive material as well as the mechanical 

design. 

In high frequency circuits, such as in radio electronics, the capacitance and inductance can lead to 

undesired effects. Foil resistors generally have a low parasitic reactance, while wirewound 

resistors are amongst the worst. For accurate applications such as audio amplifiers, the electric 

noise must be as low as possible. This is often specified as microvolts noise per volt of applied 

voltage, for a 1 MHz bandwidth. For high power applications the power rating is important. This 

specifies the maximum operating power the component can handle without altering the properties 

or damage. The power rating is usually specified in free air at room temperature. Higher power 

ratings require a larger size and may even require heat sinks. Many other characteristics can play 

a role in the design specification. Examples are the maximum voltage, or the pulse stability. In 

situations where high voltage surges could occur this is an important characteristic. 

3.8.3 colour code 

A resistor is a passive two-terminal electrical component that implements electrical 

resistance as a circuit element. In electronic circuits, resistors are used to reduce current flow, adjust 

signal levels, to divide voltages, bias active elements, and terminate transmission lines, among 

other uses. High-power resistors that can dissipate many watts of electrical power as heat, may be 

used as part of motor controls, in power distribution systems, or as test loads for generators. 

Table 3.8 colourcoding 

http://www.resistorguide.com/foil-resistor/
http://www.resistorguide.com/wirewound-resistor/
http://www.resistorguide.com/wirewound-resistor/
http://www.resistorguide.com/resistor-noise/
http://www.resistorguide.com/resistor-noise/
http://www.resistorguide.com/power-rating/
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3.9 Relay or Electro-Mechanical Switch:          

       3.9.1 Introduction  

It is a mechanical switch which is operated electrically to turn ON or OFF current in an 

electrical switch. Some of the advantages by using relays are 

1. The relay requires a small power for its operation. This permits to control a large power in the load 

by a small power to the relay circuit. Thus a relay acts as a power amplifier i.e. it combines control 

with power amplification. 

2. The switch in the relay coil carries a small current as compared to the load current. This permits 

the use of a smaller switch in the relay coil circuit. 

3. The operator can turn ON or OFF power to a load even from a distance. This is a very important 

advantage when high voltages are to be handled. 

 

4. There is no danger sparking as the turning ON or OFF is carried by the relay coil switch which 

carries a small current.  But the speed operation is very small 

 

 

 

 
Fig 3.9.1 relay 
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3.9.2 Relay connection diagram 
 

  Fig3.9.2connection diagram 

 

3.9.3 Relay Operation 

 

The figures illustrate the relay operation. For ease of understanding we have given attracted type 

electromagnetic type relay. In any type of electromechanical relay of the relay, the major 

components are coil, armature and contacts. A piece of wire is wound around a magnetic core so 

it forms an electromagnet. When the supply is given to this coil, it becomes energized and 

produces an electromagnetic field. An armature is a movable part and its main function is to open 

or close the contacts. It is attached with a spring so that under normal working condition this 

armature comes back to its original position. And the contacts are the conducting parts which 

connects the load and source circuits. 

Under Energized Condition 

If the coil is supplied by the source, the coil of the relay gets energized and produces a magnetic 

flux proportional to the current flowing through it. This magnetic field causes to attract the 

armature towards the electromagnet and hence both moving and fixed contacts are come closer to 

each other as shown in figure. In case of NO, NC and COM terminals (not shown in figure), both 

NO and COM terminals are get contact when the relay get energized while NC contact remains 

floating. 
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Under De-energized Condition 

When the power is not supplied to the relay coil, there is no magnetic flux production and hence 

the armature is in stationary position. Therefore, both the contacts are remains untouched and 

there exists a small air gap between these contacts. In other words, NC and COM contacts are get 

in touch with each other when the coil is de-energized 

Relay Contact Types 

Relays come in a variety styles, configurations, sizes and technologies. Depends on the 

application, suitability of the relay is considered. Basically, a relay has three contacts which are 

necessary to connect the two circuits but the way these contacts are configured or switching 

action of the contacts, relays are classified into different types. Before we know about this 

classification of contacts we have to know the poles and throws of a relay switch. 

3.9.4 Normally Open and Normally Closed Contacts 

A Normally Open relay indicates the switch open condition under coil demagnetized condition. 

Whenever the actuation is performed by the energized coil, the circuit gets closed as shown in 

figure a in which a simple SPST relay is used for performing the switching operation. Alternately 

a Normally Closed (NC) relay is connected to the circuit by default, even when the coil is 

demagnetized or unpowered condition. 

Whenever the coil is energized these contacts become opened and thereby the active circuit is 

opened as shown in figure b. A relay can be configured with both these contacts as SPDT 

configuration by consisting NC and NO contacts in the relay itself as shown in figure c. Based on 

the application requirement, we can connect these NC and NO terminals so that it can be 

switched from make to break or break to make or switched between two circuits. By considering 

the above relay contact concepts, we can obtain the relays with NO and NC contacts for various 

switching operations as shown in below figure. 

3.94 NPN Drive  

A simple relay driver is formed by using NPN or PNP transistor to control the current through the 

coil of the relay. A low power control circuit is needed to supply the base current in order to turn 

ON or OFF of the transistors. Below figure shows NPN transistor driven relay in which the relay 

coil is connected between the DC supply terminal and the collector terminal of NPN transistor. 

The resistor R1 limits the current flow to the base of the transistor and the diode D1 protects the 

transistor from damage due to the back emf generated in the relay coil when the transistor is 

turned OFF. 

Whenever the base terminal is supplied with an appropriate current, NPN transistor is driven into 

saturation mode and hence it completes the path from supply to ground. The current flow through 

the relay coil produces the magnetic flux which is responsible to operate the relay contacts. This 
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magnetic field attracts the relay contacts and thus relay is operated. When no base current is 

supplied, transistor is in cutoff mode and hence the relay coil is in de-energized condition. 

 

Fig 3.9 NPN Drive 

3.10 Motor 

3.10.1 Introduction 

The first submersible pump was invented by Armais Arutunoff in the year 1928. He is an 

engineer in the Armenian oil delivery system. The name of the pump is submersible oil pump and 

this was installed in an oil field. The pump’s design was established in the year 1929 by the 

Pleuger Pumps. This is a device coupled with a completely airtight sealed motor to the pump. 

The entire assembly can be submerged within the liquid to be pushed. These pumps are mainly 

used for preventing the cavitations of the pump. The function of this pump is dissimilar to jet 

pumps because, submersible water pumps push liquid toward the surface, whereas the jet pumps 

pull the liquid. So these pumps are more efficient than jet pumps. This article discusses an 

overview of submersible pumps. 

3.10.2 What is a Submersible Pump? 

The submersible pump definition is, as the name suggests these pumps are designed because they 

are immersed in a well, tank, otherwise container. Submersible pump designers have designed 

several general types of pumps to make them appropriate for immersion. The submersible 

pumps motors are enclosed within compartments which are filled with oil that don’t have contact 

by the material they are pushing. 

 

https://www.elprocus.com/solar-powered-automatic-irrigation-system/
https://www.elprocus.com/different-types-of-servo-motors-dc-servo-motor-and-ac-servo-motor/
https://www.electronicshub.org/wp-content/uploads/2015/06/NPN-Driver.jpg
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3.10.3 Types of Submersible Pumps 

There are different types of submersible pumps used in wells, tanks, etc. The pumps which are 

used in wells are discussed below. 

 
         Fig 3.10.1 Types of Submersible Pumps 

3.10.4 Advantages & Disadvantages 

The advantages of submersible pump include the following. 

 This pump never has to be primed 

 These pumps are also very efficient 

 The pressure of water drives the water into a pump, therefore conserving a lot of the energy. 

 These pumps handle solids as well as liquids. 

The disadvantages of submersible pump include the following. 

 If a gasket of the pump loses its integrity then causes the leak from the pump to leak, ultimately the 

internal parts will damage. 

 The pump failure cannot notice quickly because it is submerged in water. 

 The cost of these pumps high when compare with non-submersible pumps. 

 Several stage pumps are utilized for wells, like or water. 

3.10.5 Applications of Submersible Pump 

The applications of submersible pump include the following. 

 These pumps are used in irrigation, drinking water supply, oil production, and dewatering. 

 These pumps operate in pits, sumps, wet wells, otherwise, generally basins are used for pumping the 

wastewater that leaks into homes as well as other buildings, ground, and gear drain within a 

building, 

 This type of pump is also utilized in pools & plants. 

http://www.neerpumps.com/
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CHAPTER 4 

Coding:- 

 
#include <LiquidCrystal.h> 

LiquidCrystal lcd(10, 9, 8, 7, 6, 5); 
#include "DHT.h" 

#include<SoftwareSerial.h> 

SoftwareSerial gsm(2,3);//RX,TX 

String exString; 
//dht DHT 

#define DHTPIN 4 

int lvl=3000,mot=12,k; 
const int trigPin1 = A2,echoPin1 = A1; 

const int MOISTURE = A3; 

const int THRESHHOLD = 750; 
int maximumRange = 55; 

long duration, distance; 

#define DHTTYPE DHT11   // DHT 11 

DHT dht(DHTPIN, DHTTYPE); 
int us1,so=11,moi=A3; 

void setup() 

{ 
  pinMode(mot,OUTPUT);pinMode(moi,INPUT); 

  Serial.begin(9600); 

  gsm.begin(9600); 

  lcd.begin(16, 2); 
  lcd.setCursor(0, 0); 

  lcd.print("GSM BASED AGRI  "); 

  lcd.setCursor(0, 1); 
  lcd.print("MONITORING..... "); 

  delay(2000); 

  lcd.setCursor(0, 0); 
  lcd.print("T:   H:     S:N "); 

  lcd.setCursor(0, 1); 

  lcd.print("U:       M:     "); 

  RecieveMessage();Serial.println("kk"); 
   

} 

void loop() 
{lcd.setCursor(11, 1); 

  lcd.print(digitalRead(moi)); 

  ht();u1();rsms(); 
 

if(us1>lvl) 

{ 

  Serial.println("motor on"); 
  digitalWrite(mot,HIGH); 

} 

if(digitalRead(moi)==1 && k=='1') 
{ 
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  Serial.println("moisture act"); 

  digitalWrite(mot,HIGH);   

  } 
else  

{ 

  digitalWrite(mot,LOW); 
} 

} 

/*else if(us1 <10) 

{ 
Serial.println("More than half filled"); 

LedState(LOW); 

} 
    if(digitalRead(so)==1) 

    { 

      Serial.print("Sound detected take alert..."); 
      //pinMode(13,OUTPUT); 

      digitalWrite(13,HIGH); 

      lcd.setCursor(14, 0); 

      lcd.print("A"); 
      delay(500); 

      digitalWrite(13,LOW);lcd.setCursor(14, 0); 

      lcd.print("N"); 
    }*/ 

 

void ht() 

{ 
  delay(2000); 

 

  // Reading temperature or humidity takes about 250 milliseconds! 
  // Sensor readings may also be up to 2 seconds 'old' (its a very slow sensor) 

  int h = dht.readHumidity(); 

  // Read temperature as Celsius (the default) 
  int t = dht.readTemperature(); 

  // Read temperature as Fahrenheit (isFahrenheit = true) 

  float f = dht.readTemperature(true); 

  int m = analogRead(A0); 
  m=m/3; 

  // Check if any reads failed and exit early (to try again). 

  if (isnan(h) || isnan(t) || isnan(f)) { 
    Serial.println("Failed to read from DHT sensor!"); 

    return; 

  } 
  // Compute heat index in Fahrenheit (the default) 

  float hif = dht.computeHeatIndex(f, h); 

  // Compute heat index in Celsius (isFahreheit = false) 

  float hic = dht.computeHeatIndex(t, h, false); 
  Serial.print("H0"); 

  Serial.print(String(h)+"*"); 

  Serial.print("T0"); 
  Serial.print(String(t)+"*"); 
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  lcd.setCursor(2, 0); 

  lcd.print(t); 

  lcd.setCursor(7, 0); 
  lcd.print(h); 

   

} 
long microsecondsToInches(long microseconds) 

{ 

  return microseconds / 74 / 2; 

} 
 

long microsecondsToCentimeters(long microseconds) 

{ 
  return microseconds / 29 / 2; 

} 

 
void u1() 

{ 

  long duration1, inches1, cm1; 

  pinMode(trigPin1, OUTPUT); 
  digitalWrite(trigPin1, LOW); 

  delayMicroseconds(2); 

  digitalWrite(trigPin1, HIGH); 
  delayMicroseconds(10); 

  digitalWrite(trigPin1, LOW); 

  pinMode(echoPin1, INPUT); 

  duration1 = pulseIn(echoPin1, HIGH); 
 

  // convert the time into a distance 

  inches1 = microsecondsToInches(duration1); 
  cm1 = microsecondsToCentimeters(duration1); 

  us1=cm1; 

  Serial.print("U1:"); 
  Serial.print(cm1); 

  Serial.print("cm"); 

  Serial.println(""); 

  //delay(100); 
  lcd.setCursor(2, 1);lcd.print(us1);lcd.print("  "); 

} 

void rsms() 
{ 

if (gsm.available()>0) 

{  
  exString=gsm.readString(); 

  Serial.println(exString); 

  Serial.println(exString.substring(12,22)); 

  Serial.println("--------"); 
  Serial.println(exString.substring(51,54));   

  Serial.println("--------"); 

  if(exString.substring(51,54)=="S01") 
  { 
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//    ang=30; 

    Serial.println("TURN 1--------ok"); 

    lvl=10;  } 
  else if(exString.substring(51,54)=="S02") 

  { 

     Serial.println("TURN 2--------ok"); 
    lvl=30;     } 

  else if(exString.substring(51,54)=="S03") 

  { 

    k='1'; 
    Serial.println("TURN 3--------ok"); 

    //gps('3'); 

//    ang=70;     } 
  else if(exString.substring(51,54)=="MON") 

  { 

     
    Serial.println("TURN 4--------ok"); 

    digitalWrite(mot,LOW);     } 

  else if(exString.substring(51,54)=="MOF") 

  { 
    Serial.println("TURN 4--------ok"); 

    digitalWrite(mot,LOW); 

  } 
}   

} 

void RecieveMessage() 

{ 
  gsm.println("AT+CMGF=1");    //Sets the GSM Module in Text Mode 

  delay(1000); 

  gsm.println("AT+CNMI=2,2,0,0,0"); // AT Command to receive a live SMS 
  delay(1000); 

} 
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Chapter 5 

Advantages and Disadvantages 

5.1 Advantages  

 The usage of the water would be less than normal type . 

 Implementing the advanced forming technics. 

 The formers can be relax while using it. 

 The controlling of the Motor is easier. 

 We can save the Electrical Power while using the automatic operation. 

 The overall Efficiency will me much greater then the normal Farming. 

5.2 Disadvantages 

 Separate low voltage source is necessary to operate the sensors and Arduino 

 The sensors should be handle with care 

 The crop in the field should be known earlier. 
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CHAPTER 7 

CONCLUSION 

 

As the generation evolved, man developed many methods of irrigation to supply water 

to the land. In the present scenario on conversation of water is  high importance. Present 

work is attempts to save the natural resources available for human kind. By continuously 

monitoring the status of soil, we can control the flow of water and there by reduce the 

wastage. 
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PROJECT PROFORMA 
 

 

 

 

Classification of Project 

Application Product Research Review 

    

Note: Tick Appropriate category. 
 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

Mapping Table 
 

Project 

Outcome

s 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO
2 

Outcome 

1 

3  2 
 

3 1 2 2 3 1 3 2 2 2 2 2 

Outcome 

2 

3 2 2 3 3 3 3 2 3 2 3 3 2 2 

Outcome 

3 

2 2 2 2 3 3 3 2 3 2 2 2 2 2 

Outcome 

4 

2 2 3 3 2 3 3 2 3 2 3 2 2 2 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based on level 

of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped 3-Substantially (High) mapped 
 

Programme Outcomes: 
 

1.  Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization for the solution of complex engineeringproblems. 
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2. Problem analysis: Identify, formulate, research literature, and analyze complex engineering 

problems reaching substantiated conclusions using first principles of mathematics, natural sciences, 

and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 

consideration for public health and safety, and cultural, societal, and environmental considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and research 

methods including design of experiments, analysis and interpretation of data, and synthesis of t h 

e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and Modern 

engineering and IT tools, including prediction and modeling to complex engineering activities, 

with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 

societal, health, safety, legal, and cultural issues and the consequent responsibilities relevant to the 

professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and need  for 

sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or leader in 

diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with the society at large, such as, being able to comprehend and write 

effective reports and design documentation, make effective presentations, and give and receive 

clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member and leader 

in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to engage 

in independent and life-long learning in the broadest context of technological change. 
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Programme Specific Outcomes (PSO): 
 

1. Apply the knowledge of circuit design, analog & digital electronics to the field 

of electrical and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power 

systems using modern tools. 
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ABSTRACT 

Now a days  Robotics plays a prominent role in industrial applications. Humans are facing a lot 

of effort in doing the hand work. So with the invention of robots, a large machines human effort 

is reduced a lot and with the help of these robots we are going to complete the industrial work as 

early as possible. In this project we are going to complete the industrial work without human 

effort. We will provide instructions to the robot and with the help of these instructions it is going 

to provide appropriate result for us. 

Generally arc welding is a process of joining two metals in order to complete the weld. Arc 

welding normally becomes a time taking process for humans. In order to avoid this time taking 

process, we are going to complete the arc welding with the help of the robot. 

 

In this project, we are going to introduce a new kind of robot, named YASKAWA.YASKAWA 

is a Japanese made robot which is going to use in automation, production and large 

manufacturing industries at present. It will sense the instructions given by the humans and try to 

complete the given task. 

 

In this project, we are going to simulate the arc welding process with the help of a software, by 

name MOTOMAN. Based on the  instructions given with respect to the coordinate axis the robot 

is going to complete the given task. 
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CHAPTER 1 

 

PROGRAMMABLE LOGIC CONTROLLER 

 
1.1 WHAT IS PLC? 

A Programmable Logic Controller (PLC) is a small, self–contained, rugged computer designed to 

control processes and events in an industrial environment – that is, to take over the job previously done 

with relay logic controllers. Wires from switches, sensors and other input devices are attached directly to 

PLC. Each PLC contains a microprocessor that has been programmed to drive the output (O/P). Terminals 

in specified manner, based on the signals from the input terminals. The PLC program is usually developed 

on the separate programmer (PG) computer such as a Personal Computer (PC), using special software 

provided by the PLC manufacturer. Once the program has been written, it is transferred or downloaded 

into the PLC. 

The basic function of a PLC is to provide output commands to a machine or process based on some 

combination of a set of input condition of a set of input conditions to that machine or process. The PLC is 

similar to the familiar relay logic panel but with extended capabilities. The internal wiring of a PLC is 

fixed and the logical function that it must perform are programmed into a “memory”, hence the name 

“Programmable Controller”. 

The processor with built in routines scan the input signals and in accordance with the “stored programmed 

in memory” initiates the required output signals. The PLC may perform timing, counting and other 

functions dependent on the design of the PLC. 

1.2 EVOLUTION OF PLC  

Programmable logic controller are widely used in automation the process in any type of industry. Relay 

logic was used well before the invention of PLC. A Programmable logic controller is a solid state logic 

control device with a user programmable memory, which is programmed with a user-oriented language. 

So that it can reads input conditions to machine or process. 
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Fig 1.1:Evolution of PLC 

 

 a) Advantages ofPLC 

 

 Programming and modification in the logic is veryeasy. 

 Easyconfiguration. 

 Reliability. 

 Maintainability. 

 Fast responsetime. 

 Expandability. 

 I/O modules to the externalworld. 

 b) Disadvantages ofPLC 

 Function is fixedcomplicated. 

 Low response time for large programming basedprocess. 

 Up gradation not possible for packagedPLC. 

 

 1.3 PLCHARDWARE 

 

The PLC is basically a programmed interface between the field input devices like limit 

switches, sensors, transducers, push buttons etc. And the final control elements like actuators, 

solenoid valves, dampers, drives, LED’s, etc. Programmable controller consists of the following 

modules : 
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1. Inputmodules. 

 

2. CPU with processor and program memory. 

 

3.  Outputmodules. 

 

4. Bussystem. 

 

5. Power supply.  

 

 i) InputModule 

 

The input module acts as an interface between the field control inputs and the CPU. The 

Voltage or current signals generated by the sensors, transducers, limit switches, push buttons etc. 

are applied to the terminals of the input module. The input module helps in the following way: 

 It converts the field signal into a standard control signal, for processing by thePLC. 

 Thestandardcontrolsignaldeliveredbyinputmodulecouldbe5Vor9Vwhereasthefield signal 

received by it could be say 24V DC or 230VAC. 

 If required, it isolates the field signal from theCPU. 

 It sends one input at a time to CPU by multiplexing action thus helping in serial 

communication. 

Depending upon the nature of input signal coming from the field, the input module could be, 

 

 Analog Input Module. 

 Digital InputModule. 

 

Thetypicalanalogcurrentinputmodulesare4to20mA,0to20mA and analogvoltage input 

module are 0 to 500mV and 0 to 10V. The typical digital input modules are 24V DC, 120V 

AC and 230VAC. 

a) AnalogInput 

 

 It is a continuous signals either voltage (or) current from the fieldinstruments. 



 

 

4 

 

 Analoginputmodulesconvertanalogprocesslevelsignalstodigitalvalues,whicharethen 

processed by the digital electronic hardware of the programmablecontroller. 

Examples: 

 PressureTransmitter. 

 TemperatureTransmitter. 

 FlowTransmitter. 

 LevelTransmitter. 

 ConsistencyTransmitter. 

 Ph-Transmitter. 

 

  

 b) DigitalInput 

 

 It is a discrete signal nothing but ON/OFF either voltage or potentialfree. 

 

 The ON/OFF voltage is fromthe field instruments. 

 

 It is a discrete signal is nothing butON/OFF. 

 The digital input module converts the external binary signals from the process to the  

internal digital signal level of programmablecontrollers. 

Example: 

 

 ProximitySwitches. 

 PressureSwitches. 

 LimitSwitches. 

 ReedSwitches. 

 Encoders. 

 

 ii) OutputModule 

The output module acts as a link between the CPU and the output devices located in the 



 

 

5 

 

field. The field devices could be relay, contractors, lamps, motorized potentiometers, actuators, 

solenoid valves, dampers etc. These devices actually control the process. 

Theoutput module convertstheoutputsignaldeliveredbyCPUintoanappropriatevoltage 

level suitable for the output field device. The voltage signal provided by CPU could be 5V or9V, 

but the output module converts this voltage level into say 24V DC, or 120V AC or 230V AC etc. 

Thustheoutputmodule onreceivingsignalfromtheprocessor,switchesvoltagetotherespective output 

terminals. This makes the actuators (i.e. contractors, relays etc) or indicating lights etc. 

connected to the terminal, to turn ON or OFF. Like input module, an output module could be 

analog ordigital. 

Theselectionisbasedonthevoltageratingofthefieldoutputdevices.Iftheoutputdevice 

isanalogthenanalogoutputmoduleisrequiredandifitsdigitallikecontractorcoiloralampthen digital 

output modules have 24V DC, 120V AC, and 230V AC or relayoutput. 

 a) AnalogOutput 
 

 It is a continuous signal either voltage (or)current. 

 The signals are Activate the fieldInstruments. 

 AnalogOutputmoduleconvertdigitalValuesfromthePLCProcessormoduleintoasignal 

required by theprocess. 

 It is a continuoussignal. 

Example: 

 ControlValve 

 ServoValve 

 Variable FrequencyDrives 

 I/PConverters 

 b) DigitalOutput 

 
 It is a discrete signal nothing but on/off either voltage or potential free. And activate the 

fieldinstruments. 

 Digital output modules convert internal signal levels of the programmable controllersinto 

the binary signal levels required externally by theprocess. 

 Output can be AC or DC. 

Example: 

 SolenoidValves 

 Relays 

 Drives 

 Alarms 

 Motors 

 

 iii)  PowerSupply 
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Thepowersupplymodulegeneratesthevoltagesrequiredfortheelectronicmodulesofthe PLC 

from the main supply. Typically single phase, 230V AC supply is converted into 24V DC supply 

by power supply module. It should be noted that CPU needs 24V DC input, and the CPU 

generates the other voltage required by the PLC hardware such as 5V DCetc. 

iv) BusSystem 

Bus system is a path for the transmission of signals. In the programmable 

controllers,itisresponsibleforthesignalexchangebetweenprocessorandinput/outputmodules. The 

bus comprises of several signal lines i.e. wires / tracks. There are three buses in PLCnamed, 

1. Address bus, which enables the selection of memory location or amodule. 

       2.   Data bus, which carries the data from modules to processor and vice versa. 

        3.  Control bus, which transfers control and timing signals for the synchronization of the 

CPU’s activities within the programmablecontroller. 

  

In addition to the above listed modules, the other frequently used modules in a PLC system are, 

 InterfaceModule 

 Communication ProcessorModule 

 Function Module or Intelligent PeripheryModule. 

 

1.4 OPERATION OFPLC 

 

i) Bringing Input Signal Status to the Internal Memory ofCPU 

 

Asdiscussedearlier,thefieldsignalsareconnectedtoinputmodule.Attheoutputofinput module the 

field status is converted into a voltage level that is required by the CPU. At the 

beginningofeachcycletheCPUbringsinallthefield-inputsignalsfrominputmoduleandstores into its 

internal memory as process image of input signal. This internal memory of CPU is called as PII 

(Process Image Input). The programmable controller operates cyclically i.e. when the program 

has been scanned, it starts again at the beginning of theprogram. 

ii)Processing of Signals Using Program & UpdatingPIQ 
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Once the field-input status is brought into the internal memory of CPU i.e. in PII, the execution 

of user program, statement-by-statement begins. Based on the user program the CPU performs 

logical and arithmetic operation on the date from PII. It also processes times and counts as well 

as flag states based on the instructions. The results of the user program scan i.e. decision are then 

stored in the internal memory of CPU. This internal memory is called Process Image Output or 

PIQ. 

iii) Sending Process Output Image To OutputModule 

 

Attheendoftheprogramruni.e.attheendofscanningcycle,theCPUtransfersthesignal states in the 

process image output to the output module and further to fieldcontrol. 

 

 

Fig 1.2 Sending Process Output Image to Output Module 

 

1.5 Programming Languages in PLC 

 

• Ladderdiagram 

 

• Instructionlist 



 

 

8 

 

 

• Structuredtext 

 

• Functional blockdiagram 

 

• Sequential flowchart 

 

 

Basic Elements Of Ladder Diagram: 

 

 

 

Fig 1.3:Basic elements of Ladder diagram 

PROGRAMMABLE LOGIC CONTROLLERS 

 

SDELTA DVP12SA2 

 

 

MPUpoints :12 (8DI + 4DO) 

 

Max.I/Opoints :492 (12 + 480) 

Program capacity:16k steps 
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High-Speed Pulse Output: Supports 2 points (Y0, Y2) of 100 kHz and 2 points (Y1, Y3) of 10kHz 

independent high-speed pulse output. 

Extendable to Maximum 8 Modules:DVP-SA2 is extendable to analog I/O, temperature measurement, 

input DIP switch, PROFIBUS/ Device Net communication modules and single-axis motion control 

functions. 

APPLICATIONS: 

 Printing machine, dying machine, container filler (for prescription’s), work station monitoring in 

production line. 

 

Fig 1.4:DVP-12SA2 

 

CHAPTER 2 

DELTA PLC: 

2.1 INTRODUCTION 

Programmable logic controller (PLC) is a control system using electronic operations. Its easy 

storing procedures, handy extending principles, functions of sequential/position control, timed 

counting and input/output control are widely applied to the field of industrial automation control. 

Delta's DVP series programmable logic controllers offer high-speed, stable and highly reliable 

applications in all kinds of industrial automation machines. In addition to fast logic operation, 

bountiful instructions and multiple function cards, the cost-effective DVP-PLC also supports 

various communication protocols, connecting Delta's AC motor drive, servo, human machine 
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interface and temperature controller through the industrial network in to a complete “Delta 

Solution” for all users. 

Delta's DVP series programmable logic controllers offer high-speed, stable and highly reliable 

applications in all kinds of industrial automation machines. In addition to fast logic operation, 

bountiful instructions and multiple function cards, the cost-effective DVP-PLC also supports 

various communication protocols, connecting Delta's AC motor drive, servo, human machine 

interface and temperature controller through the industrial network in to a complete “Delta 

Solution” for all users. 

HOW TO FIND ITS SPECIFICATIONS : 

 

 

Fig 2.1: PLC Specifications 

 

MODEL SPECIFICATION: 

 

 

 

Fig 2.2:PLC model Specifications 

2.2Miniature Circuit Breakers (MCB) 
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 AnMCBorminiaturecircuitbreakerisanelectromagneticdevicethatembodiescomplete 

enclosure in a molded insulatingmaterial.

 MCBs are used primarily as an alternative to the fuse switch in most of thecircuits.

 

 The main function of an MCB is to switch the circuit, i.e., to open the circuit (which has 

beenconnectedtoit)automaticallywhenthecurrentpassingthroughit(MCB)exceedsthe value 

for which it isset.

 It can be manually switched ON and OFF as similar to normal switch ifnecessary.



 It is commonly used in the low voltagenetworks.



Fig 2.3: Miniature Circuit Breaker

 

2.3SMPS: 
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 Fig 2.4: SMPS
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Thepowersupplycircuitinanyelectricalandelectroniccircuitplaysavitalroletogivethepower 

totheentirecircuit.Thedifferentcircuitsrequirevariouskindsofpoweratdifferentrangesand 

characteristics. So, the power is changed into the required form by adopting different power 

converters. Fundamentally, different types of circuits work with various kinds of power supplies 

such as SMPS. The term SMPS stands for switch mode power supply, AC to DC power supply, 

AC power supply, high voltage power supply programmable power supply, and UPS 

(uninterruptible power supply). 

 

 

Fig 2.5:SMPS Power Circuit 

The term SMPS is defined as when the power supply is involved with the switching regulator to 

change the electrical power from one form to another form with required characteristics is called 

SMPS. This power supply is used to achieve regulated DC output voltage from the DC input 

voltage (or) unregulated AC. SMPS is a complex circuit such as other power supplies, it provides 

the supply from a source to the loads. 

2.4Relay Card: 

 

Relays are switches that open and close circuits electromechanically or electronically. Relays 

controloneelectricalcircuitbyopeningandclosingcontactsinanothercircuit.Asrelaydiagrams show, 

when a relay contact is normally open (NO), there is an open contact when the relay is not 

energized.WhenarelaycontactisNormallyClosed(NC),thereisaclosedcontactwhentherelay is not 

energized. In either case, applying electrical current to the contacts will change their state. 

Relaysaregenerallyusedtoswitchsmallercurrentsinacontrolcircuitanddonotusuallycontrol 
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powerconsumingdevicesexceptforsmallmotorsandSolenoidsthatdrawlowamps.Nonetheless, 

relays can "control" larger voltages and amperes by having an amplifying effect because a small 

voltage applied to a relays coil can result in a large voltage being switched by the contacts. 

Protective relays can prevent equipment damage by detecting electrical abnormalities, including 

overcurrent, undercurrent, overloads and reverse currents. In addition, relays are also widelyused 

to switch starting coils, heating elements, pilot lights and audiblealarms. 

 

 

 

 

Fig 2.6: Relay card 

 

2.5Terminal Block 

 

Aterminalblock(alsocalledasconnectionterminalorterminalconnector)isamodularblock with 

an insulated frame that secures two or more wires together. It consists of a clamping component 
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and a conductingstrip. 

Fig 2.7 Terminal block 

Theinsulatingbodyofaterminalblockhousesacurrentcarryingelement(ametalstriporterminal bar). It 

also provides a base for clamping element. The body has a mounting arrangement so that the 

block can be easily mounted on or unmounted from a PCB or a mounting rail. Most terminal 

blocks are usually modular and mounted on DIN rail. That allows us to increase the number of 

terminalsaccordingtotherequirements.Terminalblockskeepconnectionsmuchmoresecureand wires 

wellorganized. 

 

Ground terminal blocks 

These blocks often look like a single level feed through terminals. The exception is that these 

blocks and the metal connection where the wire is terminated are grounded to the panel or DIN 

rail on which the block is mounted. 

 

Fused connection terminals 

These are similar to the pass-through blocks with an exception of the metal connection strip is 

replaced with a fuse. Therefore, the wires will be connected through a fuse providing anadded 

protection. 

 

Fig 2.8: Ground and Fuse terminal blocks 
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2.6Wire Duct (Truff) 

Wire duct is used to route, protect and/or organize electrical cables and wires, typically within a 

control panel. Rigid and flexible duct in a variety of sizes and styles offer installationflexibility; 

spiral wire wrap and braided sleeving allow easy wire grouping andprotection. 

 

 

Fig 2.9:Wire  Duct 

Wiring ducts are rigid trays typically used as raceways for cables and wires within electrical 

enclosures. Wiring ducts, along with conduit, wireways, and cable carriers, are often used as 

basic components of a cable management system. The bulleted list below compares these 

components and their typical uses.Wiringductsare used to organize and protect cables within 

enclosures. They typically include features that allow cables and wires to be easily re-routed and 

terminated within the enclosure. 

2.7HOW TO START WITH DELTA PLC: 

 

 Click the delta PLC named as Delta WPL Soft icon in thedesktop.

 Then a new page will be open as shown below.
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Fig 2.10: Delta PLC Software
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 Then select a PLC model SA2 and then click ok. 

 

 

    Fig 2.11: Selecting PLC model SA2 

 

 Then a blank page will be opened to enter theprogram.







Fig 2.12: Blank page to enter the program 

 Then entered the program that to be run theproject.
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CHAPTER 3

 

ARC WELDING 

3.1 INTRODUCTION TO ARC WELDING:Arc welding is a welding process that 

is used to join metal to metal by using electricity to create enough heat to melt metal, and the 

melted metals when cool result in a binding of the metals. It is a type of welding that uses 

a welding power supply to create an electric arc between a metal stick ("electrode") and the 

base material to melt the metals at the point of contact. Arc welders can use either direct (DC) 

or alternating (AC) current, and consumable or non-consumable electrodes. 

The welding area is usually protected by some type of shielding gas, vapor, or slag. Arc 

welding processes may be manual, semi-automatic, or fully automated.To supply the 

electrical energy necessary for arc welding processes, a number of different power supplies 

can be used. The most common classification is constant current power supplies and 

constant voltage power supplies. In arc welding, the voltage is directly related to the length of 

the arc, and the current is related to the amount of heat input. Constant current power supplies 

are most often used for manual welding processes such as gas tungsten arc welding and 

shielded metal arc welding, because they maintain a relatively constant current even as the 

voltage varies. 

 

 

 

Fig 3.1: Arc Welding 

 

3.2 SAFETY ISSUES: 

https://en.wikipedia.org/wiki/Welding
https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Welding_power_supply
https://en.wikipedia.org/wiki/Electric_arc
https://en.wikipedia.org/wiki/Electrode
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Electrode
https://en.wikipedia.org/wiki/Shielding_gas
https://en.wikipedia.org/wiki/Electrical_current
https://en.wikipedia.org/wiki/Voltage
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Welding can be a dangerous and unhealthy practice without the proper precautions; however, 

with the use of new technology and proper protection the risks of injury or death associated 

with welding can be greatly reduced. 

Heat, fire, and explosion hazard: 

Because many common welding procedures involve an open electric arc or flame, the risk of 

burns from heat and sparks is significant. To prevent them, welders wear protective 

clothing in the form of heavy leather gloves and protective long sleeve jackets to avoid 

exposure to extreme heat, flames, and sparks. The use of compressed gases and flames in 

many welding processes also pose an explosion and fire risk; some common precautions 

include limiting the amount of oxygen in the air and keeping combustible materials away 

from the workplace. 

Eye damage: 

Exposure to the brightness of the weld area leads to a condition called arc eye in 

which ultraviolet light causes inflammation of the cornea and can burn the retinas of the 

eyes. Welding goggles and helmets with dark face plates much darker than those 

in sunglasses or oxy-fuel goggles are worn to prevent this exposure. In recent years, new 

helmet models have been produced featuring a face plate which automatically self-darkens 

electronically. To protect bystanders, transparent welding curtains often surround the welding 

area. These curtains, made of a polyvinyl chloride plastic film, shield nearby workers from 

exposure to the UV light from the electric arc. 

In this project we are going to execute arc welding process by using YASKAWA 

Robot(6axis).A particular type of Software named, MOTOMAN is used to complete the arc 

welding. Humans will give different commands through teach pendant or computer to the 

robot. After sensing the instructions from the teach pendant, the robot will process the 

instructions in step wise manner and starts executing the program.Based on the 3 dimension 

coordinates it performs the arc welding process. 

3.3 ROBOT WELDING: 

Robot welding is the use of mechanized programmable tools(robots),which completely 

automate a welding process by both performing the weld and handling the part. Processes 

such as gas metal arc welding, while often automated, are not necessarily equivalent to robot 

welding, since a human operator sometimes prepares the materials to be welded.  Robot 

https://en.wikipedia.org/wiki/Spark_(fire)
https://en.wikipedia.org/wiki/Welder
https://en.wikipedia.org/wiki/Protective_clothing
https://en.wikipedia.org/wiki/Protective_clothing
https://en.wikipedia.org/wiki/Leather
https://en.wikipedia.org/wiki/Glove
https://en.wikipedia.org/wiki/Arc_eye
https://en.wikipedia.org/wiki/Ultraviolet_light
https://en.wikipedia.org/wiki/Cornea
https://en.wikipedia.org/wiki/Retina
https://en.wikipedia.org/wiki/Welding_goggles
https://en.wikipedia.org/wiki/Welding_helmet
https://en.wikipedia.org/wiki/Sunglass
https://en.wikipedia.org/wiki/Oxy-fuel_welding_and_cutting#Safety
https://en.wikipedia.org/wiki/Polyvinyl_chloride
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welding is commonly used for resistance spot welding and arc welding in high production 

applications, such as the automotive industry. 

Robot arc welding has begun growing quickly just recently, and already it commands about 

20% of industrial robot applications. The major components of arc welding robots are the 

manipulator or the mechanical unit and the controller, which acts as the robot's "brain". The 

manipulator is what makes the robot move, and the design of these systems can be 

categorized into several common types, such as SCARA and Cartesian coordinate robot, 

which use different coordinate systems to direct the arms of the machine. 

 

Fig 3.2: Robot Arc Welding 

3.4 SENSORS FOR ROBOT WELDING: 

Sensors for arc welding are devices which as a part of a fully mechanised welding equipment 

are capable to acquire information about position and, if possible, about the geometry of the 

intended weld at the work piece and to provide respective data in a suitable form for the 

control of the weld torch position and, if possible, for the arc welding process parameters. 

The quality of a weld depends, besides the weld parameters which are important for the 

welding process (e.g. voltage, current and weld speed) also mainly from the type of input of 

process energy and of the used filler material. The positioning of the torch exerts a direct 

influence on the material flow. The heat input for the melting of the component edges and the 

steady heat flow are, furthermore, directly connected with the torch guidance and exert 

substantical influence on the weld quality and on the resulting residual stresses. In fully 

mechanised and automated shielded gas welding, the inaccuracies of torch guidance, work 

https://en.wikipedia.org/wiki/Resistance_spot_welding
https://en.wikipedia.org/wiki/Arc_welding
https://en.wikipedia.org/wiki/SCARA
https://en.wikipedia.org/wiki/Cartesian_coordinate_robot
https://en.wikipedia.org/wiki/Welding_torch
https://en.wikipedia.org/wiki/Arc_welding
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Residual_stress
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piece handling, groove preparation and thermal distortion are adding to the variations of the 

edge position and edge geometry.  

3.4.1 Tactile sensors: 

Electric contact sensors for joint tracking and/or work piece measurement are representing 

one type of tactile sensors. The sensor makes electric contact with the workpiece, 

the electrically conductive workpiece is included into the measuring circuit of the sensor. The 

mechanical contact sensors belong to the second category of the tactile sensors. The 

mechanical deflection of a scanning element which makes contact with the workpiece is 

evaluated. 

 

 

Fig 3.3: Tactile Sensor 

3.4.2 Electric contact sensors: 

The electric contact sensor systems are scanning the weld start or other track points via 

contacting the work piece with parts  which have been subjected to voltage (direct voltage of 

up to 1 KV, depending on material and surface) of the welding equipment (shielding gas 

nozzle, welding electrode) This means the offline-measuring of the weld start, the part 

position or part geometry before welding. Knowing the scheduled path, a transformation of 

the track points in accordance with the measured conditions is carried out. In this case, 

corrective action is not carried out during the welding process. 

3.4.3 Thermal sensors: 

Here, the heat flow is measured with two thermo-couples which are arranged on the welding 

torch, the thermal flow is used for the side/lateral- and height control of the torch. The 

orientation of the torch towards the groove is detected via the comparison of the sensor 

https://en.wikipedia.org/wiki/Electrical_resistivity_and_conductivity
https://en.wikipedia.org/wiki/Surface_science
https://en.wikipedia.org/wiki/Electrode
https://en.wikipedia.org/wiki/Thermocouple
https://en.wikipedia.org/wiki/Heat_transfer
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temperature of the two thermo-couples. If the orientation of the torch is symmetrical, the 

difference of the radiated thermal flow equals to zero, so do the temperature differences of 

the thermo-couples. Dependent on the lateral misalignment of the torch the thermo-couples 

are subject to different heat flows, by the deformation of the arc and also by the changed 

position of the molten pool. 

 

Fig 3.4:Thermal Sensors 

ADVANTAGES OF ARC WELDING: 

 Simple Welding equipment. 

 Portable. 

 Inexpensive Power Source 

 Relatively inexpensive equipment 

 Fast and Reliable. 

DISADVANTAGES OF ARC WELDING: 

 Need high energy causing danger. 

 Low toughness of the weld. 

APPLICATIONS: 

 Fabrication of high pressure vessels. 

 Rolling mill frames. 

 Welding of sheet steel, Copper alloys, brass, bronze and aluminium. 

CHAPTER 4 

INTRODUCTION TO ROBOTICS 

4.1 What is a ROBOT?A robot can be defined as a programmable, self-controlled device 

consisting of electronic, electrical or mechanical units. 
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Fig 4.1: YASKAWA MOTOMAN Robot 

Robotic arc welding with MOTOMAN robots will increase output, reduce manufacturing 

costs whilst providing consistent high quality. It offers an ideal solution for customers with 

medium to high production who need to compete in a challenging business climate. 

i) Provide dedicated arc welding robots: 
MOTOMAN arc welding robots such as the MA1400 and MA1900 have been specifically 

developed for welding applications. The robots provide additional benefits that will increase 

reliability and uptime. The upper arm guides the hose bundle through the center, which 

reduces interference with the work piece and fixture and reduces maintenance. 

ii)Optimised performance: 
For optimised performance multiple robots are controlled from the DX100 robot controller. 

This provides superior path accuracy and unmatched ability for synchronous control of eight 

robots (up to 72 axes in total including external axes). This also makes it possible to consider 

jigless welding which offers some unique advantages for welding complex work pieces and 

subsequent handling operations reducing fixture costs. 

iii) MOTOMAN positioners are the ideal match for MOTOMAN robots: 

We provide an extensive range of servo controlled positioners, tracks and gantry systems that 

are fully integrated with the robot’s DX100 control system. Gantry systems offer a reliable 

solution for welding very large assemblies such as excavators, containers, etc where only an 

inverted robot has the required reach. 

4.2 CHARACTERISTICS OF INDUSTRIAL ROBOTS 

 Sensing: The robot should be able to sense its surroundings and that is only possible 

with the help of sensors. 

Types of sensors : 

Light sensors (eye), touch sensors(hands), hearing sensors(ears) or    chemical sensors(nose) 
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 Movement: A robot needs to able to move around its environment whether by rolling 

on wheels, walking , snaking or skating. 

 Energy: A robot needs to be able to power itself which depends upon its power 

resources e.g. batteries, power generators or fuels. 

 Intelligence: A robot needs to be intelligent and smart which is only possible by the 

programmer person. 

 

 

 

Fig: 4.2 Structure of 6 axes industrial robot 

4.3 DESCRIPTION OF EACH COMPONENT 

Manipulator: 

In robotics, a manipulator is a device used to manipulate materials without direct physical 

contact by the operator. The applications were originally for dealing 

with radioactive or biohazardous materials, using robotic arms, or they were used in 

inaccessible places. In more recent developments they have been used in diverse range of 

applications including welding automation robotic surgery and in space. It is an arm-like 

mechanism that consists of a series of segments, usually sliding or jointed called cross-

slides which grasp and move objects with a number of degrees of freedom. 

Additionally, manipulator tooling gives the lift assist the ability to pitch, roll, or spin the part 

for appropriate placement. An example would be removing a part from a press in the 

horizontal and then pitching it up for vertical placement in a rack or rolling a part over for 

exposing the back of the part. 

https://en.wikipedia.org/wiki/Robotics
https://en.wikipedia.org/wiki/Operator_(profession)
https://en.wikipedia.org/wiki/Ionizing_radiation
https://en.wikipedia.org/wiki/Biohazard
https://en.wikipedia.org/wiki/Robotic_arm
https://en.wikipedia.org/wiki/Welding
https://en.wikipedia.org/wiki/Robotic_surgery
https://en.wikipedia.org/wiki/Robotic_arm
https://en.wikipedia.org/wiki/Degrees_of_freedom_(mechanics)
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Fig 4.3:Manipulator 

Programming Pendant: 

A control box for programming the motions of a robot. Also called a "teach box," the robot is 

set to "learning" or "teach" mode, and the pendant is used to control the robot step by step. 

Teach pendants are typically handheld devices and may be wired or wireless.Teach pendants 

are a specific type of industrial pendant. They are devices equipped with switches and dials 

used to control a robot's movements to and from desired points within a determined space. 

Teach pendants are used for motion control of automated or robotic machinery in 

manufacturing, processing, and medical applications. New software applications are available 

to enable mobile devices such as personal digital assistants (PDA) to function as teach 

pendants. Teach pendants are designed to control the robot through a teach-and-repeat 

technique, where the operator uses the teach pendant to program the robot for a specific task, 

range of motion, or speed. The operator uses the controls on the robot pendant to provide the 

robot with information about speed, delay times, and execution of specific functions as well 

as to define the robot’s physical relationship with the other machinery that may be involved 

in the process. 

Controller: 

A controller is a device which takes one or more inputs and adjusts its outputs so a connected 

device functions in a controlled manner. 

The DX-series is the most powerful standard robot controller on the market. The core 

software for process applications has been proven with over 30 years in manufacturing. 

DX200 also supports world-leading functional safety that is required for collaborative 

application development and certification.  The core software for process applications has 

been proven with over 30 years in manufacturing plants around the world. All applications 

ranging from handling to painting, welding, etc. are supported by this robot control platform. 
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Fig 4.4: DX200 YASKAWA Robot Controller 

AC Servo Motor: 

A servomotor is a rotary actuator or linear actuator that allows for precise control of angular 

or linear position, velocity and acceleration.It consists of a suitable motor coupled to a sensor 

for position feedback. It also requires a relatively sophisticated controller, often a dedicated 

module designed specifically for use with servomotors. 

AC servo motors are basically two-phase squirrel cage induction motors and are used for low 

power applications. Nowadays, three phase squirrel cage induction motors have been 

modified such that they can be used in high power servo systems. 

The main difference between a standard split-phase induction motor and AC motor is that the 

squirrel cage rotor of a servo motor has made with thinner conducting bars, so that the motor 

resistance is higher. 

 

TFFBBBF  

Fig 4.5: AC Servo Motor 

Gripper:  A gripper is something that grips things or makes it easier to grip things. It may   

refer to: 

 grippers, tools for building hand strength 

https://en.wikipedia.org/wiki/Rotary_actuator
https://en.wikipedia.org/wiki/Linear_actuator
https://en.wikipedia.org/wiki/Grippers
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 a Robot end effector, the "hand" of a robot. 

 

Fig 4.6: Gripper 

 

 

Fig 4.7: Block Diagram representing structure of industrial robot 

4.4 Joint Movement: 

Axis 1: 
This axis, located at the robot base, allows the robot to rotate from left to right. This sweeping 

motion extends the work area to include the area on either side and behind the arm. This axis 

allows the robot to spin up to a full 180 degree range from the center point. This axis is also 

known as the Motoman: S. 

Axis 2: 

This axis allows the lower arm of the robot to extend forward and backward. It is the axis 

powering the movement of the entire lower arm. This axis is also known as the Motoman:L. 

Axis 3: 

The axis extends the robot's vertical reach. It allows the upper arm to raise and lower. On 

some articulated models, it allows the upper arm to reach behind the body, further expanding 

https://en.wikipedia.org/wiki/Robot_end_effector
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the work envelope. This axis gives the upper arm the better part access. This axis is also 

known as the Motoman: U 

Axis 4: 

Working in conjunction with the axis 5, this axis aids in the positioning of the end effector 

and manipulation of the part. Known as the wrist roll, it rotates the upper arm in a circular 

motion moving parts between horizontal to vertical orientations. This axis is also known as 

the Motoman: R 

Axis 5: 

This axis allows the wrist of the robot arm to tilt up and down. This axis is responsible for the 

pitch and yaw motion. The pitch, or bend, motion is up and down, much like opening and 

closing a box lid. Yaw moves left and right, like a door on hinges. This axis is also known as 

the Motoman: B  

Axis 6: 

This is the wrist of the robot arm. It is responsible for a twisting motion, allowing it to rotate 

freely in a circular motion, both to position end effectors and to manipulate parts. It is usually 

capable of more than a 360 degree rotation in either a clockwise or counterclockwise 

direction. This axis is also known as the Motoman: T  

 

Fig 4.8: Joint Movement of Six Axis Robot 

 CHAPTER 5  

MOTOMAN SOFTWARE 

5.1 Introduction 

YaskawaMotoman produces robotic automation for industry and robotic applications 

including arc welding, assembly, coating,material cutting , material handling, materials 

removal, and spot welding. 
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Fig 5.1: Motoman Software using PLC 

Yaskawa  providesMotoSim EG and MotoSim EG-VRC for building and simulating the  

robot cell. In addition, if we need to ensure select the proper robot based upon load ratings 

and payload, let MotoSize determine the proper robot model. It currently contains packages 

that provide nodes for communication with Motoman industrial robot controllers (DX100, 

FS100, DX200, and YRC1000) for various robot arms. 

MotoSim EG-VRC: 

MotoSim EG-VRC (Enhanced Graphics Virtual Robot Controller) is designed for 

accurate offline programming of complex systems.  

MotoSim EG: 

MotoSim EG (Motoman Simulator Enhanced Graphics) is a comprehensive software package 

that provides accurate 3D simulation of robot cells. This powerful simulation software can be 

used to optimize robot and equipment placement, It also provides accurate offline 

programming of complex systems. 

5.2Robot Programming: 

5 Ways to Program a robot: 

Programming Pendant Motion: 

The most common type of programming, the teach method, is used to program nearly 90% of 

industrial robots used in production today. This form of programming uses a teach pendant to 

drive the robot and its peripherals to desired locations. 

https://www.motoman.com/getmedia/1a8d2777-8566-4fab-b31e-021ee7564350/motosize.pdf.aspx
https://www.ppma.co.uk/bara/automation-explained/robots/robot-programming-methods.html
https://www.ppma.co.uk/bara/automation-explained/robots/robot-programming-methods.html
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Joint-Based Motion: 

The default coordinate system upon power up with Yaskawa industrial robots, joint-based 

motion directly rotates the robot’s servo motors or machine axis positions. With Yaskawa 

robots, each joint is represented by the letters S (swing), L (lower), U (upper), R (rotate), B 

(bend), and T (twist). Highly-flexible robots, like the Yaskawa VS100, VA1400 II, SP100B 

or GP110B, have an additional 7th axis, which is represented by the letter E (elbow). 

Robot Base X, Y, Z: 

In this form of robot control, a robot’s Tool Center Point (the physical location in space of an 

easily defined point relative to the tool flange) automatically calculates the exact amount to 

rotate each joint to allow a user to move the robot relative to the X, Y, Z coordinate system. 

This system is based on the “right hand rule” – which involves the programmer knowing his 

or her orientation to the robot relative to the frame of operation – and uses the base of the 

robot as the origin for each axis. Keep in mind that the sign (+ or -) indicates the point’s 

direction along each axis, and that two varying points will never have the same coordinates. 

In addition, this motion allows for rotation about each axis which is designated as Rx, Ry or 

Rz depending on the axis. 

 

Fig 5.2: Robot Control using X,Y,Z Coordinates 

 

 Tool Frame X, Y, Z: 

 

Fig 5.3: Robot Control using Tool Coordinates 
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Ideal for welding, cutting, painting and gluing applications, this coordinate system is unique 

to the end-effector or active TCP of a robot, and it moves relative to that tool’s programmed 

X, Y, Z axis. 

User frame X,Y,Z: 

This coordinate system is any reference point that a user has defined for a given application 

and allows for positions to be reused efficiently. When working with 

pallets, a user could teach a position relative to the user coordinate system attached to the 

pallet, before easily transferring to another pallet in a different location. This is also useful 

when a robot uses a camera to locate a part because the robot can pick up multiple parts in 

different locations, using the same programmed motion relative to the part’s user frame. 

 

User coordinates are defined by three points that have been taught. For Yaskawa robots, these 

three defining points are ORG (origin position), XX (a point on the X-axis) and XY (a point 

on the Y-axis). Note: the directions of the Y- and Z-axes are automatically calculated based 

on which side of the X-axis the XY point is taught. 

 

Fig 5.4: User Frame X,Y,Z 

 5.3 Working of YASKAWA robot 

Working of MH 180-120mm  Instruction: 

Ideal for processing large parts. In many cell layouts, a long/extended reach robot can 

eliminate the need for an external track, reducing system cost and simplifying 

programming. Powerful six-axis handling robot features high-rigidity speed reducers and 

high-speed motion which reduce cycle times. High payload and increased moment and inertia 

ratings allows this robot to handle larger and heavier payloads. 
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Fig 5.5 MH180-120 Specifications 

Modes of Operation of Robot: 

1.Teach  mode: The teach mode gives the instructions to teach the robot how to move and 

how to jog. To teach the robot, the teach pendant is used to give instructions to the robot 

 

Fig 5.6:Teach Pendant 

2.Play Mode: In play  mode, we can move the robot based on the given instructions in the 

teach mode.The robot can move in the direction given by the user.It can move in any 

direction based on the precision and accuracy. 

3.Remote mode: In this mode, we can control the robot based on the instructions given in 

the play mode.We can control the robot not to exceed the given instructions. 

5.3 Types of Robot Interpolation: 

Interpolation type determines the path along which the manipulator moves between play 

back. 

Types: 
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1.MOVJ(joint interpolation): The use of this movement allows the manipulator to reach an 

end position, with independent joint movements. This does not ensure a linear trajectorys 

between the initial and final points that is to say the end effector moves from one point to 

another by a random path. 

 

Fig 5.7.1:Joint Interpolation 

2. MOVC (CIRCULAR INTERPOLATION): 

Three linearly independent points are indispensable to do this movement. The first is the 

value of  X,Y,Z of the Cartesian plane where the end effector is located, the second is the 

destination point, and the third belongs to the via point. That last one, in addition to helping 

in defining the path where the end effector should slide, defines the plane where it is going to 

work, as shown in Figure. 

 

Fig 5.7.2: Circular interpolation 
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3. MOVL (LINEAR INTERPOLATION): 

The manipulator moves in a linear path from one taught step to the next. When the linear 

interpolation is used to teach a robot axis, the move instruction is MOVL. Linear 

interpolation is used for work such as welding. The manipulator moves automatically 

changing the Wrist position as shown in the figure below. 

 
Fig 5.7.3: Linear interpolation 

 
4.MOVS(SPLINE INTERPOLATION): 

When performing operations such as welding, cutting, and applying primer, using the spline 

interpolation makes teaching for workpieces with irregular shapes easier. The path of motion 

is a parabola passing through three points. When spline interpolation is used for Teaching a 

robot axis, the move instruction is MOVS.  
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Fig 5.7.4: Spline interpolation 

 

 

5.4 Robot Control Systems: 

Joint movements must be controlled if the robot is to perform as desired. Microprocessor-

based controllers are regularly used to perform this control action. Typically the controller is 

organised in a hierarchical fashion, as illustrated in Figure 6.4, so that each joint can feed 

back control data individually, with an overarching supervisory controller co-ordinating the 

combined actuations of the joints according to the sequence of the robot programme.  

 



 

 

37 

 

Fig 5.8: Hierarchical control structure 

Joints and Links in Industrial Robots: 

The manipulator of an industrial robot consists of a series of joints and links. 

• Robot anatomy deals with the study of different joints and links and other aspects of the 

manipulator's physical construction. 

• A robotic joint provides relative motion between two links of the robot.  

• Each joint, or axis, provides a certain degree-of-freedom (DOF) of motion.  

• In most of the cases, only one degree-of-freedom is associated with each joint.  

• Robot's complexity can be classified according to the total number of degrees -of-freedom 

they possess.  

• Each joint is connected to two links, an input link and an output link. 

• A Joint provides controlled relative movement between the input link and output link. A 

robotic link is the rigid component of the robot manipulator. 

• Most of the robots are mounted upon a stationary base, such as the floor. From this base, a 

joint-link numbering scheme may be recognized as shown in Figure. The robotic base and its 

connection to the first joint are termed as link-0.  

 • The first joint in the sequence is joint-1 . 

 • Link-0 is the input link for joint-1, while the output link from joint-1 is link-1 which leads 

to joint-2 . 

• Link 1 is the output link for joint-1 and the input link for joint-2.  

• This joint-link-numbering scheme is further followed for all joints and links in the robotic 

systems. 

 

 

Fig 5.9: Joints and Links of Industrial Robots 
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a) Linear joint (type L joint) :The relative movement between the input link and the 

output link is a translational sliding motion, with the axes of the two links being 

parallel. 

 

b) Orthogonal joint (type U joint) : This also has a translational sliding motion, but the                  

input and output links are perpendicular to each other during the move. 

 

c) Rotational joint (type R joint):This type provides rotational relative motion, with the 

axis of rotation perpendicular to the axes of the input and output links. 

 

(d)Twisting joint (type T joint): This joint also involves rotary motion, but the axis or rotation 

is parallel to the axes of the two links 

      (e)Revolving joint (type V-joint, V from the “v” in revolving) : In this type, axis of input 

link is parallel to the axis of rotation of the joint. Axis of the output link is perpendicular to 

the axis of rotation. 

 

Fig 5.10:Different types of joints in industrial robots 

5.5 MOTOMAN Specifications: 

 Maximum pay load                         :900kg 

 Maximum Vertical Reach               :6209mm 

 Maximum Horizontal Reach           :4683mm 

 Maximum axis                                :15 axis 

 Maximum mass                               :9550kg 

ROBOT Parameters: 

 Degrees of Freedom:  This is usually same as the number of axis. 

 Working  envelope  :  The region of space a robot can reach. 
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 Pay load                   :  How much weight a  robot can lift. 

 Speed                       :  How fast the robot can position the end of its arm. 

 Acceleration             :  How quickly an axis can accelerate. 

 Accuracy                  :  How to closely a robot can reach a commanded                                                                                                                              

Position. 

 Repeatability            :  How well the robot will return to a programmed position. 

 Distance                   :   Measure of the amount in angle or distance that a robot axis 

will move when a force is applied to it. 

 Kinematics               :  The actual arrangement of rigid members and 

joint in the robot. 

5.6 Working Procedure for performing arc welding using  Robotic 

Simulation Software: 

Note :All the options are present in the program files which is located in local disk C and this 

can be appeared after motoman software is installed in system. 

STEP 1: Open MotoSim EG 2017 Simulation software. 

STEP 2: For creating a new file, go to new option and take a file, it will be                             

named as arc welding and expand the model tree. 

STEP 3:Pick and add a 6 axis robot  

 Go to 

 Select DX 200  

 Then go to MH family. 

 Then take MH 12-A00. 

 Go to ALL.PRM files and click OK. 

 After expanding  model tree then go to YEC Models which is located in program 

files. 

STEP 4: for attaching the torch to robot so, we go to model tree and then find 6 axis robot cad 

tree click that file and then attach the torch[15mm 3950.PML] on to the robot gripper. Here 

torch is used for welding purpose  and  click ‘yes’. 

STEP 5: For welding purpose select MDL.SEE.HIBANA 

STEP 6: By proper arranging the HIBANA insert the hibana to torch. 

STEP 7:  Insert the conveyor same as the above process as how to add robot on          work 

place.Pick and place a test object on the conveyor for welding purpose . 

STEP 8: Move the object to centre of the conveyor in order to complete the weld.  
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STEP 9:By proper arranging all the coordinates[S,L,U,R,B,T] in the robot and adjusted the 

end effector to proper point of the test object. And add the point in teach pendant. 

STEP 10: Repeat the step 9 for teach the all points of test object and add each point in the test 

object.  

For add the hibana syntax is as follows: 

For appearing hibana: 

‘ MDL SEE HIBANA 

For disappearing hibana: 

 ‘MDL HID HIBANA 

STEP 11: Simulate and run the program . 

CHAPTER 6 

SOFTWARE SECTION 

 

Fig 6.1: INFORM III (language for simulating Yaskawa robot) 

 

Fig 6.2 INFORM III Language for different movements 
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Fig 6.3 Arc welding using Teach Pendant 

CHAPTER 7 

7.1 RESULTS 

 

Fig: Image showing  the test object at the starting position 

 

Fig: Image showing the test object at the center position 
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Fig: Image showing the test object to be weld by the robot at second position 

 

Fig: Image showing the object to be weld by the robot at third position 

 

Fig: Image showing the object ready to weld 
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Fig: Image showing the completion of arc weldings 

 Arc welding is completed. 

7.2   CONCLUSION 

Finally by using this project, we are going to conclude that arc welding should      be done 

with the help of YASKAWA robot without the human effort. By doing like this we are going 

to reduce the  man power, thereby saving the time and we will get complete efficiency. 

7.3 FUTURE SCOPE: In future it is going to estimate the increased number of 

productivity  andreduced human effort by increased use of this kind of robots in production, 

automation  and large scale industries. 
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PROJECT PROFORMA 

 

 

Classification ofProject 

 

Application Product Research Review 

     

Note: Tick Appropriate category.  

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

SSOutcome3 Analyze critically. 

Outcome 4 Identify and solve problems. 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1     3         2 

Outcome 2         3      

Outcome 3  2            3 

Outcome 4  3  2           

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based 

on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 

 

ProgrammeOutcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     

and design system components or processes that meet the specified needs with appropriate  

consideration for public health and safety, and cultural, societal, and environmental  

considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

research methods including design of experiments, analysis and interpretation of data,  

and synthesis of t h e information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

assess societal, health, safety, legal, and cultural issues and the consequent  

responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  

solutions in societal and environmental contexts, and  demonstrate the knowledge of,  
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and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or  

leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

engineering community and with the society at large, such as, being able to  

comprehend and write effective reports and design documentation, make effective  

presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

engineering and management principles and apply these to one’s own work, as a  

member and leader in a team, to manage projects and in multidisciplinary  

environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

engage in independent and life-long learning in the broadest context of technological  

change. 

 

Programme Specific Outcomes(PSO): 

 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

 

2. Analyze, design and develop control systems, industrial drives and power systems 

using modern tools. 
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ABSTRACT 
 

This project proposes the design of a coreless induction heater test           

bench to melt metals like Aluminum, etc… which is represented by a            

transformer with N primary turns and one short circuited secondary          

turn. The mechanical parameters of the heater along with the          

thermal parameters of the charge material, determined by the         

desired heater capacity, provide the required melting power.  

The coreless induction heater is chiefly used for         

melting of steel and other ferrous metals. The capacities vary          

according to its limit. The induction heating gives uniform heating. It           

is eco-friendly and harmless. Now-a-days these type of heaters are          

widely used in industries and construction areas. Besides,        

core-induction heating we prefer coreless induction heating due to         

its loss less capability. 
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INTRODUCTION 
 

Induction heating is a process which is used to bond, harden or soften          

metals or other conductive materials. For many modern manufacturing         

processes, induction heating offers an attractive combination of speed,       

consistency and control. The working principle of the induction heating process       

is a combined recipe of Electromagnetic induction and Joule heating. Induction       

heating process is the non-contact process of heating an electrically conductive        

metal by generating eddy currents within the metal, using         

electromagnetic induction principle. The electric induction furnace is a type of        

melting furnace that uses electric currents to melt metal. Induction furnaces       

are ideal for melting and alloying a wide variety of metals with minimum melt              

losses, however, little refining of the metal is possible. 

 

 
 



CIRCUIT  DIAGRAM : 

 

 
 

 

 

 

 

 

 

 
 



 COMPONENTS :  
 

1. PCB’s (Printed Circuit Board) 

2. Resistors 

3. Diodes 

4. MOSFET’s 

5. Capacitors 

6. Inductors 

7. Cooling Fan 

8. XT60 Connectors 

9. Copper Pipe (Induction Coil) 

 

1) PCB’s :  
PCB’s are known as printed circuit boards. A PCB is a thin board made of               

fiberglass, conductive path ways are etched or “printed” onto board ,           
connecting different components on the PCB, such as transistors,         
resistors, and integrated circuits. It is generally made from four layers of            
material which are bonded together by heat, pressure and other methods.           
Four layers of a PCB are made of the substrate, copper, solder mask, and              
silkscreen. It is used to mechanically support and electrically connect          
electronic components using conductive path ways, tracks or signal traces          
etched from copper sheets laminated onto a non-conductive substrate. 

 

 
 



2)  Resistors  : 

.A resistor is a passive two terminal electrical component that implements           
electrical resistance as a circuit element. In electronic circuits, resistors are           
used to reduce current flow, adjust signal levels, to divide voltages, bias            
active elements , and terminate transmission lines, among other uses. 

 

 

 

 

3) Diodes   :  

 

A diode is defined as a two terminal electronic component that           
only conducts current in one direction (so long as it is operated            
within a specified voltage level). An ideal diode will have zero           
resistance in one direction, and infinite resistance in the reverse          
direction. Diodes can be used as rectifiers, signal limiters, voltage          
regulators, switches, signal modulators. 

 
 



 

 

4) Mosfet’s : 

The metal-oxide-semiconductor field-effect transistor, also known as the        
metal-oxide-silicon transistor, is a type of insulated-gate field-effect        
transistor that is fabricated by the controlled oxidation of a semiconductor,           
typically silicon. 

 

 

5) Capacitors   :  

.A capacitor is a device that stores electrical energy in an electric field. It is a                
passive electronic component with two terminals. The effect of a capacitor is            
known as capacitance. The insulating layer between capacitors plates is          
commonly called as the Dielectric. The standard unit of a capacitance is the             
farad.  

 
 



 

6) Inductors   : 

An inductor also called a coil, choke, or reactor, is a passive two-terminal 
electrical component that stores energy in a magnetic field when electric 
current flows through it. An inductor typically typically consists of an 
insulated wire wound into a coil around a core. 

 

 

7) Cooling Fan :- 

A computer fan is any fan inside, or attached to a computer case used for 
active cooling. Fans are used to draw cooler air into the case from the outside 
, expel warm inside and move air across a heat sink to cool a particular 
component. 

 
 



 

 

8) XT60 Connectors:- 

These high-current XT60 connectors commonly used in the RC hobby 
industry. They are sold as matching male-female pairs and are great for 
projects that involve bigger motors and controllers, such as our high-power 
motor drivers and simple motor controllers.  

 

 

 

 

 
 



9)  Copper pipe(Induction coil):- 

Induction coils are normally made of copper tubing- an extremely good 
conductor of heat and electricity-larger copper coil assemblies are made for 
applications such as strip metal heating and pipe heating. This relationship is 
referred to as the coupling efficiency of the coil. 

 

 

Procedure   : 

By using PCB all the components are connected in the board with the help of               
soldiering in the following way. PCB connectors are used as input to the             
circuit. Two 220 ohm resistors are soldered across the inputs. Two 10 k ohm              
resistors are connected in parallel to those 220 ohm resistors. Two UF4007            
diodes is soldiering in series with the resistors in order to regulate or control              
the voltage in the circuit. Two 5V Zener diodes are used for break down              
process.  

Four IRF540 mosfet’s are used for the switching         
process. They are attached to the harmonium heat sinks to ensure heat            
dissipation and to make sure that larger amount of current are handled easily             
by using pairs for each channel. Capacitors used are of 1000 volt AC and              
0.33 micro farad and both of them are soldered in parallel in order to have a                
capacity of nearly 0.66 microfarad. The inductors are made using ferrite core            
and are winded with 1.2 mm insulated copper wire and given 30 turns which              
is subjected to produce an induction of nearly hundred micro Henry. 

 
 



 

 

Now mount the induction coil to the PCB by using ins from XT60              
connector in order to maintain the main coil mounted firmly to the PCB.             
Later some silver-coated copper wire attached to the connectors. The          
induction coil for this heater is made out of 5 mm diameter copper pipe that               
is usually used in refrigerator compressors and it is bounded the coil using             
cardboard roll measuring nearly an inch in diameter and given 8 runs in total.              
A 12 volt DC cooling fan is used for the cool down of Mosfet’s.  

 

Working   : 
By giving supply to the heater heat is produced uniformly to the heating             
element.  

The heat produced is localized and uniform. 

This heat is produced by the principle of mutual induction. 

In this primary side is copper coil and secondary is charge. 

So, it helps in the reduction of losses. 

  

 
 



 

                             APPLICATIONS 

 

1. Melting 

2. Forging & Forming 

3. Heat Treatment 

4. Welding 

5. Brazing & Soldering 

6. Shrink-fitting 

7. Bonding 

8. Inductively Coupled Plasma 

9. Crystal Growth 

 

 

 

 

 

 

 

 

 

 
 



 

 

REASONS AND ADVANTAGES 

 

As electric furnaces that use electricity as heat energy, they can be            
divided into two categories, one is an electric arc furnace, which is            
used to generate heat by arc to melt scrap steel, and the other is an               
induction electric furnace, which generates heat by electromagnetic        
induction to melt scrap steel, especially in medium frequency         
induction. Electric furnace is representative. 

The induction heating gives uniform heating. It is eco-friendly and          
harmless. Now-a-days these type of heaters are widely used in          
industries and construction areas. Besides, core-induction heating       
we prefer coreless induction heating due to its loss less capability.           
By using this type of heating, we can save our time and also it              
helps in increase of economy. 

 

 

 

 

 

 

 

 

 
 



 

 
 

CONCLUSION 

 

Hence, Induction heating gives uniform heating. It is eco-friendly and harmless.           
Now-a-days these type of heaters are widely used in industries and construction            
areas. Besides, core-induction heating we prefer coreless induction heating due          
to its loss less capability. By using this type of heating, we can save our time                
and also it helps in increase of economy.  

This project proposes the design of a coreless induction          
heater test bench to melt metals like Aluminum, etc… which is represented by a              
transformer with N primary turns and one short circuited secondary turn. The            
mechanical parameters of the heater along with the thermal parameters of the            
charge material, determined by the desired heater capacity, provide the required           
melting power.  

The coreless induction heater is chiefly used for melting of steel            
and other ferrous metals. The capacities vary according to its limit. The            
induction heating gives uniform heating. It is eco-friendly and harmless.          
Now-a-days these type of heaters are widely used in industries and construction            
areas. Besides, core-induction heating we prefer coreless induction heating due          
to its loss less capability. 
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6 
 

 

 

 

ABSTARCT 

E-VEHICLE 
 

 If we want to reduce the graph of carbon footprints of present and future generations, 

we need to move towards generation and harvesting of clean Energy systems. The prediction 

made by different environment societies and agencies warned about the huge scarcity of 

conventional and natural fuel resources which paved path for investigations leading alternate 

energy generation and utilization methodologies. One such options is to turn the focus 

towards the non-conventional energy sources, and their applications to fields like 

decentralized generation schemes, energy harvesting methods, storage systems and other 

applications like Electric vehicles etc.  

 Our focus is aimed on one such application of using the clean energy and developing 

the low cost transportation systems in the form of e-vehicle and also provide a solution to 

overcome scarcity in charging stations which require a lot of money and time for 

establishment, and to surmount the time lags and delays caused due to charging. The project 

involves the integration of wind and PV cells along with battery storage to provide 

appropriate power to the electro-mechanical system which drive the e-vehicle at  required 

speed and travelling convenience.  

 Often times when e-vehicles are attached with a PV cells (PVC), a single solar panel 

or even an array of panels can result in wasted power. Thus, in order to achieve the desired 

power level, one would need to implement more panels or having a controller that can 

implement the Maximum Power Point Tracking (MPPT) algorithm allows for reduced cost of 

equipment while harvesting power in the most optimal manner. To be able to continuously 

observe where the maximum power is, we are implementing a perturb and observe (P&O) 
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algorithm. As the power  level of the PVC is intermittent in nature, other alternate energy 

generation scheme is needed to continuously supply the required power during the 

absence/presence of generation by PVC. In this project one such alternative is chosen as 

wind-power generation system, which may be integrated with the PVC to provide the 

continuous power to the drive system.  

 

 The project will implement the concept of integrations and the relevant simulation 

and hardware systems to try at our best to bring the e-vehicle to reality. 

 



1 
 

 

 

 

 

CHAPTER – 1: INTRODUCTION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 

INTRODUCTION 

From the beginning of the industrial revolution, the rate of energy consumption has 

increased at an alarming rate due to the synergistic effect of individual energy 

consumption and population. This situation can be overcome with mass production of the 

photovoltaic (PV) cell which uses solar energy with low fluctuation converted into 

electrical energy. The electrical energy is obtained by converting the Sun’s energy by the 

photovoltaic (PV) cell. By using this method, solar vehicles can be run which reduce the 

pressure on the energy sector as well as help to make the environment green. Although it 

is not a popular vehicle, but for reducing CO2 emission and to make the environment 

pollutant free, energy systems will require a large share of renewable energies, such as 

solar photovoltaic power, which is used in the tricycle here [1]. 

The motive force to a shaft by an electric motor which is run by solar energy after some 

important conversion in electric vehicles instead of an internal combustion engine which 

is environmental pollution free is the basic working principle of a solar assisted tricycle. 

The electricity produced by photovoltaic (PV) cells using sunlight powers the electric 

motor directly for driving of solar-powered vehicles (SPVs). During sun shining the 

electricity is produced by PV cells otherwise, the vehicles use consuming energy in its 

batteries. There are different types of tricycles which can be classified as paddle tricycle, 

motorized tricycle, and electric tricycle. Paddle tricycle requires a lot of energy to paddle 

the tricycle which makes the user tired. Concentrate [if the user is a student] on the lesson 

become very tough when they reach their educational institution after peddling a paddle 

tricycle. Next, the motorized tricycle is powered by fuel but which is costly. Besides that, 

this tricycle will produce a bad impact on our environment by warming the earth. Lastly, 

the electric tricycle is based on the battery is run by using solar energy [2]. For dreaming 

a healthy city, the electric tricy- cle is the best among three cycles. They emit fewer 

fumes, offer the city dwellers to work without being sweaty and getting a car without 

waste. Here, in the below Table 1 a list of solar powered vehicles which are constructed 

in different areas of the world with its construction cost, year, places and features are 

shown 
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Table 1 List of solar powered vehicles constructed in different 

places: 

Year Construction area Features Cost ($) References 

1955 General Motors 

Powerama 

It consists of 15-inch “Sunmobile”, but due to its 

small size, the Sunmobile could not be driven by 

a human. 

 

410 

 

[3] 

 

2008 

Woodbridge 

Elementary 

School in 

California 

The solar-powered tricycle was simulated, which 

was energized by a 600-watt motor and speeds of 

up to 17mph. 

 

500 

 

[4] 

 

2009 

Woodbridge 

Elementary 

School in 

California 

A solar powered vehicle was constructed having 

a 100W solar panel, 750 W DC motor, battery, 

and controller. 

 

540 

 

[5] 

 

2010 

ChristuJyothi 

Institute of 

Technology & 

Science (CJITS), 

Jangaon 

A new innovation of a solar tricycle had invented 

which was made with a 40W solar panel, motor, 

and mechanical gears. 

 

500 

 

[6] 

 

2011 

University of 

Engineering 

and 

Technology, 

Lahore in 

Pakistan 

An electric reverse tricycle (two wheels at the 

front and one at the back) for one person was 

invented which is powered by solar energy. 

 

600 

 

[7] 

 

 

 

 

India 

A hybrid solar car was introduced which consists 

of internal combustion  engine (ICE) and solar 

panel, electric motor powered by storing battery 

system energized by a solarpanel. 

 

1000 

 

[8] 
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2012  

India 

A study about the design and feasibility of solar 

powered bicycle had given where the 250W 

motor and 2 solar panels of 20W were used and 

maximum speed 25 km/h was found. 

 

800 

 

[9] 

 

2013 

 

A group of PEC 

mechanical engineers 

Three batteries and a 250 watt motor inside the 

vehicle was used. The motor, which weighs 

approximately 5kg, gets its power from solar 

energy. This vehicle can reach speeds up to 

15kmph. 

 

700 

 

[10] 

 

 

 

 

 

2014 

 

India 

A vehicle consists of 850 W motor, 4 batteries and 

4 solar panels of 100W and the average speed was 

15-20 km/h was made. 

 

1500 

 

[11] 

 

India 

A solar tricycle, especially for a handicapped 

person, was constructed by a 250-watt motor, the 

three-wheeler can reach speeds of up to 33 km/h 

and load carrying capacity are 90 kg. 

 

950 

 

[12] 

 

Group Name: “Team 

Solar Pedal” 

A solar powered vehicle was constructed where 

850 W motor, 4 batteries and 4 solar panels of 

100W was used. Its average speed was 15-20 km/h. 

 

1100 

 

[13] 

 

Pakistan 

A scooter made of 350 W DC hub motor and 4 

solar cells for charging the 48V/20AH battery was 

invented. 

 

650 

 

[14] 

 

 

 

 

2015 

 

 

 

 

India 

A simulated model for charging plug-in electric 

vehicles from a common solar panel had 

introduced. 

 

700 

 

[15] 

A solar power assisted tricycle had evaluated 

which consists of 300 W motor, 2 batteries of 12V, 

20 W solar panel and the maximum speed of a 

plain flat road with zero slopes without pedaling 

was 9 km/h. 

 

900 

 

[16] 
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A solar power tricycle had invented on the 

basis of the 75W solar panel and 250W DC 

motor which load capacity is 90 kg and highest 

speed is 15 km/h. 

 

650 

 

[17, 18] 

 

Beside all of this, a prototype hybrid solar vehicle hasdeveloped to do several 

experimental activities. [19]. Also, a discussion about the environmental issues of solar 

power assisted vehicle over conventional IC engine has performed[20]. 

     Themainconcernofthistricycleistoimproveefficiency and lowering costs so that it 

can be feasible to all. The CO2 emission has increased from 12 billion metric tons to 32 

billion metric tons from 1965 to 2010 A.D [21]. The rate of emission of CO2 is an 

indication of global warming. So, this will beenvironmental pollution frees too. The cost 

of recently invented solar vehicle is varies between 600$-4000$. To reduce the cost of the 

solar vehicle is another challenge. The cost of this vehicle is targeted to reduce around 

250$-300$. Most of the solar vehiclehasbeenmadeforoneperson.Here,asolartri-cyclecan 

carry two people. Here the target was to design and construct a lightweight tricycletoo. 

 

1.1 PRESENT SCENARIO OF ELECTRIC VEHICLE SYSTEM 

The history of electric vehicles may date over a hundred years, but the technological 

improvement is still going on. Inventors continue to develop new patents for the electric 

vehicle, improving on the original idea more and more. There are millions of electric 

bicycles sold in the USA and the numbers only continue to grow. 

 

Some of the latest inventions that have improved the technology include: 

 

 Torque sensors 

 Powercontrols 

 Advancedbatteries 

 Better hubmotors 
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1.2 REVIEW OF RESEARCH ANDDEVELOPMENT 

1.2.1 INTERNATIONALSTATUS: 

The Yuneec International ETrike is a Chinese electric ultra light trike that was designed 

and produced by Yuneec International of Kunshan, Jiangsu. The aircraft was originally 

intended to be supplied complete and ready-to-fly, but does not seem to have progressed 

beyond a few prototypes. By 2013 the E-Trike was not offered for sale by either Yuneec 

International or its North American licensee, Green. 

1.2.2 DESIGN AND DESCRIPTION: 

The E-Trike airframe is based upon the Avio Delta Thruster and designed to comply with 

the American FAR 103 Ultra-light Vehicles rules, including the category's maximum 

empty weight of 254 lb. (115 kg). It features a cable-braced hang glider-style high-wing, 

weight-shift controls, a single-seat open cockpit without a cockpit fairing, tricycle landing 

gear and a single electric motor in pusher configuration.  

The aircraft is made from bolted-together aluminum tubing, with its double surface wing 

covered in Dacron sailcloth. Its 9.5 m (31.2 ft) span wing is supported by a single tube-

type kingpost and uses an "A" frame weight-shift control bar. The power plant is a 14 hp 

(10 kW) Yuneec Power Drive10 electricmotor.  

 

NATIONAL STATUS: 

Before present-day Panasonic produced appliances under the name the National brand 

which was first used by Konosuke Matsushita's electric firm to sell its battery-powered 

bicycle  lamps,  hoping  that  they  would be a  product used by all  of Japan, hence the 

name "National". It was arguably the first well-known brand       of Japaneseelectronics.  

       National was formerly the premier brand on most Matsushita products, including 

audio and video and was often combined as National Panasonic after the worldwide 

success of the Panasonic name. 
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After 1980 in Europe, and 1988 in Australia and New Zealand, Matsushita ceased 

the usageof "National",and soldaudio visualproducts exclusivelyunder the Panasonic and 

Technique nameplates. Perhaps due to trademark issues,  Matsushita never officially used 

the National name in the United States, except for early imported products, but rice 

cookers bearing the National name, imported from Japan, could be found at many ethnic 

Asianmarkets. 

National is well known throughout Asia as a reputable manufacturer of domestic 

appliances such as rice cookers. Electric fans are manufactured by KDK and rebranded as 

National and Panasonic. In 2004, the "National" brand was gradually phased out in Asia, 

the last market it was used in, with most products being rebadged under the Panasonic 

brand due to trademark restrictions with other companies worldwide containing 

"National" in their name and Konosuke Matsushita's desire to unify their businesses under 

the Panasonic name for greater recognition. 

Due to its historical significance and recognition in Matsushita's native Japan, 

non-audiovisual Matsushita products (mostly home appliances or white goods) were 

branded "National" until September 2008. As of October 1, 2008, Matsushita changed its 

company name to Panasonic Corporation. Non-audiovisual products that were branded 

"National" in Japan are currently marketed under the "Panasonic" brand. As in 2015, 

National was renamed it Ohmura Electric for the production of electric fan, air   

conditioner,   laptop   motherboard   and   other    appliances    and    succeeded by KDK, 

JVC andTechnique. 

 

1.3 HOW ELECTRIC VEHICLES (BIKES) BEGIN IN INDIA? 

Bangalore based Ekovehicles, Gujarat based Electrothem were pioneers in electric bike 

business in India. India, being new to this technology, taken time to accept this. Slowly 

they picked up sales because of electric bike advantage of no- license and no-registration. 

But as the technology still in nascent stage, there were a lot of service related problems 

faced by the costumer and due to the entire concept of electric bike lost the good will of 

costumers.  
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Then UK based Ultra Motors ltd and India based Hero (a Hero motor group 

company) joined hands and flagged of a successful production and marketing of electric 

bikes along with good after sales service. Though the pair had successfully branded the e-

bike concept in India, they got separated and currently launching their products 

individually. 

Meanwhile Avon cycles, Lectrix Motors ltd, Ampere vehicles pvt ltd, TI cycles 

also launched their electric bikes and concentrating on the "know how"& "know why" 

aspects of e-bikes and hoping a big future for this business. 

 

1.4 DRAWBACK OF PRESENT ELECTRIC VEHICLESYSTEM 

The available electric vehicle needs to recharge it’s battery through the wall outlet. 

Once, the battery is discharged completely, vehicle ceases to run and there is a need to 

look for readily available electrical energy.  

 

This disadvantage is overcome by introducing the hybrid vehicle. Hybrid vehicle 

has the flexibility for onboard generation i.e. the batteries can be recharged from solar 

cell generated power and wind power. One system acts like a back up for the other and 

the system will never run out of power. 

Thus the hybrid vehicle is one of the newest and popular alternatively powered vehicles. 

These hybrid vehicle consumes fewer natural resources than the gas vehicle and emits no 

fumes compared to the gas vehicle. This result in twice the fuel economy of 

conventional/gas driven vehicle and pollution free environment.
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1.5 GOALS OF REASEARCH 

 
Although there are many advantages to an alternative energy vehicle such as a 

HEV or PHEV, an electric bicycle offers very practical benefits. The detailed discussion 

will be shown later in this thesis, the bicycle is the most efficient form of transportation 

and is also affordable than an automobile. There are also different forms of the bicycle 

that can be used such as the tricycle.  A tricycle has one extra wheel than the bicycle for 

making balance of the vehicle without any efforts. Tricycles also tend to be more 

comfortable and economically designed. Combining the concepts of the electric bicycle 

and the tricycle, it lead to develop an electric 

tricycleforpartoftheresearchpresentedinthisthesis.Inordertoelectrifyatricycle,the vehicle 

needs a motor and a battery pack.  The battery pack should be rechargeable so  that 

multiple trips can be made with the tricycle. In order to recharge the batteries, some form 

of charger is needed. This requirement has made us to look into the second portion of the 

research presented in this thesis which is on switched-mode powersupplies. 

 

  1.5.1 ELECTRICTRICYCLE 
 

Designing and constructing an electric tricycle requires careful consideration of 

the different aspects of the vehicle. First, it is important to select the frame of the tricycle 

so that it satisfies the rider’s intention, comfort level, and style. Once the frame is 

decided, proper measurements and calculations to be made for selecting suitable motor. 

While selecting the motor, it is also necessary to have an idea about desired maximum 

speed to travel. Size of the motor depends on multiple factors such as the frontal area of 

the vehicle, weight, wind drag, air density, friction, and desired velocity. The goal for this 

portion of the project is to select a frame for the tricycle that will allow the rider to be in a 

recumbent seated position and capable of traveling  at speeds around 15mph. 

. 

 

1.5.2SOLAR PANEL 

The solar panel is the most expensive part needed to test and implement the project. 

Therefore finding an inexpensive module with an optimal power rating was going to 
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be imperative to the entire project’s performance and cost. Solar panel efficiency and 

power output needs to surpass the battery charging requirements during normal 

operating conditions, in order for the charge controller system to be fully tested. The 

panel should also be powerful enough to provide a quick charge, in order to shorten 

the battery charging time in various operational states and weather conditions. Power 

output depends on panel efficiency, so efficiency is the main objective in selecting a 

PVpanel. 

 

1.5.3 BATTERYPACK 

Once the size and type of motor is known, it is important to design a battery pack that 

has the correct voltage and is capable of providing enough energy to propel the tricycle 

at the desired speed. Designing the battery pack involves knowledge of  the voltage 

rating of the motor, the power rating of the motor, and the desired distance of travel. 

To achieve a high voltage, cells of a certain chemistry type should be connected in 

series. The chemistry of the battery pack is important since thiswill determine the 

overall weight of the pack, the cranking current capability, and the energy density. 

Lithium based cells tend to have higher energy densities than  most  cells  available on 

the market such as zinc-silver oxide, alkaline-zinc manganese dioxide, lead- acid, 

nickel cadmium (Ni-Cd), and nickel  metal hydride (Ni-MH).  With the goal to travel 

around 100 miles on a single charge as well as keeping the overall weight of the 

vehicle as minimal as possible, lithium based cells seem to be the bestcandidates. The 

weight of the batteries is an issue, but cost should take precedence as long as the whole 

system is not too heavy. The battery bank should have a long lifetime and be as low 

cost as possible. 

There are four possible states that the battery can be in that will determine what 

charging mechanism is going to be used. The quantitative value of each of the 

thresholds was determined by the battery and solar array that was ultimately 

implemented, but the software was able to check and react to the following conditions: 

 

 Off State: When there is little or no power coming from the solar panel, 
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the device should go into an off state to protect the battery from leaking 

back into the solarpanel. 

 On State: When there is minimal power coming from the solar panel, 

enough to power the system but not enough to move to the next state, the 

system turns on and attempts to deliver all of thepower. 

 Bulk State: This is the main charging state where the MPPT algorithms 

were most relevant. Here the maximum power point was determined and 

the battery was chargedaccordingly. 

 Float State: Once the battery reached a high enough voltage and was close 

to fully charged, the controller then moved into the float state. In this state, 

the goal was to maintain the voltage level and compensate for self- 

discharge. 

 

 

1.5.4. CHARGE CONTROLLER 
 

The numbers of stand-alone PV systems are increasing incredibly every year. The 

success and acceptance of PV systems by the consumer is typically judged by the 

reliability and performance of these systems. Performance of the batteries in these 

systems is a key factor in their success. To maintain a wide acceptance and 

increasingdemandforanyPVsystemsandactualservicelifeforthebatteriesasmart solar 

charge controller is must. 

 

1.6 THESIS OUTLINE 
 

The research that has been conducted is presented as a thesis that entails six 

chapters. Chapter I offered introductory material that is required to understand the goals 

forcreatinganelectrictricycle,theneedforabatterypack,andconsequentlytheneedfor a 

battery pack charger. The following chapter provides history on the bicycle, its 

predecessors, and the electric bicycle as well as background information on switched- 

mode power supplies and different charging strategies. Chapter II also presents related 

work previously published on switched-mode power supplies. Chapter III delves into 

detail on the design of the proposed electric tricycle including calculations for properly 
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selecting a motor and battery pack 
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1.7MOTIVATION 
 
A general interest in power electronics and power systems was a significant motivation 

behind the decision to develop a photovoltaic project.  The prediction made by different 

environment societies and agencies warned about the huge scarcity of conventional and 

natural fuel resources in future. In remote locations where fuel availability is scarce, 

alternate ways of providing the modes of transport is necessary where e vehicles fit into 

the scenario. Furthermore, as the population of the world increases and other natural 

resources continue to be used up, research in to renewable energy sources becomes 

increasingly relevant. 

 

1.8 SCOPE OF THE PROJECT 

 
In the past years, the design of hybrid electric vehicles (HEV) is based on offline battery 

charging and run with the concept of electric drive. Here the vehicle is made to propel 

using pedal force if the battery discharges completely So, the concept of generating while 

utilizing  is one of  the best remedy for the problem of time lapse due to slow charging of 

the batteries. Here the generation is done by harnessing solar energy. Four rechargeable 

batteries are used at the time of generation. These batteries draw energy from the source 

and power the motor for vehicle propulsion. The main moto of the project is to provide 

the people with transport system that does not depend only on the conventional source of 

energy like power grid but also on the decentralized energy sources like solar radiation 

which does not cost a penny. Not only about the cost less factor but it is also the most 

eco-friendly energy source available what can be readily used in any area where there is 

solar radiation.  

 

           This project will be a tool that can be a part of helping the reduction of the level of 

pollution. And as the reserves are coming scarce it is high time that we need to come up 

with some new idea of transport that doesn’t depend on the fossil fuel. The solar energy 

harvesting systems creates absolutely no pollution. This is perhaps the most important 

advantage that makes this project considerably a good one. In this project we converted 

the pedal powered tricycle to an electric motor driven one. HEV uses solar energy and 

wind energy conversion systems to generate electricity. Solar conversion system uses 
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photovoltaic (PV) cells to convert sunlight into electricity. The electricity goes either 

directly to an electric motor powering the vehicle, or to a special storage battery. PV cells 

produce electricity only when the sun is shining. Without sunlight, we depend on 

electricity stored in batteries. 

 

 

1.9 OBJECTIVES 

The overall objective of this project was to design an efficient solar trike. This 

meant implementing the charge controller, motor related parts and electronics 

necessary to monitor and adjust the power while consuming as little of the power 

as possible. 

 

1.9.1 EFFICIENT 

 

Efficiency was also an objective in component selection for the solar trike. This 

resulted in an overall low powered charge controller system, which meant that 

more of the solar panel energy was transferred to the battery. 

 

1.9.2 USER FRIENDLY 

The system was designed to be Plug-and-Play and implemented a user-friendly 

setup. Size and portability were primary objectives, which made the system very 

easy to setup in an outdoor environment such as a remote location without any 

access to electricity. The charge controller connections were kept to a minimum 

and were clearly marked for a quick setup and a safe experience. In addition, the 

charge controller incorporates a LCD screen which constantly allows the user to 

monitor important operational variables such as input voltage, output voltage, 

input current, output current, battery and panel temperature. 
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1.9.3 LOW-COST 

Production cost was an important objective in design and implementation. Limiting 

the number of circuit components allows for a simpler circuit, which in turn reduces 

the PCB size, design and production cost. Since a smaller casing was needed, due to 

circuit size, the packaging cost was subsequently lowered. 

 

1.10 COSTS 

The main parts of the constructed solar tricycle are Solar Panel, Battery, Motor, 

controller and three wheels with equip- ment. The cost of this equipment’s with the 

material cost and setting the cost of the tricycle is shown in Table 5. 

 

Table 5 Cost with different equipment’s used in the construction of tricycle: 

Description Price in BDT 

Solar Panel 3000 

Battery, Motor, controller 8000 

Materials and equipment 3500 

Three Wheels with equipment 3000 

Setting cost 1500 

Total 19000 

 

 

1.11 ENVIRONMENT 

The air pollution that warming the earth as a result of pollut- ants from the automobiles, 

which is about 23% of the total air pollution as shown in Fig. 9. One of the great 

problems faced in urban areas throughout the world is the increase in vehi-  cles due to an 

imbalance between the public transport and the increase in population which, finally 

results in a huge amount of airpollution. 



16 
 

 

Fig. 1  Different reason of air pollution [24] 

 

With the increasing rate of population, the number of vehi- cles is also increasing due to 

the imbalance between these two factors and finally the pollution rate is also increased 

[23]. Over the last two decades, many experiments have been done 

tocontrolemissionfromICengine.Sointhisrespect,thissolar tricycle may be one of the 

solutions because of pollutant free property 
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SOLAR ENERGY CONVERSION 

 

 

2.1SOLAR ENERGY 

 

2.1.1 ADVANTAGES AND LIMITATIONS 

Traveling at the speed of light, it takes sunlight eight minutes and twenty seconds 

to reach Earth’s surface. Solar energy, in the form of irradiance or sunlight and 

thermal energy or heat, is one of the most abundant and cleanest energies used on 

planet Earth. [7] Solar energy is considered a renewable source. As shown in 

Figure 2, renewable energy makes up 7% of consumption in United States’ energy 

supply for year 2008. Solar energy was accountable for less than 0.1 percent of 

electricity consumption in the United States in that same year. [8] The solar 

energy market is projected to double by 2020, even though today this type of 

energy is not as commonly used to produce electricity as other renewable sources 

of energy available, like hydroelectric, geothermal, or wind. [9]   

 

 

 

 

Figure 2.1 - Renewable Energy Consumption in the Nation's Energy Supply, 2008. 

Available in public domain by U.S. Energy Information Administration. 
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The fact that solar energy is renewable and also cleaner than any other energy 

produced from fossil fuels makes this resource of sustainable energy very 

important for the planets future. Solar energy is virtually available everywhere in 

the world. In conclusion, the advantages of solar energy are its abundance and the 

“zero emission” factor. On the other hand, its main limitation is the fact that this 

kind of energy is not constant even during the daytime. Due to Earth’s atmosphere 

and its atmospheric conditions, it is approximated that only half of the solar 

energy that is directed to the planet reaches its surface. Another disadvantage of 

solar energy is the limitation that the current available technologies place on the 

efficiency at which this energy is harvested and utilized. Even though there are 

numerous solar panel and solar cell technologies available, the highest efficiency 

at which these devices convert solar energy to electricity is lower than 30%. This 

last factor is another reason why harvesting solar energy is still not the most 

popular way of producingenergy. 

 

2.1.2 HARVESTING SOLAR ENERGY 

Solar energy can be harvested in two different ways, directly using photovoltaic 

systems or indirectly using Concentrated Solar Power (CSP). The photovoltaic 

effect is used in the conversion of light or photons to electric current or electrons. 

[10] Solar or photovoltaic cells are primarily made of crystalline silicon and are 

connected in series to attain a desired voltage or in parallel to attain a desired 

current. These interconnected cells form a solar panel that traditionally produces a 

DC potential. 

 

The panels are built of aluminum for durability. The cells are usually places 

behind tempered glass for safety, durability and protection of cells against weather 

conditions. A clear resin is used to insulate the back of the solar cells and also 

keep them in place against the top panel glass. The CSP process involves the use 

of mirrors and lenses to intensify sunlight and its thermal energy is used to heat up 

water and produce steam. Steam is then used to drive steam turbines which 

produce electricity. 
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This project made use of solar panels, which were first used in space projects to 

power orbiting satellites. A brief discussion and research on different types of 

panels and their efficiency is required in order to select the best solar panels to use 

for this project. Panel placement and panel temperature are also important in 

increasing the efficiency at which solar panels capture solar energy. 

 

 

2.1.3 SOLAR CELLS AND MANUFACTURING TECHNOLOGY 

There are many different types of solar cells and various materials used to make 

them, but the two most popular technologies used in today’s solar energy market 

are silicon, which is consider a first-generation technology and thin film which is 

considered a second-generation technology. Both technologies mentioned above 

divide in two separate groups: mono-crystalline and polycrystalline. Mono- 

crystalline thin-film solar cells include Gallium Arsenide (GaAs). Polycrystalline 

thin-films include solar cells like: amorphous silicon (TF-Si), Copper Indium 

Gallium deSelenide (CIGS), and Cadmium Telluride (CdTe). 

 

Thin film solar panels are made by placing thin layers of semiconductor material 

onto various surfaces, usually on glass. The term thin film refers to the amount of 

semiconductor material used. It is applied in a thin film to a surface structure, 

such as a sheet of glass. Contrary to popular belief, most thin film panels are not 

flexible. Overall, thin film solar panels offer the lowest manufacturing costs, and 

are becoming more prevalent in the industry. A third generation technology used 

today which is also the latest in the thin film category is the organic solar panel 

technology. In this fabrication process the solar panels are built by placing a 

conductive organic polymer, usually plastic, layer between two conductive plates. 

These organic panels are not widely used and harder to purchase. They are very 

inefficient and therefore a lot of them are needed in order for this project to work. 

 

Space is one of the major factors to consider in implementing this project, 
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therefore organic solar panels are not going to be used. The annual market  share 

of different solar panels according to different materials used in their 

manufacturing is shown in Figure 3. [11] For the main purpose of finding the 

most efficient and cost effective panel for the project, a quick review of the 

different types of panels is needed. Efficiency is more important than cost since in 

this MPPT charge controller project, the batteries need to be charged in the fastest 

manner possible. A solar panel that will do the best job at converting solar power 

into electricity (higher efficiency) is a major requirement, considering that 

sunlight is at its full potential for only half of the daytimehours.

 

 

Figure 2.2 - Market share of the different PV technologies. 

Reproduced with Permission under the Creative Commons License Attribution 3.0. 

 

2.1.4 MONO-CRYSTALLINE SILICON PANEL 

The first type of crystalline silicon used in solar panels is mono-crystalline. Even 

though not the most commonly used, this technology is one of the oldest and most 

proven in comparison to the rest. As the name implies this type of solar cells are 

made from the same silicon crystal, which is very pure and has less irregularities 

and imperfections than polycrystalline solar cells. This type of silicon is produced 
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using the Czochralski process where seed crystal silicon is dipped into molten 

silicon and withdrawn very slowly. This process produces a two meter long 

cylindrical single-crystal ingot as the molten silicon crystallizes around the seed. 

[12] The silicone can be intrinsic or doped with impurities depending on its future 

use. The ingot is then sliced into thin wafers. These same wafers are also used for 

semiconductor devicefabrication. 

 

Considering the square shape of a solar cell, a lot of silicone material is wasted  in 

the process; hence the main drawback of this type of solar cell is its price point. 

This manufacturing process is also more complicated and more silicon is used to 

make mono-crystalline solar cells. These last facts contribute to a high price per 

panel compared to the rest of the solar panels in this review. However, due to the 

lack of imperfections and cell structure this type of solar panel is the most 

efficient, with percentages averaging around 11% - 16%. [13] Efficiency is the 

factor at which absorbed light is converted toelectricity. 

 

Because of the higher efficiency level these panels perform better and have been 

proven to last longer than the rest of the silicon technology panels. These 

panelsare estimated to last at least 25 years. And some have been proven to last up 

to 50 years, so the higher price is justified by the returned energy cost that these 

panels produce during their long life. [12] Another positive factor about these 

panels is the fact that the user will get the most watts per square foot of panel 

used, since these panels are so efficient. As a result these panels are a good choice 

when limited space is an issue. Mono-crystalline solar panels are very fragile, and 

care must be given during the shipping and installation processes. These panels 

were used to implement this project. Most online solar panel retailers have 

recently dropped the prices for these panels to competitive levels with the prices 

of the polycrystalline panels, making this panel a functional choice for this 

project. 
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2.1.5 POLYCRYSTALLINE SILICON PANEL 

Next in the silicon solar cell category is polycrystalline silicon. Polycrystalline 

solar panels are the most common type of solar panel in home installations today, 

due to their low cost and average power efficiency. In this fabrication process 

molten silicon is usually casted and then cooled in a rectangular shape for a more 

profitable outcome. The block is then sliced similarly to the mono- crystalline 

ingot to create the thin solar cells. As the name implies the ingot is made of 

multiple crystals resembling pieces of shattered glass due to the manufacturing 

process. This process is a faster and a lot easier to implement. As a result, these 

types of silicon cells are cheaper and therefore cost less to produce in comparison 

to mono-crystalline cells. The lower grade semiconductor used in fabrication and 

the imperfections drop the solar cell performance. Efficiency is the main 

disadvantage of polycrystalline solar panels. They convert only 10%-14% of the 

solar energy that hits their surface. [13] Efficiency for these solar panels drops in 

comparison to their mono-crystalline counterpart because of the energy loss at the 

separation or fusion points between two adjacent crystals. Polycrystalline panels 

like mono-crystalline panels perform poorly in shade or low light conditions. 

These panels account for most of the market shares in the solar panel 

manufacturing industry in the pastdecade. 

 

2.1.6 AMORPHOUS SILICON AND THIN FILM PANEL 

Thin film technology is newer than the crystal silicon technology discussed 

previously. Amorphous silicon or other non-silicon semiconductors are used, 

instead of crystal silicon. The semiconductor is placed between flexible laminate, 

glass or steel plates. The flexible laminate is most commonly used to produce 

these panels. Thin film solar panels are cheaper and faster to produce since the 

entire panel is considered a solar cell, unlike traditional panels constructed of 

numerous solar cells. The manufacturing process makes these panels the most 

readily available solar panel on the market. 
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The flexible laminate makes these panels bendable and therefore easier to 

mountonunevensurfacesandalsomoredurabletoextremeweathercondition like a 

hailstorm. This factor is extremely important for thin film technology, considering 

that these panels are often laid on house roofs to replace traditional roofing 

materials. In case of damage the thin films panels with continue to work  at a 

lesser rate, while crystalline silicon panels stop working altogether if a single cells 

is damaged. Another advantage of thin film panels is their weight. Thin film 

panels weigh less than crystalline silicon panels, making them easier to mount and 

work with for residential use. Another advantage that thin film panels have is their 

performance in hotter climates. Thin film semiconductors used today like Copper 

Indium Gallium Selenide do not lose as much efficiency as their temperature 

increases. Because of this ability to withstand hotter temperatures thin film 

systems have an added advantage over the crystalline rivals in hot climates like 

the southeast. This also makes it easier to design solar panel systems as the solar 

panels perform closer their manufactures rating without factoring high 

temperature as much. Thin film panels perform better than the competition in 

shade or low light conditions. So in conclusion the main advantages of thin film 

panels are: cost, weight, durability, flexibility, high heat and shade performance. 

 

However, as with all the solar panels in this review, thin film panels have their 

disadvantages. The most significant disadvantage is their efficiency, which is  also 

the main reason why this new technology has not replaced older silicon 

technology. Thin film technology efficiency ranges between 4% - 7%. [13] This 

means that in order to produce the same amount of electricity twice as many thin 

film panels are needed in comparison with polycrystalline panels and almost three 

times as many when compared to mono-crystalline. Last of all disadvantages of 

thin film technology is longevity. Because the technology is fairly new, it is 

unknown how these panels perform overtime. 
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2.1.7 COPPER INDIUM GALLIUM (DE) SELENIDE CIGS THIN 

FILM                     PANEL 

Another type of panel to be reviewed is the CIGS panel in the thin film family.  

The semiconductor in this type of panel is composed of copper, indium, gallium 

and selenium. Like in other thin film panels the CIGS compound is layered on a 

glass back plate. This compound has a high optical absorption coefficient, 

therefore very little is needed to produce the panels. As a result CIGS panels are 

very light in comparison to crystalline silicon panels. Another advantage is their 

unmatched performance in higher temperatures. Unlike silicon, CIGS efficiency is 

not affected as much as the panel temperature increases, making CIGS panels 

appropriate for hotter climates like here in Central Florida. CIGS panel efficiency 

ranges from 10% - 15% with a record of 19.9% achieved by National Renewable 

Energy Laboratory with minor modifications. [14] Due to the moderate efficiency 

associated with these panels their production is projected to increase rapidly in the 

future. However these panels are usually very expensive and hard to find due to 

their vacuum based fabrication process, so they were considered for this project. 
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       2.1.8 CADMIUM TELLURIDE CDTE THIN FILM PANEL 

CdTe was one of the first semiconductors that was used in thin film technology to improve 

the low efficiency experienced with amorphous silicon. CdTe panels are manufactured on 

glass substrate like CIGS. They are the most common type of thin film solar panel on the 

market and the most cost-effective to manufacture. CdTe panels perform significantly 

better in high temperatures and in low-light conditions similarly to CIGS panels. However 

CdTe thin film panels have maxed out at 16.5% efficiency and range between 7% - 12% on 

average. [15] The limited supply of Tellurium and toxicity of Cadmium make these panels 

expensive and dangerous for theenvironment. 

 

       2.1.9 GALLIUM ARSENIDE GAAS THIN FILM PANEL 

The last type of solar panels reviewed in the mono-crystalline thin film group is GaAs 

panel. The semiconductor compound used to make these panels is Gallium Arsenide, a 

mixture of Gallium and Arsenic. GaAs in a single crystal form is very expensive. It is 

important to note that Gallium is a rare material and Arsenic is very poisonous, making 

these panels expensive and dangerous if damaged to the point that the semiconductor is 

exposed. The main benefit of GaAs panels is their efficiency. GaAs efficiency can range 

between 20% - 25%, with a record near the 30% mark. [16] This high efficiency is mainly 

due to the nearly ideal GaAs band gap. The role of the semiconductor material band gap 

will be discussed in the next section. GaAs panels are very useful in space applications 

because of its resistance to radiation damage and insensitivity to heat. So CdTe and GaAs 

photovoltaic modules have similar advantages in heat tolerance and high 

temperatureperformance. 

       2.1.10 PHOTOVOLTAIC PANEL PERFORMANCE 

From the previous part of this review it is quite clear the solar panels in all the various 

makes and models are not very efficient at converting solar energy. So panel performance 

and means to increase it were very important to this project. All solar panels suffer from 

naturally inherited issues such as temperature effect, electron-hole recombination rate, and 

light absorption efficiency. Electron hole recombination is the main reason why mono-

crystalline cells perform better than polycrystalline ones. The impurity concentration and 

structure abnormality associated with multiple crystal silicon increases electron-hole 
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recombination rate, which in turn, decreases panelefficiency. 

 

Temperature is another negative factor that affects solar panel performance. As mentioned 

earlier, crystalline silicon panels suffer the most when their cell temperature rises. The 

main reason why researchers usenon-silicon 

 

       2.2 MATHEMATICAL MODELLING OF PHOTOVOLTAIC CELL 
A photovoltaic cell can be modeled as a current source PN connected in parallel 

with a diode. Current source produces a constant current. This current is proportional to the 

intensity of the light falling upon the cell. Photovoltaic systems affected weather conditions 

and solar radiation by directly. The yield of the photovoltaic system and the price related to 

external working conditions and the variable conditions the operation of the system 

components at the best spot. Therefore, solar energy applications, while the photovoltaic 

system under different and varying conditions accurately assesses the performance of each 

element are important. This situation also affects the system design and cause electrical 

parameters sudden by changing the network changes set over time in the event of certain. 

The performance of a solar cell is needed to understand the correlation between current and 

voltage of the cell. The solar cell characteristics affect the operation of the inverter and 

design of control system[8]. 

 

 

 

 

 

 

 

                                                        Figure 4.3 : A diode model 

 There is a current source (solar cell),a parallel diode and a resistance (Rsh ) and a 

resistance          are connected in series to them (Rs ) at single-diode model equivalent 

circuit (Duffie and Beckman, 1980). This circuit is given in figure 3. 
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                                               Table 1: Photovoltaic Model Parameters 

 

Rs Series Resistance Ip

il 

PV Battery Output Current 

Rp Parallel Resistance VD Diode Voltage 

q Electron Load Gref Nominal Amount of Solar Radiation 

m Ideality Factor G Amount of Solar Radiation 

k Boltzmann Constant Is

c 

Nominal Short-Circuit Current 

T Kelvin Temperature Voc Nominal Open Circuit Voltage 

Np

c 

Number of Parallel IM Maximum Power Point Current 

Ns

c 

Number of Serial Tref Nominal Operating Temperature 

PM Maximum Power VM Maximum Power Point Voltage 

C0 Temperature Coefficient Kv Voltage Temperature Coefficient 

ID Diode Current Ie Electron Current 

Iph Photovoltaic Current Ih Hole Current 

Ish Parallel Resistor Current Ki Current Temperature Coefficient 

Ior

ef 

Reference Current Eg Diodes Bandwidth 

b Constant Semiconductor I0 Diode Saturation Current 

 

 

Kirchhoff’s the currents law is applied to circuit at figure 3; 

 

Ipil= Iph− ID1 −ID2 −Ish (1) 

 

Diode current, is the total current through for the p-n junction, is the total currents 

generated by the electrons and holes activated by photons mathematical. States of electrons at 
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conduction band and space current at valence band Boltzmann distribution net flows and the 

space electron current flows[4]; 

 

qVD 

Ie= Ieo. (ekbT−1) (2) 

qVD 

Ih= Iho. (ekbT−1) (3) 

qVD 

ID= Ie+  Ih= Io. (ekbT−1) (4) 

[28] 

Diode current ID, varies the absolute temperature of the diode, voltage and as a function 

of the current drawn by the load. At equation 4, q, electron charge (1.602 × 10-19 C), the 

potential difference between the ends of the diode VD, m, the ideality factor, k: Boltzmann 

constant (1.381 × 10-23 J / K) and T is the absolute temperature in Kelvin represents [9]. 

 

qVD q(Vpv+I.Rs) 

ID= Io. (emkT− 1)= Io.(e mkT −1) (5) 
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Ish =
V

D 

R

sh 

= 
( 

Vpv+I.Rs) 

Rsh 

(6) 

 

 

Ipil= Iph− ID − Ish 

 

 

Ipil= Iph− Io. 

(e 

q(Vpv+I.Rs) 

mkT −1)− 

( 

Vpv+I.

Rs) 

Rsh 

 

(7) 

 

 

Equity in connection with temperature equation 7; [11] 

 

 

q(Vpv+I.Rs) 

Ipil= Iph.(1+CO(T−300))−Io.(e mkT − 1)− 

( 

Vpv+I.

Rs) 

Rsh 

 

(8) 

 

 

VM=Nsc.Vnew (9) 

IM=Npc.Inew (10) 

[4] 

 I = I 
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G 

. (Tc)
3 

. 
exp[(

q.Eg
) (1−1)] (11) 

O

 ore

f 

Tcr

eF 

n.kb TcreF Tc 

 

 

Ioref = Reference Current 

Eg = Diodes Bandwidth 

 

 

Iph = [Isc + α. (Tc− 25)] G 

reF 

(12) 
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Eq. (8) is performed by using of Eqs. (11-12) to obtain current of solar cell 

[4,10]. 

 

 

  

2.3 CONVERSION OF SUNLIGHT INTOELECTRICITY 
 

Light striking a silicon semiconductor causes electrons to flow, creating 

electricity. Solar power generating systems take advantage of this property to 

convert sun light directly into electrical energy. 

  Solar panels,which goes through a power inverter to become alternating 

current (AC)—electricity that we can use in the home or office, like that supplied 

by a utility power company. There are two types of solar power generating 

systems: grid-connected systems, which are connected to the commercial power 

infrastructure; and stand-alone systems,  which feed electricity to 

afacilityforimmediateuse,ortoa battery for storage. Grid-connected systems are 

used for homes, public facilities such as schools and hospitals, and commercial 

facilities such as offices and shopping centers. Electricitygenerated during the 

daytime can be used right away, and in some cases surplus electricity can be sold 

to the utility power company. If the system doesn‘t generate enough electricity, or 

generates none atall (for example, on a cloudy or rainy day, or at night) electricity 

is purchased from the utility power company. Power production levels and 

surplus selling can be checked in real time on a monitor, an 

effectivewaytogaugedailyenergyconsumption.Stand-alonesystems are used in a 

variety of applications, including emergency power supply and remote power 

where traditional infrastructure is unavailable. 
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Figure 2.4: Conversion of sunlight into electricity 

 

In figure 2-2 when sunlight hits the semiconductor, an electron springs up 

and is attracted to the n-type semiconductor. Thiscauses more negative 

electrons in the n-type semiconductor and more positive electrons in the p-

type, thus generating flow of electricity in a process known as the ―photo 

voltaic effect. 
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ELECTRIFICATION OF TRICYCLE 

 

2.4. COMPONENTS USED 

 
Being a electrical student without using man power we interface the electrical motor with 

tricycle to run the tricyle. 

This block diagram showing is majorly employed for converting normal tricycle to 

electrical tricycle. Major components used in solar trike. 

 BLDC MOTOR AND MOTOR CONTROLLER 

 ACCELERATOR (THROTTLE) 

  LOCK 

  HEAD LIGHT  

 BATTERY BANK 

 

2.5 BLDC MOTOR AND CONTROLLER 

2.5.1 STATOR 

There are three classifications of the BLDC motor: single-phase, two-phase and three-

phase. This discussion assumes that the stator for each type has the same number of 

windings. The single-phase and three-phase motors are the most widely used. Figure 5.1 

shows the simplified cross section of a three-phase BLDC motor. The rotor has 

permanent magnets to form 2 magnetic pole pairs, and surrounds the stator, which has the 

windings. 
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Figure 2.5 

A three- phase motor has three windings as shown in Figure 5.1 Each phase turns on 

sequentially to make the rotor revolve. 

There are two types of stator windings: trapezoidal and sinusoidal, which refers to the 

shape of the back electromotive force (BEMF) signal. The shape of the BEMF is 

determined by different coil interconnections and the distance of the air gap. In 

addition to the BEMF, the phase current also follows a trapezoidal and sinusoidal 

shape. A sinusoidal motor produces smoother electromagnetic torque than a 

trapezoidal motor, though at a higher cost due to their use of extra copper windings. A 

BLDC motor uses a simplified structure with trapezoidal statorwindings. 

2.5.2 ROTOR 

  

A rotor consists of a shaft and a hub with permanent magnets arranged to form 

between two to eight pole pairs that alternate between north and south poles.  

There are multiple magnet materials, such as ferrous mixtures and rare-earth alloys. 

Ferrite magnets are traditional and relatively inexpensive, though rare-earth alloy 

magnets are becoming increasingly popular because of their high magnetic density. 

The higher density helps to shrink rotors while maintaining high relative torque when 

compared to similar ferrite magnets. 
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2.5.3 THREE PHASE BLDC MOTOR WORKING 

A three-phase BLDC motor requires three Hall sensors to detect the rotor’s position. 

Based on the physical position of the Hall sensors, there are two types of output: a 60° 

phase shift and a 120° phase shift. Combining these three Hall sensor signals can 

determine the exact commutation sequence. 

Figure 5.2shows the commutation sequence of a three-phase BLDC motor driver 

circuit for counter- clockwise rotation. Three Hall sensors—“a,” “b,” and “c”—are 

mounted on the stator at 120° intervals, while the three phase windings are in a star 

formation. For every 60° rotation, one of the Hall sensors changes its state; it takes six 

steps to complete a whole electrical cycle. In synchronous mode, the phase current 

switching updates every 60°. For each step, there is one motor terminal driven high, 

another motor terminal driven low, with the third one left floating. Individual drive 

controls for the high and low drivers permit high drive, low drive, and floating drive at 

each motor terminal. 

However, one signal cycle may not correspond to a complete mechanical revolution. 

The number of signal cycles to complete a mechanical rotation is determined by the 

number of rotor pole pairs. Every rotor pole pair requires one signal cycle in one 

mechanical rotation. So, the number of signal cycles is equal to the rotor pole pairs. 
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Figure2.6 —Three-Phase BLDC Motor Commutation Sequence
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Figure 5.3 shows the timing diagrams where the phase windings—U, V, and W—are 

either energized or floated based on the Hall sensor signals a, b, and c. This is an 

example of Hall sensor signal having a 120° phase shift with respect to each other, 

where the motor rotates counter-clockwise. Producing a Hall signal with a 60° phase 

shift or rotating the motor clockwise requires a different timing sequence. To vary the 

rotation speed, use pulse width modulation signals on the switches at a much higher 

frequency than the motor rotation frequency. Generally, the PWM frequency should be 

at least 10 times higher than the maximum motor rotation frequency. Another 

advantage of PWM is that if the DC bus voltage is much higher than the motor-rated 

voltage, so limiting the duty cycle of PWM to meet the motor rated voltage controls the 

motor.c 
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2.6 THROTTLE 

 

2.6.1 NEED FOR THROTTLE: 

 
        When the throttle is engaged the motor provides power and propels the vehicle 

forward. Generally a throttle consists of a Hall Effect sensor. By twisting the throttle its 

input fed to motor controller changes which further controls the input fed to motor. There 

are three main types of throttles: thumb throttles, half twist throttles and full twist 

throttles. and each type of e-bike throttle has its own advantages and disadvantages so its 

selection entirely depends on rider choice. A full grip twist throttle is a twist throttle 

where power fed to the motor is increased by twisting the grip of the vehicle; it is called a 

'full grip' because it extends the whole length of the grip similar to that of a motorcycle. 

2.6.2 CONSTRUCTION 

         A Hall Effect throttle is simply a magnet and a Hall Effect sensor which works 

similarly to a potentiometer except rather than turning a manual dial, a magnet is moved 

closer to a hall sensor. The metal ring and moving part of the throttle is magnetized. The 

magnet is a long curved one and Hall Effect sensor is a transducer that varies its output 

voltage in response to a magnetic field. 
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Figure 2.7. Inner view of throttle 

2.6.3. OPERATION 

          When a Hall Effect throttle is connected to a 5 volt source, the sensor will detect 

the proximity of the magnet to the sensor. When the magnet is far away from the sensor, 

the output reading is 0 volts. As the magnet slowly gets closer to the sensor, the voltage 

gradually climbs higher. Twisting the throttle simply varies the strength and polarity of 

the magnetic field adjacent to the sensor, which sends a corresponding voltage of between 

0.2V and 4.6V to the controller, signaling either 0% throttle up to 100% throttle 

operation. Usually there is a point where the magnet can get no closer to the sensor 

because of its protective housing, so output variation of 0.2v to 4.6v is only available 

from a Hall Effect sensor. Being solid state, there are no moving electrical parts to wear 

or suffer from poor contacts which makes the sensor more durable and reliable than a 

conventional variable resistor. 

2.7  SOLAR PANEL 

 

Photovoltaic or solar cells, at the present time, furnish one of the most-important 

long- duration power supplies. This cell is considered a major candidate for 

obtaining energy from the sun, since it can convert sunlight directly to electricity 
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with high conversion efficiency. It can provide nearly permanent power at low 

operating cost, and is virtually free of pollution. Since a typical photovoltaic cell 

produces less than 3 watts at approximately 0.5 volt dc, cells must be connected in 

series-parallel configurations to produce enough power for high-power 

applications. Cells are configured into module and modules are connected as 

arrays. Modules may have peak output powers ranging from a few watts, 

depending upon the intended application,to more than 300 watts. Typical array 

output power is in the 100-watt-kilowatt range, although megawatt arrays do exist. 

Photovoltaic cells, like batteries, generate direct current (DC), which is generally 

used for small loads (electronic equipment). When DC from photovoltaic cells is 

used for commercial applications or sold to electric utilities using the electric grid, 

it must be converted to alternating current (AC) using grid inverters, solid-state 

devices that convert DC power to AC. 

2.7.1 I-V AND P-V CHARACTERISTICS OF THE PVMODULE 

It is very important to fully characterize the PV module by their I-V and P-V 

curves as an input power source to battery charging system. That will be taken 

as a guide in order to verify and validate the experimental results. 

Two experiments are executed to characterize the PV module. In the 

first one, the ambient temperature is constant at 25 °C. The procedure is 

as follow: 

1- Change the insolation by using the dimmerswitch 

2- Measure Voc, Icc, VNppt, INpptandPNpptat 250 ,500,750 and 1000W⁄N2 

3- Measure the voltage and current starting from the open circuit 

voltage to zero voltage for each insolation value using a suitable 

variable resistance, and record the results. Then repeat these 

steps for each insolation and plot the I-V C/C’scurve. 

 

In the second experiment, the insolation is constantat 

1000W⁄N2.The procedure is as follow: 1-Change the ambient 

temperature by using the hot air device. 
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2- Measure Voc, Icc, VNppt, INpptandPNpptat 25 ,30,35 and40°C 

3- Measure the voltage and current starting from the open circuit 

voltage to zero voltage for each temperature value using a suitable 

variable resistance. Moreover, record the results. Repeat this for 

each temperature and plot the I-V C/C’scurve. 

Using the previous experiments, Fig. 5.13 and 5.14 show the 

measured I-V curves of the panel, while Fig. 5.15 and 5.16 show P-V 

characteristic curves respectively. One of every pair is taken at fixed 

temperature and different irradiance, while the other at fixed 

irradiance and different temperature. 
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                                                Fig.2.9. TheI-Vcharacteristiccurvesatfixedtemperatureanddifferentirradiance. 

 

 

                                               Fig.2.10.TheI-Vcharacteristiccurvesatfixedirradianceanddifferenttemperature. 
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                        Fig.2.11.. TheP-Vcharacteristiccurvesatfixedirradianceanddifferenttemperature. 

 
 

 

Fig.2.12 .TheP-Vcharacteristiccurvesatfixedtemperatureanddifferentirradiance. 
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5.5 CHARGE CONTROLLER 
 

A solar charge controller (SCC) is a dc voltage regulator. A SCC is needed in virtually 

all solar power systems that utilize batteries. The function of the solar charge 

controller is to regulate the generating power from the solar panels and storing the 

power to the batteries. In a solar panel generally 16 to 21 volt is generated. But to 

charge the battery, the needed voltage is between 14V and 14.4V. A charge controller 

steps down the voltage. The basic function of a charge controller is to prevent battery 

overcharging. If battery is allowed to routinely overcharge, their life expectancy will 

be dramatically reduced. A charge controller will sense the battery voltage, and reduce 

or stop the charging current when the voltage gets high enough. This is especially 

important with sealed lead acid battery where we cannot replace the water that is lost 

during overcharging. There are some other functions that a charge controller performs 

such that preventing battery over-discharge, protecting from electrical overload, and 

maximum power trackingetc. 

 

 

Fig. 2.13 Simple block diagram of a charge controller 

5.5.1SWITCHING MECHANISM OF CHARGECONTROLLER 

Proper operation of a charge controller should prevent overcharge or over discharge of 

a battery regardless of the system sizing/design and seasonal changes in the load 
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profile and operating temperatures. The algorithm or control strategy of a battery 

charge controller determines the effectiveness of battery charging and PV array 

utilization, and ultimately the ability of the system to meet the load demands. 

Additional features such as temperature compensation, alarms, and special algorithms 

can enhance the ability of a charge controller to maintain the health, maximize 

capacity, and extend the lifetime of a battery. Moreover the controller protects against 

sulfation of a battery, overload and short circuit condition. Micro-processor based 

controllers measure the ampere-hour of the battery rather than state of charge of the 

battery to control the currentsupply. 

 

Most importantly, the controller algorithm defines the way in which PV array power is 

applied to the battery in the system. In general, interrupting on-off type controllers 

require a higher regulation set point to bring batteries up to full state of charge than 

controllers that limit the array current in a gradual manner. Three switching 

mechanisms are well-liked to control the charge controller function. 

 On-off 

 Pulse width modulation(PWM) 

 Maximum Power Point Tracking(MPPT) 

 

2.8.1.1 ON-OFFMECHANISM 

Battery charging of a solar system is a complex process and challenging. In the old 

days, simple on-off regulators were used to limit battery out gassing when a solar 

panel produced excess energy. However, as solar systems matured it became clear 

how much these simple devices interfered with the charging process. The charge 

controllers which regulate the flow of charge to the battery by switching the current on 

fully ON or fully Off state are called On/Off control. The history for On-Off 

regulators has been early battery failures, increasing load disconnects, and growing 

user dissatisfaction. PWM mechanism has recently surfaced as the first significant 

advance method to charging solar battery. 
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Fig. 2.14 Schematic diagram of PWM Fig. 2.15 Schematic diagram of MPPT 

2.8.1.2PWM 

Pulse-Width Modulation (PWM) comes into play when the battery bank is full. 

During charging, the controller allows as much current as the PV panel/array can 

generate in order to reach the target voltage for the charge stage the controller is in. 

Once the battery approaches this target voltage, the charge controller quickly switches 

between connecting the battery bank to the panel array and disconnecting the battery 

bank, which regulates the battery voltage holding it constant. This quick switching is 

called PWM and it ensures the battery bank is efficiently charged while protecting it 

from being overcharged by the PV panel/array. Fig. 3.10 presents a schematic 

PWMdiagram. 

2.7.1.3 MPPT 

Maximum Power Point Tracking features an indirect connection between the PV array 

and the battery bank. The indirect connection includes a DC/DC voltage converter that 

can take excess PV voltage and convert it into extra current at a lower voltage without 

losing power. MPPT controllers do this via an adaptive algorithm that follows the 

maximum power point of the PV array and then adjusts the incoming 

voltagetomaintainthemostefficientamountofpowerforthesystem.Overthepast decades 

many methods to find the MPP have been developed. These techniques differ in many 

aspects such as required sensors, complexity, cost, range of effectiveness, convergence 
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speed, correct tracking when irradiation and temperature change, hardware needed for 

the implementation or popularity, among others. Some of the most popular MPPT 

techniques or algorithm is listed below[14]. 

 

 Perturb and observe(P&O).  Online MPP SearchAlgorithm 

 Incremental Conductancemethod.  Temperaturemethod 

 Fractional short circuitcurrent.  Three Point WeightComparison 

 Fractional open circuitvoltage.  PV Output SenselessControl 

 Fuzzylogic.  Biological SwarmChasing 

 Neuralnetworks.  Variable Inductor 

 Ripple CorrelationControl  Incremental Resistance (INR) 

 CurrentSweep.  ArrayReconfiguration 

 DC-link capacitor droopcontrol.  Linear CurrentControl 

 Load current or load voltage 

maximization. 

 IMPP and VMPPComputation 

 Voltage or current Feedback 

control. 

 One-cycle controlMethod 

 βMethod  Best Fixed Voltage algorithm 

 System OscillationMethod  Linear ReorientedCoordinates 

 Constant VoltageTracker  Slide Control 

 Lookup TableMethod  Solid State BasedMPPT 

Among several techniques mentioned, the Perturb and Observe (P&O) method and the 

Incremental Conductance (InCond) algorithms are the most commonly applied 

algorithms. Other techniques based on different principles include fuzzy logic control, 

neural network, fractional open circuit voltage or short circuit current, current sweep, 

etc. Most of these methods yield a local maximum and some, like the fractional open 

circuit voltage or short circuit current, give an approximated MPP, 

ratherthananexactoutput.InnormalconditionstheV-Pcurvehasonlyone maximum. 
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However, if the PV array is partially shaded, there are multiple maxima in these 

curves. Both P&O and InCond algorithms are based on the hill-climbing principle, 

which consists of moving the operation point of the PV array in the direction in which 

the power increases. Hill-climbing techniques are the most popular MPPT methods 

due to their ease of implementation and good performance when the irradiation is 

constant. The advantages of both methods are simplicity and requirement of low 

computational power. The drawbacks are: oscillations occur around the MPP and they 

get lost and track the MPP in the wrong direction during rapidly changing atmospheric 

conditions. In this thesis, perturb and observe (P&O) algorithm is used to implement 

the solar charge controller. 

 

2.8.2 Characteristics of MPPT 
 

 High Voltage Wire Runs – smaller wire can be used and greater distances 

achieved using higher voltage PV input due to less voltage drop. A big 

advantage to having a higher voltage solar panel array is that we can use 

smaller gauge wiring to the charge controller. And since a solar panel array can 

sometimes be over a 100 feet away from the charge controller, keeping the cost 

of the wiring down to a minimum is usually an important financial goal for the 

whole project. When you double the voltage (e.g. from 12 to 24 volts), you 

will decrease the current going through the wires by half which means  you use 

a quarter as much copper (or cable with half of thediameter). 

 Shading and Cloud Irradiance Effects – Cloud edge effect can cause the 

module to exceed its rated wattage for a short time. Shading can cause tricky 

IV curve shapes. MPPT can follow both these changes to ensure maximum 

power during these conditions. 

 Low Battery Protection – when the battery is very low, a high voltage 

difference between the 𝑉𝑚𝑝of PV and the battery voltage causes an even greater 

power boost. This can prevent an LVD at a time when the power is most 

needed. 

 Reduced Power Loss – Another area that is enhanced by an MPPT charge 

controller is power loss. Lower voltage in the wires running from the solar 
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panels to the charge controller results in higher energy loss in the wires than 

higher voltage. With a PWM charge controller used with 12V batteries, the 

voltage from the solar panel to the charge controller typically has to be 18V. 

Using an MPPT controller allows much higher voltages in the wires from the 

panels to the solar charge controller. The MPPT controller then converts the 

excessvoltageintoadditionalamps.Byrunninghighervoltageinthewiresfrom the 

solar panels to the charge controller, power loss in the wires is reduced 

significantly. 

 

2.9  BATTERIES 
Energy demand and supply has always been one of the crucial factors for the 

evolution of civilization. Energy in the form of electricity is produced from solar, 

wind, nuclear power, burning fossil fuels, etc; however, production of electricity 

from renewable sources like, solar and wind need a storage device for their effective 

usage during depletion time. In this context, electrochemical energy storage devices 

such as batteries play an important role in the efficient use of renewable energy. 

Battery is a collective arrangement of electrical cells that stores and produces 

electricity by chemical reaction; storage and release is realised by electrons and  

ions.1 The first battery, Voltaic pile was developed by Volta in the year 1800. It 

consists of a series of copper and zinc discs separated by card boards moistened with 

salt solution. With more than 200 years of development, battery technology has 

achieved an era that batteries are safely used for transport of electricity without heat 

loss. They can be made in all varieties of sizes and shapes and useful for various 

applications. 

Batteries are mainly of two types, viz. primary and secondary batteries. 

Primary batteries are assembled in charged condition and the electrochemical reaction 

is mostly irreversible. Examples: Lechlanche, alkaline MnO2, silver oxide, and zinc/air 

batteries.2Electrochemical reaction associated with secondary batteries is reversible. 

Hence the battery can be charged/ discharged for a number of cycles and are named 

as rechargeable batteries. Examples: lead-acid, nickel-cadmium, nickel-metal hydride 

and lithium ion batteries. According to the chemical reaction involved, rechargeable 

batteries can further be classified as lead-acid, nickel-metal hydride, zinc-air, 
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sodium-sulphur, nickel-cadmium, lithium ion, Li-air batteriesetc. 

Among the various rechargeable batteries aforementioned, Rechargeable Li-

ion batteries have gained considerable interest in recent years in terms of highest 

specific energy, cell voltage, good capacity retention and negligibly small 

selfdischarge. Table 1.1 compares the characteristics and performance of the four 

most important battery technologies. 

Table 1.1, Characteristics and performance of commonly used rechargeable 

batteries. 

 

Battery type Lead-Acid Ni-Cd Ni-MH Li-ion 

Commercialization 1970 1956 1990 1992 

Voltage (V) 2.1 1.2 1.2 3.6-3.7 

Energy Density 60-75 Wh/L 50-150Wh/L 140-300Wh/L 250-620Wh/L 

 30- 50Wh/kg 40-60Wh/Kg 60-120Wh/Kg 100-250Wh/Kg 

Power Density 180 150 250-1000 250-340 

(W/kg)     

Cycles 500-800 2000 500-1000 400-1200 

Memory Effect No Yes No No 

Monthly self 

discharge rate 

3-20% 10% 30% 

(Temperature 

dependent) 

5% at 21 C 

(Temperature 

dependent) 

 

 

 

It is desirable that the energy delivered by a battery during its discharge 

should be as high as possible. The energy output of a battery is dependent on the 

equivalent weight of active material present in it. 
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Specific capacity i.e capacity per gram of active material= 26.8  

Equivalentweight Ah.g-1 

 

Lithium metal being the third lightest element, lithium based materials with low 

molecular weight can effectively produce batteries with high capacity. Further, lithium ion 

batteries employs non aqueous electrolyte that offer high operating voltage (>4V) in 

comparison to other batteries with aqueous electrolyte (1-2V). Thus, low weight, compact 

lithium ion batteries established a strong market place for portable electronic devices and 

could find central application if lithium ion batteries in electric vehicles becomereality   

 

 

2.8.1BASICS OF LITHIUM IONBATTERIES 

 

Lithium ion battery consists of three main components, positive and negative 

electrode separated by a separator dipped in electrolyte. Negative electrode is 

normally an electron donor group which is electropositive in nature like lithium 

metal.6 Positive electrode is normally an electron acceptor which is strongly 

electronegative (e.g. LiMO2 (M= Co, Ni, Mn, etc) compounds). During discharge 

process, the negative electrode electrochemically oxidised and releases electron. This 

electron moves through outer circuit to the positive electrode which accepts electron. 

In Fig. 5.12, the schematic of lithium ion battery operation is explained using LiCoO2 

as positive electrode and carbon as negative electrode. 
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Charge 

Overall: LiCoO2+C  Li1-xCoO2+ LixC 

Discharge 

 

 

Figure 2.16, Schematics of Li-ion battery using LiCoO2 as cathode and graphite 

as anode. 

During charge, Li+ moves from LiCoO2 to carbon through the electrolyte 

which causes oxidation of Co3+ to Co4+ and the reverse happens during discharge;  

Li+ moves from carbon to LiCoO2. Role of electrolyte is to act as a medium for the 

transfer of ions between the two electrodes. In general, lithium salt dissolved in 

organic solvent is used as electrolyte in lithium ion batteries. Main requirements for 

theelectrolyteare,7(i)itshouldbeagoodLi-ionconductorandelectronicinsulator 

(ii) stability over the operating voltage window (iii) chemical compatibility with cell 

components and electrodes (iv) thermal stability and (v) there should not be any 

charge accumulation and concentrationpolarisation. 

Material that undergoes chemical reaction producing current during battery 

operation is known as active mass or active material.2In batteries the electrode itself 

takes part in chemical reaction apart from being a charge transfer media. 

Consequently, the chemistry associated with electrode-electrolyte interface and bulk 
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of electrode are the main factors that determine the battery performance. Thus 

performance of lithium ion battery crucially depends on the nature of electrode 

material used. 

Parameters that are used to validate the quality of electrode material are, 

 

 Cellvoltage 

 

 Conductivity 

 

 Specific capacity 

 

 Coulombicefficiency 

 

 Capacity retention (stability/ cyclelife) 

 

 Gravimetric and volumetric energydensity 

 

 Power density 

 

 Cost, toxicity and safetyissues 

 

Cell voltage: Cell voltage is represented by open circuit voltage (voltage between the 

two terminals when no external current flows) or closed circuit voltage (voltage 

between the two terminals when it is connected with external circuit). 

Open circuit voltage Voc is calculated from the chemical potential of the 

negative ( N
Li) and positive electrode ( P

Li) as, 

N
Li - 

P
Li 

Voc= 

F 

Where, F is Faraday constant 96485 JK-1. 
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Thus chemical potential of positive electrode should be high and that of negative 

electrode should be low in order to achieve high cell voltage. In addition for the 

electrode to be thermodynamically stable, redox energies of the electrode should lie 

within the band gap of electrolyte material Eg. 

Conductivity: Electrode material should be capable of conducting electrons as well 

as lithium ions for better battery performance. But many lithium ion insertion 

materials are semi conductors by nature. Some of them are even highly insulating 

(conductivity <10-9 S.cm-1). Conductivity of the electrode is usually improved by 

mixing the electrode material with conductingcarbon. 

Coulombic efficiency: Coulombic efficiency is the ratio of number of charges that 

enter the battery during charging to the number of charges that can be extracted 

during discharge. Secondary reactions associated with electrolyte side reactions, 

structural instability of the electrode material and impurity in electrolyte etc., cause 

loss of electron during charging and reduce the coulombic efficiency. Electrode 

material with more than 95% of coulombic efficiency is considered as better 

electrode. 

 

Specific capacity: 

 

Specific capacity i.e capacity per gram of active material= 

Where, 

F is the Faraday constant 26.8Ah. 

 

 

 F ∆X  

Molecular weight 

 

 

Ah.g-1 

 

F= 96,485 Coulombs =   96,485 A. Sec 

3600 Sec 

= 26.8 Ah 
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∆X is the amount of reversible lithium. 

 

Materials with low molecular weight and higher lithium reactivity would deliver high capacity. 

Capacity retention/ stability/ cycle life:Capacity retention is derived from the number of 

cycles that the cell undergoes charge-discharge processes. Although factors like electrolyte 

stability, temperature, etc, influence the capacity degradation; phase stability of the 

electrode is the prime component in determining the cycle life of a cell/battery. 

Gravimetric and volumetric energy density: Energy density is the energy per unit weight 

(Gravimetric Wh.kg-1) or unit volume (volumetric Wh.l-1). 

Gravimetric energy density= (Specific capacity/ kg)  Cell voltage 

Volumetric energy density= (specific capacity/ litre)  Cell voltage 

Power density: Power density (W/kg or W/litre) is the power of the battery per unit weight 

that represents the speed at which the energy can be delivered to theload. 

Power density= Current (A/kg or A/litre)  Voltage (V) = Energy density/Time. 

 

Power of the battery depends on the cell impedance, lithium diffusion through the 

electrode, electrolyte and other components. In many cases lithium ion diffusion through 

the electrode material is the limiting factor and determines the power of the battery. 
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2.10  WORKING OF ELECTRIC TRICYCLE 
 

The figure 2.5 shows how the components are functioning. In this controller plays a vital 

role. The inputs given to the controller are Lo hall sensor signals from motor, battery 

etc,.the outputs of the controller are motor. 

Weather if you want to use electrical vehicle initially  we unlock the vehicle then all parts 

get supply from the battry bank. 

After unlocking the vehicle then raise the throttle in this what we gave the speed is 

required speed and these signals send to the controller. Depending upon the speed given 

by the driver the supply is given to the motor from the battery bank through controller. 

bldc motor contain in built in hall sensor which is mounted on bldc motor rotor. This hall 

sensor senses the speed of the rotor  and send back to the controller everytime.  Whenever 

the driver changes the required speed then the controller starts comparing the bldc motor 

speed by using hall sensor with required speed. If there is any difernce in  

                                  Fig 5.13. block diagram 
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                                              FIG: 2.17 Block Diagram 

speeds then the controller changes the supply coming frommthebattry bank to the bldc 

motor, till the differeces of spped equal to zero.  By doing this the tricycle moves in 

forward direction. If we want to roatte the motor in reverse direstion just short the two 

terminals which are presented in the controller specifically cement colour.The horn  isalos 

incur[orated in the thrpottle. Whwnever we press the horn button the signal send to the 

buzzer and buzzer produce sound.  
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CHAPTER – 3 

DESIGN CALCULATIONS OF TRICYCLE 

HARDWARE DESCRIPTION 
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DESIGN CALCULATIONS OF TRICYCLE 

 
 

The design involves the calculation of driving torque and power required for the 

tricycle, rating of motor, selection of motor, battery and number of solar panels. 

 

3.1 CYCLE DIMENSION 
 

Cycle Rim Diameter d = 50 cm = 0.5 m 

I.e. radius =25cm =0.25m 

Required Cycle Speed (v)=10kmph 

       Tricycle weight=50kg Rider Weight = 150 kg Total weight W =200kg. 

 

3.2 POWER CALCULATION 
 

Normal Reaction N1 on each tire =W/3=200/3  

Normal Reaction N1 = 

66.66 Kg = 654N 

(1 KILOGRAM = 9.81 NEWTON) 

FRICTION FORCE ACTING ON EACH TYRE F = μ N1 =0.3*654 =196.2N 

 

3.3 TORQUE REQUIREMENT 
 

T = F x r = 196.2*0.25 =49.05 Nm 

 

3.4 SPEED CALCULATIONS 
 

ω = v ÷ r =(10k/3600)/0.25 

ω = 11. 11 rad/sec 

 N =(60ω)÷ (2π) 

N = 106 rpm 

 

3.5 POWER REQUIREMENTS FOR RIDING TRICYCLE 
 

P = (2 π N T) ÷ 60 = 545 W 

The power required for riding the tricycle is 545 W. Hence a motor of lesser 

power of 550 W is selected. 

 

3.6 MOTOR RATING 
 

The total weight of the tricycle is 200 kg (including 

person). 

 Power (watts) = Total weight * g * speed *gradient 

Where 

        Total weight = 200 kg 
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Speed = 

25 kmph 

= 25 x 

5/18m/s 

 Gradient 

= slope 

(assume 

3%) 

Power (P) 

P = 200* 9.81* 25*5/18*0.03 

P = 408.75 watt 

Therefore power required 

approximately is 550watt. 

Thus a 48 Volt, 550 W 

motor will be enough for 

tricycle. 

 

3.7 SELECTION OF MOTOR 
 

Selection of motor depends on the power requirement i.e. 550W and the mode of 

driving. Two types of motors are available, mechanically commuted D C motor and 

Brushless electronically commuted D C motor (BLDC motor). Among these two 

types, BLDC motor is preferred because it provides noiseless operation, more 

efficient, gives under voltage and over voltage protection and waterproof. 

 

3.8 BATTERY SPECIFICATION 
 

Battery of voltage 48 V is selected 

and the current rating is calculated. 

Power = Voltage x Current 

P = V.I; 

I = P/V= 26 Ah. 

Hence according to the above calculations, to drive a motor of 550 W, 48 V 

capacities; 4 batteries of 12V, 26Ah are connected in series. The total voltage 

supplied to the motor is 48V. 

 

3.9 SELECTION OFBATTERY 
 

The required voltage and the power in the battery are 48 V and 550 W respectively. 

The voltage, current and power rating of the battery are taken into account in 

deciding the type of the battery. Two Li- ion Battery with 12 V and 26 amp-hour 

rating areused. 

 

3.10 SOLAR PANEL 
 

Rated maximum power= 320W  

Open circuit voltage =46.08 V  
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Short circuit current = 9.01A  

Maximum power tolerance = ±5% 

 

3.11COMPLETE HARDWARE OF SOLAR POWERED HYBRID 

TRICYCLE 
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HARDWARE DESCRIPTION 

 
3.12 BLDC MOTOR 

 
Why we choose BLDC motor…… 

The BLDC motor has several advantages over other motors. Table 1 and Table 2su 

mmarize the advantages of the BLDC motor when compared against a brushed DC 

motor and an AC induction motor. 
Table 1 — Comparison between BLDC motor and brushed DCmotor 

 

Feature BLDC 

Motor 

Brushed DC 

Motor 

Actual Advantage 

 

 

Commutation 

Electronic 

commutation 

based on 

rotor position 

information 

 

Mechanical brushes 

and commutator 

 

Electronic switches 

replace the mechanical 

devices 

Efficiency High Moderate 
Voltage drop on electronic 

device is smaller than that on 

brushes 

Maintenance Little/No

ne 

Periodic No brushes/commutator 

maintenance. 

 

Thermal 

performance 

 

 

Better 

 

 

Poor 

Only the armature windings 

generate heat, which is the stator 

and is connected to the outside 

case of the BLDC.;The case 

dissipates heat better than a rotor 

located inside of brushed DC 

motor. 

Output 

Power/ Frame 

Size (Ratio) 

 

High 
 

Moderate/Low 
Modern permanent magnet and no 

rotor losses. 

Speed/Torque 

Characteristics 
Flat Moderately flat No brush friction to reduce useful 

torque. 

Dynamic 

Response 
Fast Slow 

Lower rotor inertia because of 

permanent magnets. 

Speed Range High Low 
No mechanical limitation 

imposed by brushes or 

commutator 

Electric Noise Low High 
No arcs from brushes to generate 

noise, causing EMI problems. 

Lifetime Long Short No brushes and commutator 
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Table 2—Comparison between BLDC Motor and AC InductionMotor 

 

Feature BLDC 

motor 

AC induction 

motor 

Actual Advantage 

Speed/Torque 

Characteristics 

 

Flat 
Nonlinear — lower torque 

at lower speeds 

Permanent magnet design 

with rotor position 

feedback gives 

BLDChigher starting and 

low-speedtorque 

Output 

Power/ Frame 

Size (Ratio) 

High Moderate 
Both stator and rotor have 

windings for induction motor 

Dynamic 

Response 

Fast Low 
Lower rotor inertia because of 

permanent magnet 

Slip Between 

Stator And 

Rotor 

Frequency 

 

No 
Yes; rotor runs at a lower 

frequency than stator by 

slip frequency and slip 

increases with load on the 

motor 

 

BLDC is a synchronous motor, 

induction motor is an 

asynchronous motor 
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That’s why we choose the BLDC motor of rating 48v,550w based on the calculations 

which are done in the chapter 4. The BLDC motor which we are used in this project is 

shown in the below figure 6.1. 

 

 

 

Figure: 3.1 

 

 

 

3.13 MOTOR CONTROLLER 

A motor controller is a device or group of devices that serves to govern in some 

predetermined manner the performance of an electric motor, A motor controller might 

include a manual or automatic means for starting and stopping the motor, selecting 

forward or reverse rotation, selecting and regulating the speed, regulating or limiting the 

Parameter Value 

Rated power 550watts 

Rated voltage 48volts 

Rated speed 500rpm 

Full load current 13.4A 

No load current 2.2A 

Rated Torque 8kgcm 

Efficiency 75% 

No load speed  
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torque, and protecting against overloads and faults. Every electric motor has to have some 

sort of controller.  

      The motor controller will have differing features and complexity depending on the 

task that the motor will be performing. The simplest case is a switch to connect a motor to 

a power source, such as in small appliances or power tools. The switch may be manually 

operated or may be a relay or contactor connected to some form of sensor to 

automatically start and stop the motor. The switch may have several positions to select 

different connections of the motor. This may allow reduced-voltage starting of the motor, 

reversing control or selection of multiple speeds. Overload and over current protection 

may be omitted in very small motor controllers, which rely on the supplying circuit to 

have over current protection. Small motors may have built-in overload devices to 

automatically open the circuit on overload. Larger motors have a protective overload 

relay or temperature sensing relay included in the controller and fuses or circuit breakers 

for over current protection. An automatic motor controller may also include limit switches 

or other devices to protect the driven machinery. More complex motor controllers may be 

used to accurately control the speed and torque of the connected motor (or motors) and 

may be part of closed loop control systems for precise positioning of a driven machine. 

For example, a numerically controlled lathe will accurately position the cutting tool 

according to a preprogrammed profile and compensate for varying load conditions and 

perturbing forces to maintain tool position. Generally, all the motor controllers are micro-

controller based. Because of their higher performance; they perform high resolution 

control and minimize control loop delays . These efficient controls make it possible to 

reduce torque ripples and harmonics and to improve dynamic behavior in all speed 

ranges. 
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Figure 3.2 . Motor Controller 

            Smooth waveforms allow an optimization of power elements and input filters. 

Overall, these improvements result in a reduction of system cost and better reliability. 

Switching electric machines from ordinary digital Control to microcontroller significantly 

improves operating efficiency, saving energy while allowing the use of smaller motors. 

3.14  ACCELERATOR (THROTTLE) 

Accelerator is used to control the speed of vehicle by operating with hand. It is required to 

vary the speed depending upon the road conditions & traffic. Therefore an accelerator is 

necessary. Accelerator allows us to drive the motor from zero speed to fullspeed 

 

Figure 3.3. Accelerator 
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3.15 BATTERY INDICATION, LOCK AND HEAD LIGHT 

 

 

Figure 3.4. Indicator 

 Figure 6.4 shows the complete set of Battery indication, Lock and Head light. A 

set of cables are connected between the controller and this set of battery indication, lock 

and head light. The whole electrical system is activated after unlock the lock system by 

using key. The light is on/off by using the switch provided. The battery indication 

automatically on when we unlock the lock system. 

3.16 SOLAR PANEL 

 
Solar cells are the surface of that converts sunlight directly into electricity the 

semiconductor substances. This working principle solar cell produces a voltage at the 

ends depending on the amount of light falling. The voltage generated varies direct 

proportion to the amount of 

sunlight.Thebelowtableshowstechnicalspecificationofsolarpanel. We are using 

polycrystalline type of solar panel. This type of solar panels is mostly used.   
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Table 1 specifications of solar panel 

 

 

Figure 3.5. Solar Panel 

3.17 CHARGE CONTROLLER 

Charge controller is used to charge the battery which is used to run the solar trike. It takes 

inputs from solar panel and grid. The output of charge controller gives to battery. When 

solar energy is available the grid is automatically disconnected and charging of battery 

through grid is possible when there is no sun. there are mainly two types of charge 

controllers are available in the market. They are PWM and MPPT charge controller. But 

the MPPT charge controller mostly used. 

Parameter Value 

Rated max 

power 

320W 

Open circuit 

voltage 

46V 

Short circuit 

current 

9.01A 

Rated voltage 38.1V 

Rated current 8.39A 



 

77 
 

Table 3.1 is presents some specific pros and cons of both PWM and MPPT charge 

controllers. 

 

                              Table 3.1 Pros and Cons of Both Types of Controllers 

 PWM Controller MPPT Controller 

Pros 1/3 – 1/2 the cost of a MPPT 

controller. 

Highest charging efficiency 

(Especially in cool climates). 

Longer expected lifespan due to fewer 

electronic components and 

less thermal stress. 

Can be used with 60-cell panels. 

  

Smaller size Possibility to oversize array to 

ensure sufficient charging in 

Winter months. 

Controller cost is low, it is less 

Expensive 

30% more efficient than PWM 

Cons PV arrays and battery banks must 

be sized more carefully and may require 

more design experience. 

2-3 times more expensive than a 

comparable PWM controller. 

Cannot be used efficiently with 60- cell 

panels. 

Shorter expected lifespan due 

to more electronic components 

and 

greater thermal stress. 

Higher wiring cost and less efficient 

than MPPT 

Higher controller cost 
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3.18 BATTERY 

 

The batteries which we have used in our project are lithium ion batteries,which come 

under secondary category (rechargeable). Four batteries of 12V 26AH are used to supply 

power to 550w BLDC motor. 

There are certain battery parameters that you should be aware of, in order to select and 

specify for batteries. They are: 

Capacity: The battery capacity represents the maximum amount of energy that can be 

extracted from the battery under certain specified conditions. 

Units of battery capacity : Ampere – Hour(AH) 

C-rate:  A C-rate is a measure of the rate at which a battery discharged relative to its 

maximum capacity. 

PWM controller is used with off- grid 

modules. 

higher frequency charge control 

and 

suitable for more than 200W 

solar panel 
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                                                       Fig.7.6 : Battery 
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HARDWARE IMPLEMENTATION 

CONCLUSION 
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Step 1: Moulding the tricycle according to our requirement 

 

Step 2: ratings of the equipments are finalised. 

The ratings of the equipment is calculated in chapter 6. 

Step 3: order placement for the motor and batteries. 

According to calculated values we ordered the motor and batteries. 
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Step 4 : unboxing of the motor equipment.
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Step 5  : Testing of the motor kit by connecting it properly.
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Step 7: solar panel along with the charge controller 
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Step 8 : Welding process 

 

 

Step 9: Testing of the complete tricycle 
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CONCLUSION 

In the race to cut carbon emissions, global demand for clean, green technology and more 

sustainable modes of transport is rising. Once restricted to the industrial sector, 

worldwide interest in electrically powered, on-road vehicles, bikes and scooters is 

intensifying daily. Environmentally friendly, electrically powered vehicles are helping to 

reduce our reliance on fossil fuels. Political and social pressure to tackle climate change, 

protect the environment and create a more sustainable future has never been higher. 

Developing cleaner and greener  echnology is a key part of this. No longer an option, it’s 

a necessity. The development of affordable, nexhaustible and clean solar energy 

technologies will have huge longer-term benefits. It will increase countries’ energy 

security through reliance on an indigenous, inexhaustible and mostly importantly natural 

resources, enhance sustainability, reduce pollution, and keep prices fossil fuel low. These 

advantages are global. Thus our Hybrid Electric Vehicle, by harnessing wind and solar 

energy works eco-friendly and makes the world a much better place for safe driving. 
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PROJECT PROFORMA 

  

Classification of Project Application Product  Research Review 

     

 

Note: Tick Appropriate category. 

 

                                Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

 

                                                            Mapping Table 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based 

on level of mapping as follows:  

Project 

Outcomes 

                                    Programme Outcomes (POs) PSOs 

PO 

1 

PO 

2 

PO

3 

PO

4 

PO

5 

PO

6 

PO

7 

PO

8 

PO

9 

PO 

10 

PO 

11 

PO 

12 

PSO

1 

PSO

2 

Outcome 1 2 1 2 1 3 3 2 2 3 2 2 1 2 2 

Outcome 2 1 1 1 1 1 3 1 1 1 3 2 1 2 2 

Outcome 3 2 2 2 2 2 3 2 2 2 2 2 2 2 2 

Outcome 4 2 2 2 2 2 3 2 2 2 2 2 2 3 3 
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1-Slightly (Low) mapped 2-Moderately (Medium) mapped 3-Substantially (High) 

mapped  

 

 

 

Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization for the solution of complex engineering 

problems.  

2. Problem analysis: Identify, formulate, research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

 3. Design/development of solutions: Design solutions for complex engineering 

problems and design system components or processes that meet the specified needs with 

appropriate consideration for public health and safety, and cultural, societal, and 

environmental considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of t h e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

Modern engineering and IT tools, including prediction and modeling to complex 

engineering activities, with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal, and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice. 
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7. Environment and sustainability: Understand the impact of the professional 

engineering solutions in societal and environmental contexts and demonstrate the 

knowledge of, and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities 

and norms of the engineering practice. 

9. Individual and teamwork: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with 

the engineering community and with the society at large, such as, being able to 

comprehend and write effective reports and design documentation, make effective 

presentations, and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member 

and leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological 

change.  

 

Programme Specific Outcomes (PSO):  

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems  

 

2. Analyse, design and develop control systems, industrial drives and power systems 

using modern tools. 
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ABSTRACT

Self-Excited Induction Generators (SEIG) have recently emerged for wind energy

conversion in remote and rural areas due to many advantages as standalone induction

generator over Grid Connected Induction Generators. However, poor voltage and

frequency regulation under varying load and speed is the prime disadvantage of

standalone SEIG. Steady state analysis for such machines is important to understand

their behavior under varying operating conditions.

This project presents a detailed d-q model of SEIG using Matlab/Simulink which

contributes to the development of SEIG modeling with a limited complexity. From

the generalized d-q model, the effect of different constraints such as, variation of

prime mover speed, and excitation capacitor size, on the SEIG output built up process

have been addressed and analyzed.

III
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CHAPTER-1

INTRODUCTION

1.1 Introduction to SEIG:

The concept of self-excited induction generator (SEIG) has been known since the 30s

of the last century. After the first signs of the global energetic crisis, scientists and

researchers from all over the world have increased their interest in the SEIG for huge

potentials for renewable energy resource. The SEIGs are increasingly considered for

isolated applications micro-hydro and wind-turbine system. They are the most

suitable for remote area application since reduced unit cost, simplicity in operation,

ease in maintenance, and no extra excitation supply are the main advantage of using

the SEIG for electricity production. The stand-alone SEIG is basically an induction

machine which is driven by a prime mover, while an external capacitor is connected

across its stator terminals. The capacitor is required to build the air-gap flux, and to

provide any lagging reactive power demand of the load. The majority of the SEIG

load in remote area usually enriches with both static and dynamic loads. Although

considerable research works have been reported on various aspects of the SEIG, it is

largely limited to application of the SEIG feeding static loads . Very few of them have

focused on dynamic IM load. For example, an attempt to study the behavior of the

SEIG with the IM load has first shown but it was limited to steady-state analysis. The

transient analysis of the stand-alone SEIG with the IM load has been recently received

attentions. Because only few works have been reported, the transient interactions

between the SEIG and IM have to be further investigated. In this project, dynamic

simulations of the SEIG feeding IM load are carried out to investigate its performance

when the particular IM load is suddenly switched on. The implementation of SEIG,

IM load, and wind turbine models are demonstrated in the step-by-step manner

through Matlab/Simulink environment. The effects of switching the IM load on SEIG

voltage profiles are explored with various values of the excitation capacitor. The

dynamic performances of SIEG and IM with an aid of the extra paralleled-motor

capacitor are also discussed.
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1.2 Overview Of Wind Power Systems:

Figure 1.1 shows the general layout of a wind turbine nacelle. The generator is either

driven (in generation mode) or propelling (in motoring mode) the turbine blades

through a shaft. The gearbox can be used to facilitate the speed difference between

turbine and generator. The blade stall and pitch mechanisms are also involved to limit

the power as well as the turbine plane yawing and tilting. By these means, the blade

effective aerofoil cross section and thus the interface with wind pressure can be

controlled. The performance coefficients responding to different yaw angle and pitch

angle show significant variations.In addition, as the most dynamically efficient choice,

three blades connected through a hub with flanges is the commonly used topology in

the front of the nacelle. The flanges are designed to enable the pitch angle adjustment.

In most of the variable-speed wind systems, the high-efficiency operation always

relies on the wind speed information. As a result, the anemometer can be used as one

of the solutions. The basic function of the tower is to reach a higher position in order

to obtain more airstream and wind speed. The tower can be constructed in either soft

or stiff ways. A stiff tower has a natural frequency which lies above the blade passing

frequency. Soft towers are lighter and cheaper but have to withstand more movement,

and thus suffer from higher stress levels

FIG 1.1Wind power system nacelle
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There are a number of classifications that group the wind power systems into different

categories. According to the loads, grid integrated system and is landed system are

employed to feed power grid and isolated load, respectively. According to the

generators used, popular options are SCIG wind system, DFIG wind system, and

Permanent Magnet Synchronous Generator (PMSG) wind system. Other alternative

generator systems are also mentioned in the literature, such as brushless DFIGs

(BDFIG) system,direct-drive synchronous generator (DDSG) system, switched

reluctance generator (SRG) system, multiple-stage geared SCIG system, and

radial/axial/transversal-flux PM generator systems. These solutions generally require

relatively complex operation principle and equipment assembly. According to the

presence of the gear box, there are multistage gear box wind system, single-stage gear

box wind system, and direct drive wind system (without gear box) in where the

Synchronous Generator (SG) qualifies the system to have a simpler and more reliable

drive train. However, the lower generator speed, and thus larger torque, requires more

poles, larger diameter, and volume, and hence higher cost.

The most promising classifications in induction generator wind systems are

fixed-speed, limited-variable-speed, and variable-speed wind systems, according to

the operations of induction generator speed. Comparisons between these wind power

systems have been intensively conducted, based on different speed variation levels. A

summary of their advantages and disadvantages is presented in Table 1. The

fixed-speed concept has been successfully applied in SCIG wind systems. The drive

train applies multiple-stage gearbox and a SCIG is directly connected to the grid via a

transformer. To support the grid, external reactive power compensation and soft

starter are necessary [5,6]. The limited variable-speed system is an improved version

of the SCIG type but it uses a wound rotor induction generator instead, which allows

the stator to be connected to the grid, and the rotor to have a variable resistance

controlled by a power converter. Through the control of rotor resistance, the slip of

the generator is varied. The variable-speed system is a concept commonly used in

large power rating applications (>1.5 MW). Different combinations among DFIG,

SCIG, partial or full converters would lead to variable-speed operation systems. The

control system maintains the optimal generator speed, thus the optimal output power,

through controlling the generator currents and voltages. Due to the high efficiency

https://www.intechopen.com/
https://www.intechopen.com/
https://www.intechopen.com/
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and capability of Faults Ride Through (FRT), this type of wind power system

dominates the high-capacity power market nowadays.

Table 1.1 Comparison among different wind power systems
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1.3 Power Electronics Interface Typologies in Wind Power Systems
Power electronics is the key element enabling the regulation and conditioning of the

power, voltage, and frequency with high efficiency and flexibility. In addition, more

involvement of distributed power systems nowadays emphasizes the crucial role of

power electronics interface among energy generation, storage, and transmission.

Due to the developments in semiconductor switches and microprocessors, many

power electronics techniques have been developed during the past decades. Besides

the diode converters, line-commutated thyristor converters and self-commutated

IGBT/MOSFET converters are found applicable to wind power systems. The

line-commutated converters are generally used in high-power applications but they

are incapable of controlling the reactive power. The self-commutated converters are

able to transfer and control power bidirectionally because of the capability of

controllable switch turning-off. Nowadays, wind power systems, especially the

variable-speed wind power system, primarily rely on the converters that implement

full power control. Different converter topologies and combinations have been

successfully employed in this field, as shown in figure 1.2.

Figure 1.2 Commonly used power electronics converter topologies for wind power system ((a) diode and

line-commutated converter, combined with reactive power compensation; (b) diode and PWM VSI converter; (c)

diode and DC/DC chopper and PWM VSI converter; (d) back-to-back PWM VSI converter; (e) matrix converter)
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Due to the employment of diode rectifier, the topology in figure 1.2 is uncontrolled

and a thyristor inverter is used to regulate the generator speed through dc-link voltage

to obtain firing angle commands. Obviously, this scheme is simple for control and

costs less than self-commutated converter. More importantly, it is suitable for high

power rating applications.

However, the weakness is that extra reactive power compensation is required, which

contains a voltage source converter (VSC). The grid voltage may be regulated to

obtain reference current for the compensator and the control signal comes from the

regulation of the compensator current. To remove the compensator, a

self-commutated converter could be used to take the place of thyristor inverter, as

shown in fig1.2(b). Again, the regulation of dc-link voltage can provide current

reference, which is controlled to generate control signals for the PWM inverter.

Two self-commutated converters connected through a dc-link, as shown

in fig1.2(d), enable bidirectional power flow, which is the key to ensuring high

efficiency in motoring operation of generator. The FOC is applied on both sides of

converters based on d-q reference frame. The grid-side converter keeps a constant

dc-link voltage, while the generator-side converter is responsible for both active and

reactive power control. In the generator-side converter control, the d-axis current

could be set at zero to maximize the torque, while the q-axis current is derived from

power regulation.

An alternative topology fig 1.2(d) is shown in fig 1.2(c). where the generator-side

self-commutated converter is replaced by a diode rectifier connected to an

intermediate chopper. This configuration is impossible for bidirectional power flow

caused by the diode rectifier. But it can achieve a similar wide range of speed

variation as two self-commutated converters. The grid-side converter controls the

dc-link voltage for d-axis current reference and controls the reactive power for q-axis

current reference. The active power regulation and thus the speed control are carried

out to generate reference dc-link current. The duty cycle of chopper switch can be

obtained using current regulation. The converter configurations discussed are actually

multistage implementation of AC conversion. An intermediate DC stage is needed to

assist conversion and associated control.
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In recent years, such procedure has been investigated by a single-stage converter, the

matrix converter, which performs the energy transformation without help from a

bulky storage stage. The controllable switches are arranged in such a way that any

input phase may be connected to any output phase at any time. The matrix converter

may be applied to the DFIG system, like the topology in fig 1.2(e). According to the

stator flux FOC, the reactive and active power can be regulated by d- and q-axis

current, respectively. An alternative control strategy is by regulating the rotor winding

voltage to control the power factor (PF) and applying the double space vector PWM

technique . It is worth noting that the SCIG system has high starting currents. One

effective way to limit the starting current is by using the soft-starter that applies

thyristors to limit the RMS starter current below rated current. The starter is shorted

after the full load is reached. The torque peak can be decreased as well, which reduces

the gearbox pressure.

The high-efficiency energy conversion and full control of power exclusively rely on

the power electronic converter and the control scheme applied on. Consequently, the

broadly accepted total wind power system topologies subject to above power

electronics are reviewed as follows. Since the high-efficiency variable speed systems

are the primary focus, fig 1.3 summarizes the feasible variable-speed system

topologies, for induction generator systems as well as synchronous generator systems

for systematized purpose. Due to the low demand on the converter power rating of

approximately 30% of the total power rating, the DFIG with partial converter, shown

in fig1.3(a), is a widespread topology for wind power systems. Also, due to the

presence of a rotor-side converter, the rotor power is fed back to the grid without

dissipation in the resistor. Instead of a partial converter, PMSG or SCIG can be

connected to a full rating converter, as shown fig 1.3(b).

This topology has better grid FRT ability because the generator-side is totally

independent of the grid-side. However, the converter rating and loss are high. Fig

1.3(c) shows the direct drive system, which is aimed at removing the gearbox and

associated loss. The generator rotor is connected to the turbine shaft directly and runs

at the same very slow speed. Therefore, a high torque and a large machine radius are
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required to transfer the same amount of power. Fewer components enable less loss

and thus more reliable performance in this type of system.

To compromise between machine size and spinning speed, the single-stage gearbox,

shown in fig 1.3(d), is applied. Fig 1.3(e) shows the electrically excited synchronous

generator (EESG) system, which has a rotor-side converter to provide DC excitation

while the stator is connected to a full converter like the case in fig 1.3(c). Although

there is an increase in cost due to the extra winding for excitation and it also requires

more maintenance, the EESG could minimize the loss through controlling the flux via

rotor converter.

Fig 1.3 Commonly used wind power system typologies ((a) DFIG with partial/matrix converter; (b)

PMSG/SCIG with full converter; (c) direct drive; (d) PMSG with full converter and less stage gearbox; (e) EESG

direct drive)

https://www.intechopen.com/books/induction-motors-applications-control-and-fault-diagnostics/induction-generator-in-wind-power-systems
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1.4 Generation Control Schemes in Wind Power Systems:

SCIG and DFIG are used almost exclusively in the energy conversion stage of the

induction generator wind power system. The most commonly used system typologies

are SCIG directly connected into the power grid and DFIG fed by back-to-back

converter fig 1.3(a) and fig 1.3(d).The first topology implies a constant frequency and

voltage of the SCIG that establishes a fixed-speed operation. In such system, the

SCIG relies on the grid (or capacitor bank) to provide reactive power which is

necessary to build electromagnetic excitation for rotary field. The generating mode of

SCIG is triggered by driven torque which acts opposite to the generator speed within

the super-synchronous speed operation region. Due to the absence of the power

electronics interface, such system can only serve the grid support applications,

wherein just limited control (pitch angle control) can be applied.

The DFIG system, on the other hand, enables the flexible and efficient operations

with FOC applied on the rotor-winding-side power electronics interface. The FOC is

an instantaneous control that effectively manipulates the position-dependent variables,

such as torque and power, in induction generator wind power systems. By aligning a

particular space variable with d-axis, stator currents could be decoupled into flux

component and torque component in dq rotating frame. The currents can be thus

controlled separately like in DC motor drive. To implement the control in hardware,

PWM technique is generally employed based on Space Vector Modulation (SVM).

The SVM is based on space reference voltage vector and associated switching logics.

Any space vector can be comprised of vector sum of two adjacent voltage vectors,

and the duty cycles of three-phase voltages are calculated based on the dwelling time

of two voltage vectors. This is the method widely used in standard industry

applications.
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CHAPTER -2

WIND POWER GENERATION

2.1 Introduction to Wind Power Generation:

Wind power generation is increasingly becoming cost competitive of all the

environmentally clean and safe renewable energy sources. Fixed Speed wind power

generating systems have gained much popularity among the manufacturers and

developers in this field mainly due to the fact that fixed speed wind turbines choice of

generator Is Squirrel Cage Induction Generator. Unfortunately, the main disadvantage

of this generator is that instead of generating reactive power it absorbs reactive power

required for real power generation.

Two techniques to provide VAR requirements have been for Induction Generator,

namely:

1)Grid Connected Induction Generator (GCIG) and

2) Self-Excited Induction Generator (SEIG).

Induction Generator (GCIG) configuration, the generator draws its reactive power

from the grid which might have a negative impact on the grid voltage stability when it

is connected to a weak power grid.

The second method to provide reactive power (VAR) support is provided by

connecting appropriate capacitors across the terminals (SEIG principle) which

eliminates the need for absorbing reactive power from grid. When the capacitor banks

are connected across the stator terminals of an Induction Generator and the Induction

Generator is driven externally by a prime mover, the capacitor banks can provide the

magnetizing requirement of the Induction Generator. Initially, when the motor first

starts to run, the residual magnetism in the rotor circuit will induce a small induced

voltage across the stator terminals. If the induced voltage is sufficient, it will produce

a capacitive (leading) current flow. The magnetic flux produced by these currents will

further assist the residual magnetism in the rotor circuit leading to larger induced

voltage.
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This in turn increases the capacitive currents and resulting flux. The induced voltage

and capacitive currents continue to rise until the machine reaches the saturated

state[5]. At this operating point, the voltage and current continue to oscillate at a

given peak value and frequency. Therefore, for Self Excitation to occur these

conditions are necessary to have a sufficient residual magnetism in the rotor circuit.

Without residual magnetism in rotor no voltage will build up.

In addition, the capacitor banks should have the required size and capability to supply

the required excitation VAR.

The main disadvantages of Self-Excited Induction Generator compare to the Grid

Connected Induction Generator is that due to off grid mode of operation, the

generated terminal voltage and frequency are no longer grid dependent instead they

are dependent on factors such as load characteristics, excitation capacitance and prime

mover speed. Therefore, any variation in these factors will cause poor voltage and

frequency regulations. Understanding the terminal voltage build up process of SEIG

and its performance under steady state and dynamic condition is a crucial step toward

developing more efficient and competitive SEIG technology. To study and understand

the SEIG, it becomes extremely important to have more variety and less complexity in

models and simulation tools.

Several SEIG models have been proposed [7, 10, 12]. [12] has used iterative

technique to find the generated frequency during steady-state operation of SEIG and

Artificial Neural Network (ANN) to replace the piecewise linear approximation of

nonlinear Magnetizing reactance of Induction Generator. While, Artificial Neural

Network is proved to be more accurate in capturing the magnetizing behaviour of

Induction Generator than piecewise linear approximation, but using iterative

technique to find generated frequency is time consuming and to some extent

inaccurate. [10] performed the steady-state analysis with the aid of Genetic Algorithm

(GA), Pattern search (PS) and Quasi-Newton optimization tools in MATLAB. While

[7, 13] used the d-q model to investigate the steady state performance of SEIG.

However, these models are very accurate, but their complexity limits their usage. In

this project, SEIG Model and analysis of its performance under different operating

conditions is introduced. A step by step simple d-q model of SEIG is introduced with

the implementation of all the required model equations. The first part of this work
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presents a Matlab/Simulink model which contributes to the development of SEIG

modeling with a limited complexity. Since, terminal voltage and frequency depend on

prime mover speed, terminal capacitance and load, it is essential to perform the

steady-state analysis on such a machine in order to observe its behavior under varying

conditions and designing accordingly. a comprehensive study and analysis of SEIG

performance is also introduced in this paper. The study demonstrates how excitation

capacitance and prime mover speed affect the steady state performance of SEIG under

heavy resistive and inductive loads.

2.2 Line Diagram and Schematic Diagram Of SEIG:

Line Diagram Of SEIG:

Fig 2.1 Line Diagram of SEIG

Schematic Diagram of SEIG:

Fig 2.2 Schematic Diagram of Single phase SEIG
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2.3.Principle Of Operation of Induction Generators:

Induction machines are sometimes used as a generator. These are known as induction

generators or asynchronous generators. So under what conditions will an induction

machine will behave as an induction generator?

An induction machine will behave as an induction generator when:

 Slip becomes negative due to this the rotor current and rotor emf attains

negative value.

 The prime mover torque becomes opposite to electric torque.

Now let us discuss how we can achieve these conditions. Suppose that an induction

machine is coupled with the prime mover whose speed can be controlled. If the speed

of the prime mover is increased such that the slip becomes negative (i.e. speed of the

prime mover becomes greater than the synchronous speed).

Due to this, all the conditions that we have mentioned above will become fulfilled and

the machine will behave like an induction generator. Now if the speed of the prime

mover is further increased such that it exceeds the negative maximum value of the

torque produced then the generating efficiency of the generator vanishes. Clearly, the

speed of the induction generator during the whole operation is not synchronous,

therefore the induction generator is also called a Synchronous Generator.

An induction generator is not a self-excited machine. Therefore in order to develop

the rotating magnetic field, it requires magnetizing current and reactive power. The

induction generator obtains its magnetizing current and reactive power from the

various sources like the supply mains or it may be another synchronous generator.

An induction generator can’t work in isolation because it continuously requires

reactive power from the supply system. However, we can have a self-excited or

isolated induction generation if we use a capacitor bank for reactive power supply

instead of an AC supply system. We’ll now discuss isolated induction generators in

detail.
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2.4 Isolated Induction Generator:

This type of generator is also known as a self excited generator. Now why it is called

self-excited? It is because it uses a capacitor bank which is connected across its stator

terminals as shown in the diagram given below.

Fig 2.3 Model Diagram of 3-phase Induction Generator

Fig 2.4 Magnetizing curve of Induction Machine
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Fig 2.5 Voltage versus capacitor current w.r.t various capacitors

The function of the capacitor bank is to provide the lagging reactive power to the

induction generator as well as load. So mathematically we can write total reactive

power provided by the capacitor bank is equals to the summation of the reactive

power consumed by the induction generator as well as the load.

There is generation of small terminal voltage oa (as in figure given below) across the

stator terminal due the residual magnetism when the rotor of the induction machine

runs at the required speed. Due to this voltage oa the capacitor current ob is produced.

The current bc sends current od which generates the voltage.The cumulative process

of voltage generation continues till the saturation curve of the induction generator cuts

the capacitor load line at some point. This point is marked as f in the given curve.

Fig 2.6 Magnetising curve for Induction Machine for Load line capacitor
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CHAPTER -3

CLASSIFICATION OF INDUCTION GENERATORS

3.1 Types of Induction Generators

On the basis of rotor construction, induction generators are two types i) the wound

rotor induction generator and ii) squirrel cage induction generator. Depending upon

the prime movers used (constant speed or variable speed) and their locations (near to

the power network or at isolated places), generating schemes can be broadly classified

as under.

(A) constant-speed constant-frequency (CSCF)

(B) variable-speed constant-frequency (VSCF)

(C) variable-speed variable-frequency (VSVF)

A. Constant-Speed Constant Frequency

Induction generators are simpler than synchronous generators. They are easier to

operate, control, and maintain, do not have any synchronization problems, and are

economical. In this scheme, the prime mover speed is held constant by continuously

adjusting the blade pitch and/or generator characteristics [6]. An induction generator

can operate on an infinite bus bar at a slip of 1% to 5% above the synchronous speed.

B.Variable-Speed Constant Frequency

The variable-speed operation of wind electric system yields higher output for both

low and high wind speeds . This results in higher annual energy yields per rated

installed kW capacity. Both horizontal and vertical axis wind turbines exhibit this

gain under variable-speed operation. Popular schemes to obtain constant frequency

output from variable speed are as follow:
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1) AC–DC–AC Link: With the advent of high-powered thyristors and high voltage

DC transmission system, the ac output of the three-phase alternator is rectified by

using a bridge rectifier and then converted back to ac using line-commutated inverters.

They utilize an ac source (power lines) which periodically reverses polarity and cause

the commutation to occur naturally. Since the frequency is automatically fixed by the

power line, they are also known as synchronous inverters.

2) Double Output Induction Generator (DOIG): The double output induction

generator is described in literature[9]-[11].The DOIG consists of a three-phase wound

rotor induction machine that is mechanically coupled to either a wind or hydro turbine,

whose stator terminals are connected to a constant voltage constant frequency utility

grid. The variable frequency output is fed into the ac supply by an ac–dc–ac link

converter consisting of either a full-wave diode bridge rectifier and thyristor inverter

combination or current source inverter (CSI) thyristor converter link One of the

outstanding advantages of DOIG in wind energy conversion systems is that it is the

only scheme in which the generated power is more than the rating of the machine.

However, due to operational disadvantages, the DOIG scheme could not be used

extensively.

C. Variable-Speed Variable Frequency:

Since resistive heating loads are essentially frequency insensitive, the synchronous

generators can be affected at a variable frequency corresponding to the changing

derived speed. For this purpose SEIG can be conveniently used. This scheme is

gaining importance for stand-alone wind power applications .
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3.2 Self Excitation phenomenon and Voltage buildup in SEIG:

The self-excitation phenomenon of an induction machine is still under considerable

attention although it is known for more than a half century [13]–[23]. The self-excited

induction generator (SEIG) has attracted considerable attention due to its applicability

as a stand-alone generator using different conventional and nonconventional energy

resources with its advantages over the conventional synchronous generator. When a

standalone induction machine is driven by a mechanical prime mover, the residual

magnetism in the rotor of the machine induces an EMF in the stator windings at a

frequency proportional to the rotor speed.

This EMF is applied to the capacitors connected to the stator terminals and causes

reactive current to flow in the stator windings. Hence a magnetizing flux in the

machine is established. The final value of the stator voltage is limited by the magnetic

saturation within the machine. The induction machine is then capable of operating as

a generator in isolated locations without a grid supply.

From the circle diagram of the induction machine in the negative slip region, it is seen

that the machine draws a current, which lags the voltage by more than 90. This means

that real power flows out of the machine but the machine needs the reactive power. To

build up voltage across the generator terminals, excitations must be provided by some

means; therefore, the induction generator can work in two modes (i.e., grid connected

and isolated mode).

In case of a grid-connected mode, the grid-connected induction generator (GCIG)

takes its excitation from the lines and generates real power via slip control when

driven above the synchronous speed.

The operation is relatively simple as voltage and frequency are governed by the grid

voltage and grid frequency respectively. In case of isolated mode, the induction

generator draws reactive power by connecting a capacitor bank across the generator

terminals [24]. For an isolated mode, there must be a suitable capacitor bank

connected across the generator terminals.

This phenomenon is known as capacitor self-excitation and the induction generator is

called a “SEIG.” The process of voltage buildup in an induction generator is very
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much similar to that of a dc generator. When the rotor of induction generator is run,

the residual magnetism present in rotor iron creates a small emf. across stator

terminals. This voltage causes a capacitor current to flow. The flux due to current is

added with residual flux and generates a stator terminal voltage. This voltage

produces current in capacitor bank which then generates voltage.

This cumulative process continues till the intersection point between saturated

magnetization curve and capacitor load line. The intersection point gives no load

generated e.m.f.at the magnetizing current.

The voltage build process depends upon the capacitor value. Higher the value of

capacitance, greater is the voltage build up. In the absence of a proper value of

residual magnetism, the voltage will not build up. So it is desirable to maintain a high

level of residual magnetism, as it does ease the process of machine excitation.

The operating conditions resulting in demagnetization of the rotor (e.g., total collapse

of voltage under resistive loads, rapid collapse of voltage due to short circuit.

3.3 Performance Analysis of SEIG:

The performance analysis of self excited induction generator can be categorized in to

the following-

(i) Steady state analysis

(ii) transient analysis

(iii) Voltage control aspect

(iv) The parallel operation of SEIG.
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(i) Steady state analysis:

In an isolated power system, both the terminal voltage and frequency are unknown

and have to be computed for a given speed, capacitance, and load impedance.

Therefore both from the design and operational point of view, the steady state analysis

of SEIG is of great interest an algorithm to predict state performance of SEIG feeding

an induction motor .We have presented an approach to predict both minimum and

maximum values of capacitance required for self excitation of SEIG, based on Eigen

values present a general steady-state analysis of a three-phase self-excited induction

generator (SEIG)feeding a three-phase unbalanced load or single-phase load is

presented. Symmetrical component theory is used to obtain relevant performance

equations through sequence quantities. It presents a steady-state performance analysis

of a stand-alone three-phase induction generator self excited with unbalanced

capacitances and supplying unbalanced loads. Symmetrical components method is

used to reduce the complex three-phase generator-load system to a simple equivalent

passive circuit.

A function minimization technique is employed to solve this equivalent circuit in

order to determine the excitation frequency and magnetizing reactance.We have

examines the steady-state analysis and performance of an isolated three-phase

self-excited induction generator (SEIG) driven by regulated and unregulated turbine.

We presents a steady state analysis of three phase self-excited induction generator.

The problem is formulate has a multidimensional optimization problem. A

constrained optimizer is used to minimize a cost function of the total impedance or

admittance of the circuit of the generator to obtain the frequency and other

performance of the machine.We have used an iterative technique which uses an

approximate equivalent circuit and a mathematical model for B -H curve and the

solution is reduced to a nonlinear equation in present a scheme for calculation of

Steady state self-excitation voltages and frequencies for loaded and unloaded

operations ,taking into account the rotor parameter variations with the frequency.It

presents the modeling and steady-state performance of single-phase induction

generators based on the principles harmonic balance including Magnetizing flux

linkage saturation and flux dependent core loss resistances.
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(ii) Transient analysis:

The transient studies of induction generators are related to voltage buildup due to

self-excitation and load perturbation. To investigate the SEIG transient performance

under balanced condition, the D-Q model can be used. Many articles been presented

on the transient/dynamic analysis of self excited induction generator. It presents

transient performance of a stand-alone self-excited induction generator (SEIG) under

unbalanced excitation capacitors. An approach based on three-phase induction

machine model is employed to derive dynamic equations of an isolated SEIG under

unbalanced conditions The neutral points of both Y-connected excitation capacitor

bank and Y-connected stator windings of the SEIG is connected together though a

neutral line. We developed a generalized dynamic model of a delta-connected

three-phase self-excited induction generator (SEIG) using d-q variable in a stationary

reference frame and this model can handle symmetrical and unsymmetrical load and

capacitor configurations.It presents a transient analysis of a self-excited induction

generator (SEIG) with electronic load controller (ELC) used in stand-alone

micro-hydro power generation employing uncontrolled turbines.We proposed a

dynamic mathematical model to describe the transient behavior of a system of

self-excited induction generators (SEIGs) operating in parallel and supplying a

common load,the transient performance of a series-compensated three-phase

self-excited induction generator (SEIG) feeding a dynamic load such as a three-phase

squirrel-cage induction motor (IM) is discussed. Mathematical modeling and

simulation study of SEIG and an induction motor (SEIG-IM) combination is carried

out using MATLAB/Simulink a generalized state-space dynamic model of a three

phase SEIG has been developed using d-q variables in stationary reference frame for

transient analysis. The proposed model for induction generator, load and excitation

using state space approach can handle variable prime mover speed, and various

transient conditions e.g. load perturbation, switching states etc.
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(iii)Voltage control aspects:

The induction machine has no field windings; therefore the current to magnetize the

machine must be supplied by the system to which it is connected. Induction generator

has two major drawbacks. First is the need for reactive power support and other is

poor voltage regulation. Induction generators require the supply of reactive

power .Unbalanced reactive power operation results in voltage variation. We have

discussed a methodology to choose the appropriate value of capacitor for desired

regulation of short- shunt SEIG. We presented a method for computing the minimum

value of capacitance to initiate self excitation in SEIG. The method is based on the

steady state equivalent circuit, but features the separate consideration of the load and

excitation capacitance branches, which enables the frequency to be determined by

solving a single 4th order polynomial. We have shown that the minimum capacitance

requirement of SEIG is inversely proportional to the square of speed and maximum

saturated magnetizing reactance. A new strategy for controlling voltage and frequency

of a self excited induction generator (SEIG) is presented. An external excitation

circuit, comprising permanently connected capacitors and electronically switched

inductances is used. The external circuit allows to compensate for the generator

reactive demand. We have Presented the design of static

compensator(STATCOM)-based voltage regulator for self-excited induction

generators (SEIGs). To maintain constant terminal voltage, the required adjustable

reactive power can be provided by a STATCOM consisting of ac inductors, a dc bus

capacitor, and solid-state self-commutating devices. Selection and ratings of these

components are quite important for design and control of STATCOM to regulate the

terminal voltage of SEIG. In [50], the performance analysis of a static compensator

(STATCOM)-based voltage regulator for self-excited induction generators (SEIGs)

supplying nonlinear Loads, is discussed. A dynamic model of the SEIG–STATCOM

feeding nonlinear loads using stationary d−q axes reference frame is developed for

predicting the behavior of the system under transient conditions.
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(iii) Parallel Operation Of SEIG:

A stand alone SEIG is unlikely to supply energy demand of ordinarily growing loads

for long time. Thus, multiple generators operating in parallel may be required to

harvest the maximum energy available at a site. Parallel operation of induction

generator has the advantages of eliminating of the need for synchronization and of the

associated problem with hunting etc. The references [51]-[54] are available on parallel

operation of such units have proposed an Eigen value-based methodology to analyze

the dynamic performances of parallel-operated SEIG supplying an IM load.

Determination of minimum starting value of capacitance required for self-excitation is

analyzed .It describes two methods of analysis to control the common bus voltage of

any number of parallel self-exited induction generators, SEIG’s, under steady state

balanced conditions. The proposed methods are general and can be used for a single

or a group of SEIG’s employing similar or different machines with equal or unequal

prime movers speeds. SEIGs connected in parallel may lose excitation momentarily

owing to large transient currents caused by differences in individual instantaneous

voltages and frequency. This phenomenon cannot be easily simulated using the

conventional models because it has such a fast transient nature. An innovative and

automatic numerical solution for steady-state and transient analysis of any number of

SEIGs operating in parallel is presented [57].The effect of parameter variations on the

performance of parallel-connected SEIG operating in stand-alone mode[58].Effects of

parameter deviations on the power sharing, current sharing, VAR requirements, and

on the voltage regulation have been examined in this project.
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CHAPTER -4

MODELLING EQUATIONS OF SEIG

4.1 Dynamic Modelling Of SEIG:

To understand the dynamic model of SEIG the first step is to convert the 3-phase to

2-phase (d-q) model using Park’s transformation. The d-q equivalent circuit of a SEIG

connected to an inductive load is shown in Fig 4.1.

Fig 4.1 d-q Model of 3-phase Induction Generator Connected to an Inductive Load

All the parameters in the d-q equivalent circuit have been obtained experimentally and

can be used directly. However, for SEIG application the variation of the magnetizing

reactance Lm (or the saturation characteristic of the magnetic core) with voltage

should be taken into consideration. Transforming the machine model to d-q axis has

changed the machine parameters from time varying to time independent quantities

which can be numerically solved. The instantaneous voltages and currents of the

SEIG during the self excitation process are presented in Equation 1 shown below.

4.2 Modeling Equations of SEIG:

The parameters Ls and Lr are the leakage inductances of the stator and rotor,

respectively. RS and Rr are the resistances of stator and rotor windings respectively.

R and L are the load resistance and inductance respectively. wr is the rotor speed. C is

the excitation capacitor.
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The variation of the magnetizing inductance is the main factor in the dynamics of the

voltage build up and stabilization in SEIGs. The relationship between magnetization

inductance Lm , and the magnetization current for each induction machine was

obtained experimentally by driving the induction machine at synchronous speed. The

relationship between the magnetizing inductance and the magnetizing current for the

machine that has been used in this project is shown in Equation2 shown below.
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The electromagnetic torque developed by the generator is given by Equation 3 shown

below.

M = Lm is the magnetizing inductance, and P is number of poles.Ids,Iqs,Idr,Iqr are the

components of stator and rotor currents on d-q axis. The magnetizing current is given

by Equation 4 shown below.

For an inductive load conditions, the state equations that describe the voltage across

the load terminals of the generator to the current through any RLC load is shown

below.
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For the quadrature axis the load voltage is given by equation 7 shown below.

The direct and the quadrature currents through the load are given by (8) and (9)
shown below .

The stator voltage on both d and q axis are given by (10) and (11) shown below.

Self excited induction generator with an inductive load can be established by
implementing the state equations from (1) to (11).
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CHAPTER-5

PROPOSED WORK

5.1 Simulink/Matlab Model Of SEIG:

Matlab/Simulink is a powerful software tool for modeling and simulation. The

equations (1) to (11) has been implemented in Matlab/Simulink. All the

Matlab/Simulink implementation ia shown in Fig.5.1.

Simulink Model of SEIG:

Fig 5.1 Simulink model of SEIG
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Subsystem of SEIG:

Fig 5.2 Subsystem of SEIG

FIG 5.3 SIMULINK IMPLEMENTATION OF SEIG
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Capacitor Subsystem:

Fig 5.4 Capacitor Subsystem

5.2 Specifications Of SEIG In MATLAB:

clear; %Warning,will clear your workspace..

T = 30; %Total simulation time, sec..

Ts = 1e-4; %Sampling period, sec..

sim_t = 0:Ts:T %Linespace..

ln=length(sim_t); %length of data points..

f = 60; %System frequency, Hz..

w=2*pi*f; %ln rad/sec…

Lm = 0; %Mutual inductance, H…

Ls = 3.49/w; %Leakage inductance of a stator, H…
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Lr = Ls; %Leakage inductamce of rotor, H…

Rs = 0.696 %Resistance of a Stator, Ohm..

Rr = 0.743; %Resistance of a rotor, Ohm..

Lsm = Ls; %Temporary variables..

Lrm = Lr; %Temporary variables..

Wg = 385; %Rotor-Coupled-Shaft Speed in rad/sec..

P=4; %Number of poles..

Td = 15; %Drive-Shaft-Torque..(N-m)

J = 0.2; %Inertia of rotor…(kg-m2)

Rl = 150; %Load resistance (RL load),Ohms..

Ll = 50e-3; %Load inductance (RL load), H…

Vds = 0.5; %Stator Remnant flux (load) – d – axis…

Vqs = 0.5 %Stator Remnant flux (load) – q –axis…

C = 57e – 6; %Capacitor for self excitation , F

Ki = 0.21; %Integration – Current Input Gain (Trial/Error)…

Kv = 0.29; %Integration – Voltage Input Gain (Trial/Error)…

Kw = J/w; %Integration – Speed Input Gain (Trial/Error)…

lds = zeros(ln,1); %Stator current, d – axis….

lqs = zeros(ln,1); %Stator current, q – axis….

ldr = zeros(ln,1); %Rotor current, d – axis…

lqr = zeros(ln,1); %Rotor current, q – axis…

Vcd= zeros(ln,1); %Excitation Volts, d – axis…
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Vcq = zeros(ln,1); %Excitation Volts, q – axis….

lid = zeros(ln,1); %Load Current, d – axis…

liq = zeros(ln,1); %Load Current, q-axis….

for k = 2:ln;

m = k-1;

%torque and speed Equations…

%electromagnetic Torque….

Te = (3/2)*(P/2)*Lm*(lds(m)*lqr(m)-lqs(m)*ldr(m));

Wg = Wg +Kw*Ts*(P/(2*J))*(Td – Te);

%Current Equations…

G = 1/(Lm^2-Ls*Lr);

lds(k) = lds(m) + ki*Ts*G*(Lr*Rs*lds(m)-Wg*Lm^2*lqs(m)-Lm*Rr*ldr(m)-

Wg*Lm*Lr*lqr(m) + Lr*Vcd(m)-Lm*Vds);

lqs(k) = lds(m) + ki*Ts*G*( Wg*Lm^2*lqs(m)+ Lr*Rs*lds(m)+Wg*Lm*Lr*ldn(m)-

Lm*Rr*lqr(m) + Lr*Vcq(m)-Lm*Vqs);

ldr(k) = ldr(m) + Ki*Ts*G*(-Lm*Rs*lds(m) + Wg*Lm*Ls*lqs(m)+Ls*Rs*ldr(m) +

Wg*Lr*Ls*lqr(m) – Lm*Vcd(m)+ Ls*Vds);
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lqr(k) = ldr(m) + Ki*Ts*G*(- Wg*Lm*Ls*lds(m) -Lm*Rs*lqs(m)-

Wg*Lr*Ls*ldr(m) +

Ls*Rs*lqr(m) – Lm*Vcq(m)+ Ls*Vqs);

% Developed voltage across Terminals/Capacitors…

Vcd(k) = Vcd(m) + Kv*Ts*(lds(k) - ||d(m))//(C);

Vcq(k) = Vcq(m) + Kv*Ts*(lqs(k) - ||q(m))//(C);

%Load Curent…..

||d(k) = ||d(m) + Ki*Ts*(Vcd(k)/Ll – Rl/Ll*||d(m));

||q(k) = ||q(m) + Ki*Ts*(Vcq(k)/Ll – Rl/Ll*||q(m));

%Magentizing Current…

lm = sqrt((lds(k) + ldr(k))^2 + (lqs(k) + lqr(k))^2);

%Magnetizing Inductance….

Lm = 0.0205 + 0.00053*lm – 0.0023*lm^2+ 0.0001*lm^3;

%Lm = 1.1*(0.025 + 0.2974*exp(-0.00271*lm);
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%Leakage Inductance of Stator and rotor (refered to stator side)…

Ls = Lm + Lsm;

Lr = Lm + Lrm;

end

%plot(sim_t,Vcd);

Vabc = dq0_abc(Vcd,Vcq,f,T); % SEIG Terminal Voltage..

Iabc = dq0_abc(Ids,Iqs,f,T); % SEIG Phase Curents…

||abc = dq0_abc(||d,||q,f,T); % Load Currents…

plot(sim_t,Vabc);

title(‘SEIG VOLTAGE’);

xlable(‘Time(sec));

ylabel(‘Voltage(V)’);

grid on
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CHAPTER-6

SIMULATION RESULTS

6.1 Types of Operations of SEIG:

We took the simulation results of two types of operations of the self excited induction

Generator and in took results in self excitation capacitance effect

1. Fixed Wind Speed- Variable Load Operation(FSVL)

2. Variable Wind Speed-Fixed Load Operation(VSFL)

3. Self Excitation Capacitance Effect

In FSVL operation of SEIG the wind speed is made constant to 340 rad/sec for all

loads.Voltages are noted and outputs are pictured for different load

conditions.Considering change is load in per units of maximum capacity.

In this project we tabulated with constant wind speed 340 rad/sec and for different per

unit loads as shown in table 6.1

In VSFL operation of SEIG the load is made constant to particular per unit value

assuming 1 p.u.But the wind speed is changed to different speeds and voltage at

different speeds are tabulated and pictured.

In this project we tabulated with constant load 1 p.u and for different wind speeds as

shown in table 6.3

In Self Excitation Capacitance Effect the excitation capacitances are changed for

particular wind speed and load the voltage outputs are tabulated and pictured.

In this project we tabulated with constant load 1 p.u and for constant wind speed 310

rad/sec as shown in table 6.4.
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6.2. Simulated Results of Fixed Wind Speed-Variable Load:

Table 6.1 Simulation Results of FSVL Operation of SEIG

S.NO GENEREATOR

SPEED[WG]

IN (rad/sec)

CAPACITOR

[C]

IN (farads)

ACTIVE LOAD

IN (p.u)

RMS STATOR VOLTAGE
IN

(volts)

1. 340 57e-6 1 327.1596

2. 340 57e-6 5 322.1758

3. 340 57e-6 10 318.8340

4. 340 57e-6 20 314.8754

5. 340 57e-6 30 308.3936

6. 340 57e-6 50 283.89074

7. 340 57e-6 60 249.9460

8. 340 57e-6 75 ` 187.8825
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WITH INCREASING LOAD THE VOLTAGE IS NOT BUILDING UP FROM THERE
OBSERVING THE RESULTS OF VOLTAGE BY INCREASING THE EXCITATION
CAPACITOR TO 65e-6 F AS SHOWN IN TABLE 6.2.

Table 6.2 Simulation Results of FSVL Operation for 65e-6 capacitance of SEIG

S.NO GENEREATOR

SPEED[WG]

IN (rad/sec)

CAPACITOR

[C]

IN (farads)

ACTIVE LOAD

IN (p.u)

RMS STATOR VOLTAGE
IN

(volts)

1. 340 65e-6 30 330.396

2. 340 65e-6 50 316.90

3. 340 65e-6 60 292.60

4. 340 65e-6 75 ` 244.68
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6.3 Simulated results of variable speed and fixed load:

In VSFL operation of SEIG the load is made constant to particular per unit value

assuming 1 p.u.But the wind speed is changed to different speeds and voltage at

different speeds are tabulated and pictured.

In this project we tabulated with constant load 1 p.u and for different wind speeds as

shown in table 6.3.

Table 6.3 Simulation Results of VSFL Operation of SEIG

S.NO GENEREATOR

SPEED[WG]

IN (rad/sec)

CAPACITOR

[C]

IN (farads)

ACTIVE LOAD

IN (p.u)

RMS STATOR VOLTAGE
IN

(volts)

1. 340 57e-6 1 327.15

2. 330 57e-6 1 299.42

3. 310 57e-6 1 246.82

4. 300 57e-6 1` 31.768
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6.4 Simulation results at variable excitation capacitances:

In Self Excitation Capacitance Effect the excitation capacitances are changed for

particular wind speed and load the voltage outputs are tabulated and pictured.

In this project we tabulated with constant load 1 p.u and for constant wind speed 310

rad/sec as shown in table 6.4.

Table 6.4 Simulation Results of Self Excitation Capacitance effect of SEIG

S.NO FIXED GENEREATOR

SPEED[WG]

IN (rad/sec)

CAPACITOR

[C]

IN (farads)

ACTIVE LOAD

IN (p.u)

RMS STATOR VOLTAGE
IN

(volts)

1. 310 65e-6 1 287.3

2. 310 90e-6 1 332.84

3. 310 75e-6 1 304.68

4. 310 87e-6 1 ` 327.68
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6.5 Generated voltage output results:

Voltage at 1 p.u load and 340 rad/sec wind speed and excitation capacitance of

57e-6 F

Fig 6.1 Generated voltage output of SEIG for FSVL Operation

Voltage at 10 p.u load and 340 rad/sec wind speed and excitation capacitance of

57e-6 F.

Fig 6.2 Generated voltage output of SEIG for VSFL Operation
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By increasing load the voltage generated drops down as shown in fig 6.3.

Fig 6.3 Generated voltage output of SEIG for FSVL Operation for higher loads

Self excitation capacitance effect voltage output for 1 p.u load with 65e-6F

capacitance as shown in fig 6.4

Fig 6.4 Voltage generated for Self excitation Capacitance effect
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CHAPTER-7

APPLICATIONS, PROS&CONS OF SEIG

7.1 Applications of Induction Generators:

Let us discuss application of induction generator: We have two types of induction

generator let us discuss the application of each type of generator separately:

Externally excited generators are widely used for regenerative breaking of hoists

driven by the three phase induction motors.

Self-excited generators are used in the wind mills. Thus this type of generator helps in

converting the unconventional sources of energy into electrical energy.

Now let us discuss some disadvantages of externally excited generator:

 The efficiency of the externally excited generator is not so good.

 We cannot use externally excited generator at lagging power factor which

major drawback of this type of generator.

 The amount of reactive power used to run these types of generator required is

quite large.

7.2 Advantages of Induction Generators:

 It has robust construction requiring less maintenance

 Relatively cheaper

 Small size per kW output power (i.e. high energy density)

 It runs in parallel without hunting

 No synchronization to the supply line is required like a synchronous generator.

7.3 Disadvantages of Induction Generators:

 It cannot generate reactive volt amperes. It requires reactive volt
amperes from the supply line to furnish its excitation.
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CHAPTER -8

CONCLUSION

Even though, tremendous literature is available on modeling of self-excited induction

generator, a lack of d-q model variety has been noticed especially in terms of the

simplicity of the implementation. In this project, a detailed d-q model of SEIG is

presented using Matlab/Simulink which contributes to the development of SEIG

modeling with a limited complexity. The proposed model is much simpler from the

implementation point of view. Since, terminal voltage and frequency depend on prime

mover speed, excitation capacitor and load, it is essential to perform the steady-state

analysis on such a machine in order to observe its behavior under varying conditions

and designing accordingly. Therefore, a comprehensive study and analysis of SEIG

performance is also introduced in this project. The study demonstrates how excitation

capacitance and prime mover speed affect the steady state performance of SEIG under

heavy resistive and inductive loads. The steady-state analysis of Self-Excited

Induction Generator was performed based on the proposed model is faster and simpler

than conventional models used such as Genetic Algorithm (GA). The results have

shown that the value of the excitation capacitor must be well calculated in order to

assure a successful starting of the SEIG. Furthermore, it was concluded that

self-excited induction generator has a critical excitation capacitor size at constant

rotor speed. The output voltage magnitude follows the variation of the rotor speed,

decreasing the rotor speed will lead to decrease the output voltage. This demonstrates

the voltage regulation problem of the SEIG when it is used for wind application (rotor

speed varying with wind speed varying). The output build up voltage process follows

the variation of the magnetizing inductance. The relationship between the

magnetizing inductance and the magnetizing current has to be taken into account to

derive the magnetizing inductance.
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                                            ABSTRACT  
               

            

 Car parking is a major problem in urban areas in both developed and developing 

countries. Following the rapid incense of car ownership, many cities are suffering from 

lacking of car parking areas with imbalance between parking supply and demand which can 

be considered the initial reason for metropolis parking problems. This imbalance is partially 

due to ineffective land use planning and miscalculations of space requirements during first 

stages of planning. Shortage of parking space, high parking tariffs, and traffic congestion 

due to visitors in search for a parking place.so as a solutionan IOT based Car Parking Slots 

monitoring system using Arduino, Nodemcu esp8266 wifi module and Blynk application is 

used. 

                In this project, a Nodemcu esp8266 wifi module and Blynk application  With the 

help of Nodemcu esp8266 wifi module and Blynk application, the parking slots can be 

monitored . in this two parkings have been taken and Each Parking has 3 Slots and every 

slot has one infrared sensor. So we have total of 6 infrared sensors. Each sensor is used to 

detect the presence of Car in the Slot. These infrared sensors are connected with the 

Arduino. So when a Car is parked in the slot, the Arduino sends a command to the 

Nodemcu esp8266 wifi module, then Nodemcu then sends the command to the Blynk 

application.so when a blink is on in a slot,it indicates that there is a car parked in that slot. 
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CHAPTER 1 

    

INTRODUCTION 

 
A smart city is a municipality that uses information and communication technologies 

(ICT) to increase operational efficiency, share information with the public and improve 

both the quality of government services and citizen welfare.While the exact definition 

varies depending on whom you talk to, the overarching mission of a smart city is to 

optimize city functions and drive economic growth while improving quality of life for its 

citizens using smart technology and data analysis. Value is given to the smart city based on 

what they choose to do with the technology, not just how much technology they may have. 

There are some characteristics used to determine a city's smartness. These characteristics 

include: 

• Technology-based infrastructure; 

• Environmental initiatives; 

• High functioning public transportation system; 

• A confident sense of urban planning and 

• Humans to live and work within the city and utilize its resources. 

• Smart city technology 

Smart cities use a combination of the internet of things (IoT) devices, software 

solutions, user interfaces (UI) and communication networks. However, they rely first and 

foremost on the IoT. The IoT is a network of connected devices -- such as vehicles, sensors 

or home appliances -- that can communicate and exchange data. Data collected and 

delivered by the IoT sensors and devices is stored in the cloud or on servers. The 

connection of these devices and use of data analytics (DA) facilitates the convergence of 

the physical and digital city elements, thus improving both public and private sector 

efficiency, enabling economic benefits and improving citizen's lives. 
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      Fig 1:Smart city 

 

The IoT devices sometimes have processing capabilities called edge computing. Edge 

computing ensures that only the most important and relevant information is communicated 

over the communication network. 

• Other smart city technologies include: 

• Application programming interfaces (APIs) 

• Artificial intelligence (AI) 

• Cloud computing 

• Dashboards 

• Machine learning (ML) 

• Machine to machine (M2M) 

• Mesh network 

 

1.1 PURPOSE OF SMART CITY:  

Smart cities utilize their web of connected IoT devices and other technologies to 

achieve their goals of improving the quality of life and achieving economic growth.  
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Successful smart cities follow four steps: 

• Collection - Smart sensors throughout the city gather data in real time. 

• Analysis - Data collected by the smart sensors is assessed in order to draw 

meaningful insights. 

• Communication - The insights that have been found in the analysis phase are 

communicated with decision makers through strong communication networks. 

• Action - Cities use the insights pulled from the data to create solutions, optimize 

operations and asset management and improve the quality of life for residents. 

The primary goal of a smart city is to create an urban environment that yields a high 

quality of life to its residents while also generating overall economic growth. Therefore, a 

major advantage of smart cities is their ability to facilitate an increased delivery of services 

to citizens with less infrastructure and cost. 

As the population within cities continues to grow, it becomes necessary for these urban 

areas to accommodate the increasing population by making more efficient use of their 

infrastructure and assets. Smart city applications can enable these improvements, advance 

city operations and improve the quality of life among residents. 

Smart city applications enable cities to find and create new value from their existing 

infrastructure. The improvements made facilitate new revenue streams and operational 

efficiencies, helping governments and citizens save money. 

  

While many cities across the world have started implementing smart technologies, a few 

stand out as the furthest ahead in development. These cities include:  

➢ Kansas City, Missouri. 

➢ San Diego, California. 

➢ Columbus, Ohio. 

➢ New York City, New York. 

➢ Toronto, Canada. 

➢ Vienna,Austria. 

➢ Barcelona,Spain. 

➢ Tokyo,Japan. 

➢ Hong Kong, China. 
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1.2 NEED OF SMART CAR PARKING SYSTEM: 

          Due to proliferation in the number of vehicles on the road,traffic problems are 

bound to exist .This is due to on the fact that the current transportation infrastructure 

and car park facility developed are unable to cope with the influx of  vehicles on the 

road . To alleviate the aforementioned problems , the smart parking system has  been 

developed .With the implementation of the smart parking system ,patrons can easily 

notice the available spaces for parking at any place by viewing in their smart phones. 
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   CHAPTER 2 

                             

                      BLOCK DIAGRAM AND EXPLANATION  

 

2.1 Block diagram: 

 

 

         Fig2: block diagram  

 

2.2 Working: 

 

➢ As infrared sensors have 3 pins; the middle of the IR sensor which is the VCC; was 

connected  to 5V pin on the Arduino. 

➢ The signal pin on the IR sensor was connected  to pin 8 on the Arduino. 

➢ The negative wire on the IR sensor was connected to GND on the Arduino.  

➢ So as there are 6 sensors;6 digital pins are used on arduino (1,4,5,6,7,8 ) as digital 

inputs. 

➢ The output can be viewed in two ways depending on the location of user. 

➢ One from led position(on/off),other one is from blink application.if the user can able 

to view the paking area with his/her eyes,then just led application is sufficient. 

➢ Else if he/she is far from parking area then they can use blink application in their 

smart phones. 
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Fig 3: Circuit diagram 

 

➢ The output can be viewed in two ways depending on the location of user.one from 

led position(on/off),other one is from blink application.if the user can able to view 

the paking area with his/her eyes,then just led application is sufficient.else if he/she 

is far from parking area then they can use blink application in their smart phones. 

➢ The anode of led’s are connected to Arduino uno board from 9 to 12 and A0,A1 

which are programmed as digital inputs. The cathodes are connected to ground line. 

These led’s are displayed on the top of the parking area,so that it is visible to users. 

➢ The  node mcu esp8266 wifi module is connected to Arduino uno at 2,3 

pins by its transmitter and receiver pins (tx,rx).the circuit is powered up by 

connecting power bank to Arduino uno and   node mcu esp8266 wifi 

module by using appropriate cables.  
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➢ The remaining part: led’s and IR sensors are supplied through Vcc and ground 

pins of arduino uno  board. 

➢ So whenever any car sized vehicle comes to the vacant parking place,the 

indication can be given by: 

(1)The led corresponding to that slot and parking place will glows 

(2)The blink app will indicate an bubble shaped dot(or other any convenient 

means) in smart phones.     
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CHAPTER 3 

COMPONENTS REQUIRED AND THEIR DESCRIPTION 

 

3.1 Components required: 
 

➢ Arduino uno board 

➢ Node mcu esp8266 wifi module 

➢ Infrared sensor 

➢ Light emitting diode 

➢ Usb to micro usb cable 

➢ Cable connectors 

➢ Pcb board 

➢ Jumper wires 

3.2 Component description: 

 

1. ARDUINO UNO BOARD:  

 

 

.  

 

Fig4:  Arduino uno lay out 
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    Table 1: Arduino Uno Technical Specifications 

 

1.Power USB: 

 Arduino board can be powered by using the USB cable from your computer. All you need 

to do is connect the USB cable to the USB connection . 

2.Power (Barrel Jack):  

Arduino boards can be powered directly from the AC mains power supply by connecting it 

to the Barrel Jack.  

3.Voltage Regulator:  

The function of the voltage regulator is to control the voltage given to the Arduino board 

and stabilize the DC voltages used by the processor and other elements. 

Microcontroller ATmega328P – 8 bit AVR family microcontroller 

Operating Voltage 5V 

Recommended Input Voltage 7-12V 

Input Voltage Limits 6-20V 

Analog Input Pins 6 (A0 – A5) 

Digital I/O Pins 14 (Out of which 6 provide PWM output) 

DC Current on I/O Pins 40 mA 

DC Current on 3.3V Pin 50 mA 

Flash Memory 32 KB (0.5 KB is used for Bootloader) 

SRAM 2 KB 

EEPROM 1 KB 

Frequency (Clock Speed) 16 MHz 
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4.Crystal Oscillator: 

The crystal oscillator helps Arduino in dealing with time issues. How does Arduino 

calculate time? The answer is, by using the crystal oscillator. The number printed on top of 

the Arduino crystal is 16.000H9H. It tells us that the frequency is 16,000,000 Hertz or 16 

MHz. 

5,17.Arduino Reset: 

 You can reset your Arduino board, i.e., start your program from the beginning. You can 

reset the UNO board in two ways. First, by using the reset button (17) on the board. 

Second, you can connect an external reset button to the Arduino pin labelled RESET (5). 

6,7,8,9.Pins (3.3, 5, GND, Vin): 

➢ 3.3V (6) − Supply 3.3 output volt 

➢ 5V (7) − Supply 5 output volt 

➢ Most of the components used with Arduino board works fine with 3.3 volt and 5 

volt. 

➢ GND (8)(Ground) − There are several GND pins on the Arduino, any of which can 

be used to ground your circuit. 

➢ Vin (9) − This pin also can be used to power the Arduino board from an external 

power source, like AC mains power supply. 

10.Analog pins: 

The Arduino UNO board has six analog input pins A0 through A5. These pins can read the 

signal from an analog sensor like the humidity sensor or temperature sensor and convert it 

into a digital value that can be read by the microprocessor. 

11.Main microcontroller: 

Each Arduino board has its own microcontroller (11). You can assume it as the brain of 

your board. The main IC (integrated circuit) on the Arduino is slightly different from board 

to board. The microcontrollers are usually of the ATMEL Company. You must know what 

IC your board has before loading up a new program from the Arduino IDE. This 
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information is available on the top of the IC. For more details about the IC construction 

and functions, you can refer to the data sheet. 

11.CSP pin: 

Mostly, ICSP (12) is an AVR, a tiny programming header for the Arduino consisting of 

MOSI, MISO, SCK, RESET, VCC, and GND. It is often referred to as an SPI (Serial 

Peripheral Interface), which could be considered as an "expansion" of the output. Actually, 

you are slaving the output device to the master of the SPI bus. 

12.Power LED indicator: 

This LED should light up when you plug your Arduino into a power source to indicate that 

your board is powered up correctly. If this light does not turn on, then there is something 

wrong with the connection. 

13.TX and RX LEDs: 

On your board, you will find two labels: TX (transmit) and RX (receive). They appear in 

two places on the Arduino UNO board. First, at the digital pins 0 and 1, to indicate the pins 

responsible for serial communication. Second, the TX and RX led (13). The TX led flashes 

with different speed while sending the serial data. The speed of flashing depends on the 

baud rate used by the board. RX flashes during the receiving process. 

14.Digital I/O: 

The Arduino UNO board has 14 digital I/O pins (15) (of which 6 provide PWM (Pulse 

Width Modulation) output. These pins can be configured to work as input digital pins to 

read logic values (0 or 1) or as digital output pins to drive different modules like LEDs, 

relays, etc. The pins labeled “~” can be used to generate PWM. 

15.AREF: 

AREF stands for Analog Reference. It is sometimes, used to set an external reference 

voltage (between 0 and 5 Volts) as the upper limit for the analog input pins. 

Installation: 

To install in a computer the following steps are to be used in computer: 

➢ Download Arduino IDE Software, select your software, which is compatible with 

your operating system (Windows, IOS, or Linux). 
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➢ Launch Arduino IDE find the application icon with an infinity label 

(application.exe). Double-click the icon to start the IDE. 

➢ Open your first project 

➢ To create a new project, select File → New. 

➢ To open an existing project example, select File → Example → Basics → Blink. 

➢ Select your Arduino board 

➢ Select your serial port 

➢ Upload the program to your board. 

Arduino programs can be divided in three main parts: Structure, Values (variables and 

constants), and Functions.  

Software structure consist of two main functions − 

➢ Setup( ) function:  The setup() function is called when a sketch starts. Use it to 

initialize the variables, pin modes, start using libraries, etc. The setup function will 

only run once, after each power up or reset of the Arduino board. 

➢ Loop( ) function: It does precisely what its name suggests, and loops consecutively, 

allowing your program to change and respond. Use it to actively control the 

Arduino board. 

➢ Delay () function: The way the delay() function works is pretty simple. It accepts a 

single integer (or number) argument. This number represents the time (measured in 

milliseconds). 

➢ millis () function: This function is used to return the number of milliseconds at the 

time, the Arduino board begins running the current program 

➢ micros () function: This function returns the number of microseconds from the 

time, the Arduino board begins running the current program. This number 

overflows i.e. goes back to zero after approximately 70 minutes 

     Arduino pins are by default configured as inputs, so they do not need to be               

explicitly declared as inputs with pinMode() when you are using them as inputs. Pins 

configured this way are said to be in a high-impedance state. Input pins make 

https://www.tutorialspoint.com/arduino/arduino_delay_function.htm
https://www.tutorialspoint.com/arduino/arduino_millis_function.htm
https://www.tutorialspoint.com/arduino/arduino_micros_function.htm
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extremely small demands on the circuit that they are sampling, equivalent to a series 

resistor of 100 megaohm in front of the pin. 

➢ This means that it takes very little current to switch the input pin from one state to 

another. This makes the pins useful for such tasks as implementing a capacitive 

touch sensor or reading an LED as a photodiode. 

➢ Pins configured as pinMode(pin, INPUT) with nothing connected to them, or with 

wires connected to them that are not connected to other circuits, report seemingly 

random changes in pin state, picking up electrical noise from the environment, or 

capacitively coupling the state of a nearby pin. 

➢ Pull-up resistors are often useful to steer an input pin to a known state if no input is 

present. This can be done by adding a pull-up resistor (to +5V), or a pull-down 

resistor (resistor to ground) on the input. A 10K resistor is a good value for a pull-

up or pull-down resistor. 

➢ There are 20,000 pull-up resistors built into the Atmega chip that can be accessed 

from software. These built-in pull-up resistors are accessed by setting 

the pinMode() as INPUT_PULLUP. This effectively inverts the behavior of the 

INPUT mode, where HIGH means the sensor is OFF and LOW means the sensor is 

ON. The value of this pull-up depends on the microcontroller used. 

➢ When connecting a sensor to a pin configured with INPUT_PULLUP, the other end 

should be connected to the ground. In case of a simple switch, this causes the pin to 

read HIGH when the switch is open and LOW when the switch is pressed. The pull-

up resistors provide enough current to light an LED dimly connected to a pin 

configured as an input. If LEDs in a project seem to be working, but very dimly, 

this is likely what is going on. 

➢ Pins configured as OUTPUT with pinMode() are said to be in a low-impedance 

state. This means that they can provide a substantial amount of current to other 

circuits. Atmega pins can source (provide positive current) or sink (provide 

negative current) up to 40 mA (milliamps) of current to other devices/circuits. This 

is enough current to brightly light up an LED (do not forget the series resistor), or 

run many sensors but not enough current to run relays, solenoids, or motors. 
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➢ Attempting to run high current devices from the output pins, can damage or destroy 

the output transistors in the pin, or damage the entire Atmega chip. Often, this 

results in a "dead" pin in the microcontroller but the remaining chips still function 

adequately. For this reason, it is a good idea to connect the OUTPUT pins to other 

devices through 470Ω or 1k resistors, unless maximum current drawn from the pins 

is required for a particular application. 

➢ The pinMode() function is used to configure a specific pin to behave either as an 

input or an output. It is possible to enable the internal pull-up resistors with the 

mode INPUT_PULLUP. 

➢ pin − the number of the pin whose mode you wish to set 

➢ mode − INPUT, OUTPUT, or INPUT_PULLUP. 

➢ The digitalWrite() function is used to write a HIGH or a LOW value to a digital 

pin. If the pin has been configured as an OUTPUT with pinMode(), its voltage will 

be set to the corresponding value: 5V (or 3.3V on 3.3V boards) for HIGH, 0V 

(ground) for LOW. If the pin is configured as an INPUT, digitalWrite() will enable 

(HIGH) or disable (LOW) the internal pullup on the input pin. It is recommended to 

set the pinMode() to INPUT_PULLUP to enable the internal pull-up resistor. 

➢ If you do not set the pinMode() to OUTPUT, and connect an LED to a pin, when 

calling digitalWrite(HIGH), the LED may appear dim. Without explicitly setting 

pinMode(), digitalWrite() will have enabled the internal pull-up resistor, which acts 

like a large current-limiting resistor. 

➢ Arduino is able to detect whether there is a voltage applied to one of its pins and 

report it through the digitalRead() function. There is a difference between an on/off 

sensor (which detects the presence of an object) and an analog sensor, whose value 

continuously changes. In order to read this type of sensor, we need a different type 

of pin. 

➢ In the lower-right part of the Arduino board, you will see six pins marked “Analog 

In”. These special pins not only tell whether there is a voltage applied to them, but 

also its value. By using the analogRead() function, we can read the voltage applied 

to one of the pins. 

https://www.arduino.cc/en/Reference/PinMode
https://www.arduino.cc/en/Reference/PinMode
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➢ AnalogReference() Function: Configures the reference voltage used for analog input 

➢ Pulse Width Modulation or PWM: It is a common technique used to vary the width of the 

pulses in a pulse-train. PWM has many applications such as controlling servos and speed 

controllers, limiting the effective power of motors and LEDs. 

There are various terms associated with PWM − 

It is represented as the percentage of time signal that remains on during the period 

of the PWM signal. The analogWrite() function writes an analog value (PWM 

wave) to a pin. On-Time − Duration of time signal is high. 

Off-Time − Duration of time signal is low. 

Period − It is represented as the sum of on-time and off-time of PWM signal. 

Duty Cycle  can be used to light a LED at varying brightness or drive a motor at 

various speeds. 

2. NODE MCU ESP 8266 WIFI MODULE: 

There are four power pins viz. one VIN pin & three 3.3V pins. The VIN pin can be 

used to directly supply the ESP8266 and its peripherals, if you have a regulated 5V voltage 

source. The 3.3V pins are the output of an on-board voltage regulator. These pins can be 

used to supply power to external components. Gnd is a ground pin of ESP8266 NodeMCU 

development board. 

I2C pins:  

These are used to hook up all sorts of I2C sensors and peripherals in your project. 

Both I2C Master and I2C Slave are supported. I2C interface functionality can be realized 

programmatically, and the clock frequency is 100 kHz at a maximum. It should be noted 

that I2C clock frequency should be higher than the slowest clock frequency of the slave 

device. 

GPIO pins:  

ESP8266 NodeMCU has 17 GPIO pins which can be assigned to various functions 

such as I2C, I2S, UART, PWM, IR Remote Control, LED Light and Button 

programmatically. Each digital enabled GPIO can be configured to internal pull-up or pull-

down, or set to high impedance. When configured as an input, it can also be set to edge-

trigger or level-trigger to generate CPU interrupts. 
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ADC CHANNEL: 

The NodeMCU is embedded with a 10-bit precision SAR ADC. The two functions 

can be implemented using ADC viz. Testing power supply voltage of VDD3P3 pin and 

testing input voltage of TOUT pin. However, they cannot be implemented at the same time. 

 

Fig 5.node mcu esp 8266 layout 

 

UART PINS:  

ESP8266 NodeMCU has 2 UART interfaces, i.e. UART0 and UART1, which 

provide asynchronous communication (RS232 and RS485), and can communicate at up to 

4.5 Mbps. UART0 (TXD0, RXD0, RST0 & CTS0 pins) can be used for communication. It 

supports fluid control. However, UART1 (TXD1 pin) features only data transmit signal so, 

it is usually used for printing log. 

S SPI PINS:ESP8266 features two SPIs (SPI and HSPI) in slave and master modes. These 

SPIs also support the following general-purpose SPI features: 

• 4 timing modes of the SPI format transfer 

• Up to 80 MHz and the divided clocks of 80 MHz 

• Up to 64-Byte FIFO 

S SDIO PINS:ESP8266 features Secure Digital Input/Output Interface (SDIO) which is 

used to directly interface SD cards. 4-bit 25 MHz SDIO v1.1 and 4-bit 50 MHz SDIO v2.0 

are supported. 
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PW PWM PINS:The board has 4 channels of Pulse Width Modulation (PWM). The PWM 

output can be implemented programmatically and used for driving digital motors and 

LEDs. PWM frequency range is adjustable from 1000 μs to 10000 μs, i.e., between 100 Hz 

and 1 kHz. 

 

 

  Table 2: ESP 8266 specification 

 CONTROL PINS:  

These are used to control ESP8266. These pins include Chip Enable pin (EN), Reset 

pin (RST) and WAKE pin.CONTROL PINS 

• EN pin – The ESP8266 chip is enabled when EN pin is pulled HIGH. When pulled LOW 

the chip works at minimum power. 

• RST pin – RST pin is used to reset the ESP8266 chip. 

• WAKE pin – Wake pin is used to wake the chip from deep-sleep. 

• Transmit data between two NodeMCU and Arduino using RX/TX lines.  
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3. INFRARED SENSOR:  

 

 

Fig6: IR sensor layout 

 

Features 

• 5VDC Operating voltage 

• I/O pins are 5V and 3.3V compliant 

• Range: Up to 20cm 

• Adjustable Sensing range 

•  Built-in Ambient Light Sensor 

 

 

 

 

 

 

 

 

 

Table 3: IR sensor sepcification 

 

Pin Name Description 

VCC Power Supply Input 

GND Power Supply Ground 

OUT Active High Output 
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IR LED Transmitter 

IR LED emits light, in the range of Infrared frequency. IR light is invisible to us as its 

wavelength (700nm – 1mm) is much higher than the visible light range. IR LEDs have light 

emitting angle of approx. 20-60 degree and range of approx. few centimeters to several 

feets, it depends upon the type of IR transmitter and the manufacturer. 

Some transmitters have the range in kilometers. IR LED white or transparent in colour, so it 

can give out amount of maximum light. 

Photodiode Receiver 

Photodiode acts as the IR receiver as its conducts when light falls on it. Photodiode is a 

semiconductor which has a P-N junction, operated in Reverse Bias, means it start 

conducting the current in reverse direction when Light falls on it, and the amount of current 

flow is proportional to the amount of Light. This property makes it useful for IR detection. 

Photodiode looks like a LED, with a black colour coating on its outer side, Black colour 

absorbs the highest amount of light. 

LM358 Opamp 

LM358 is an Operational Amplifier (Op-Amp) is used as voltage comparator in the IR 

sensor. the comparator will compare the threshold voltage set using the preset (pin2) and 

the photodiode’s series resistor  voltage (pin3). 

Photodiode’s series resistor voltage drop > Threshold voltage = Opamp output is High 

Photodiode’s series resistor voltage drop < Threshold voltage = Opamp output is Low 

When Opamp's output is high the LED at the Opamp output terminal turns ON (Indicating 

the detection of Object). 

Variable Resistor 

The variable resistor used here is a preset. It is used to calibrate the distance range  at which 

object should be detected. 

 

 

4. LIGHT EMITTING DIODE: 
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Fig7: light emitting diode  

 The light emitting diode simply, we know as a diode. When the diode is forward biased, 

then the electrons & holes are moving fast across the junction and they are combining 

constantly, removing one another out. Soon after the electrons are moving from the n-type 

to the p-type silicon, it combines with the holes, then it disappears. Hence it makes the 

complete atom & more stable and it gives the little burst of energy in the form of a tiny 

packet or photon of light. 

➢ From the diagram, we can observe that the N-type silicon is in red color and it 

contains the electrons, they are indicated by the black circles. 

➢ The P- type silicon is in the blue color and it contains holes, they are indicated by 

the white circles. 

➢ The power supply across the p-n junction makes the diode forward biased and 

pushing the electrons from n-type to p-type. Pushing the holes in the opposite 

direction. 

➢ Electron and holes at the junction are combined. 

➢ The photons are given off as the electrons and holes are recombined. 

Working principle: 

The working principle of the Light emitting diode is based on the quantum theory. The 

quantum theory says that when the electron comes down from the higher energy level to the 

lower energy level then, the energy emits from the photon. The photon energy is equal to 

the energy gap between these two energy levels. If the PN-junction diode is in the forward 

biased, then the current flows through the diode. 
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➢ The flow of current in the semiconductors is caused by the both flow of holes in the 

opposite direction of current and flow of electrons in the direction of the current. 

Hence there will be recombination due to the flow of these charge carriers. 

➢ The recombination indicates that the electrons in the conduction band jump down to 

the valence band. When the electrons jump from one band to another band the 

electrons will emit the electromagnetic energy in the form of photons and the 

photon energy is equal to the forbidden energy gap. 

➢ For an example, let us consider the quantum theory, the energy of the photon is the 

product of both Planck constant and frequency of electromagnetic radiation. The 

mathematical equation is shown 

Eq = hf 

➢ Where h is known as a Planck constant, and the velocity of electromagnetic 

radiation is equal to the speed of light i.e c. The frequency radiation is related to the 

velocity of light as a f= c / λ. λ is denoted as a wavelength of an electromagnetic 

radiation and the above equation will become as a 

Eq = he / λ 

➢ From the above equation, we can say that the wavelength of electromagnetic 

radiation is inversely proportional to the forbidden gap. In general silicon, 

germanium semiconductors this forbidden energy gap is between the condition and 

valence bands are such that the total radiation of electromagnetic wave during 

recombination is in the form of the infrared radiation. We can’t see the wavelength 

of infrared because they are out of our visible range. 

➢ The infrared radiation is said to be as a heat because the silicon and the germanium 

semiconductors are not direct gap semiconductors rather these are indirect gap 

semiconductors. But in the direct gap semiconductors, the maximum energy level of 

the valence band and minimum energy level of conduction band does not occur at 

the same moment of electrons. Therefore, during the recombination of electrons and 

holes are a migration of electrons from the conduction band to valence band the 

momentum of electron band will be changed. 
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I-V Characteristics of LED: 

There are different types of light emitting diodes are available in the market and there are 

different LED characteristics which include the color light, or wavelength radiation, light intensity. 

The important characteristic of the LED is color. In the starting use of LED, there is the only red 

color. As the use of LED is increased with the help of the semiconductor process and doing the 

research on the new metals for LED, the different colors were formed. 

 

     Fig 8: I-V Characteristics LED 

Applications of LED’s: 

There are many applications of the LED and some of them are explained below. 

➢ LED is used as a bulb in the homes and industries 

➢ The light emitting diodes are used in the motorcycles and cars 

➢ These are used in the mobile phones to display the message 

➢ At the traffic light signals led’s are used 

Advantages of LED’s: 

➢ The cost of LED’s is less and they are tiny. 

➢ By using the LED’s the electricity is controlled. 

➢ The intensity of the LED differs with the help of the microcontroller. 
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5. BLYNK APP: 

  Blynk is a Platform with IOS and Android apps to control Arduino, Raspberry Pi 

and the likes over the Internet. It’s a digital dashboard where you can build a graphic 

interface for your project by simply dragging and dropping widgets. 

 

 

Fig 9:Blynk app 

Features: 

➢ Similar API & UI for all supported hardware & devices 

➢ Connection to the cloud using: 

• WiFi 

• Bluetooth and BLE 

• Ethernet 

• USB (Serial) 

• GSM 

 

➢ Set of easy-to-use Widgets 

➢ Direct pin manipulation with no code writing 

➢ Easy to integrate and add new functionality using virtual pins 

➢ History data monitoring via SuperChart widget 

➢ Device-to-Device communication using Bridge Widget 

➢ Sending emails, tweets, push notifications, etc. 
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6. JUMPER WIRES: 

 
Jumper wires are simply wires that have connector pins at each end, allowing them 

to be used to connect two points to each other without soldering. Jumper wires are typically 

used with breadboards and other prototyping tools in order to make it easy to change a 

circuit as needed. Fairly simple. In fact, it doesn’t get much more basic than jumper wires. 

 

 

 

 

 

 

Fig10:Male to male type  

 

 

Fig11:Male to female type  
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Fig12:Female to female type 

Though jumper wires come in a variety of colors, the colors don’t actually mean 

anything. This means that a red jumper wire is technically the same as a black one. But the 

colors can be used to your advantage in order to differentiate between types of connections, 

such as ground or power. 

 

 

7. CABLE CONNECTORS: 

The six most common types of USB cables and connectors: 

 

Fig13: power supply cable to arduino uno 
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Fig 14: power supply to node mcu esp 8266 wifi module 

➢ Type-A: The standard flat, rectangular interface that you find on one end of nearly 

every USB cable. Most computers have multiple USB-A ports for connecting 

peripherals. You’ll find them on game consoles, TVs, and other devices too. This 

cable only inserts in one way. 

➢ Type-B: An almost square connector, mostly used for printers and other powered 

devices that connect to a computer. They’re not very common these days, as most 

devices have moved onto a smaller connection. 

➢ Mini-USB: A smaller connector type that was standard for mobile devices before 

micro-USB. While not as common today, you’ll still see these on some cameras, the 

PlayStation 3 controller, MP3 players, and similar. 

➢ Micro-USB: The current standard (though slowly declining in popularity) for mobile 

and portable devices, which is even smaller than mini-USB. While you’ll still find 

micro-USB on all sorts of smartphones, tablets, USB battery packs, and game 

controllers, some have moved onto USB-C. 

➢ USB 2.0 introduced many modern USB norms, including support for Mini and Micro 

cables, USB OTG (see below), and more. It’s the slowest speed of USB still used 

today. You’ll find it used on cheap flash drives, devices like mice and keyboards, and 

similar. Most computers also include a few USB 2.0 ports. 

   8. PRINTED CIRCUIT BOARD: 

➢ Printed circuit board is the most common name but may also be called "printed wiring 

boards" or "printed wiring cards". Before the advent of the PCB circuits were 

constructed through a laborious process of point-to-point wiring. This led to frequent 
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failures at wire junctions and short circuits when wire insulation began to age and 

crack. 

➢ A significant advance was the development of wire wrapping, where a small gauge 

wire is literally wrapped around a post at each connection point, creating a gas-tight 

connection which is highly durable and easily changeable. 

➢ As electronics moved from vacuum tubes and relays to silicon and integrated circuits, 

the size and cost of electronic components began to decrease. Electronics became 

more prevalent in consumer goods, and the pressure to reduce the size and 

manufacturing costs of electronic products drove manufacturers to look for better 

solutions. Thus was born the PCB. 

➢ PCB is an acronym for printed circuit board. It is a board that has lines and pads that 

connect various points together. In the picture above, there are traces that electrically 

connect the various connectors and components to each other. A PCB allows signals 

and power to be routed between physical devices. Solder is the metal that makes the 

electrical connections between the surface of the PCB and the electronic components. 

Being metal,. Solder also serves as a strong mechanical adhesive  

Composition: 

A PCB is sort of like a layer cake or lasagna- there are alternating layers of different 

materials which are laminated together with heat and adhesive such that the result is a 

single object. 

FR4:  

The base material, or substrate, is usually fiberglass. Historically, the most common 

designator for this fiberglass is "FR4". This solid core gives the PCB its rigidity and 

thickness. There are also flexible PCBs built on flexible high-temperature plastic (Kapton 

or the equivalent). 

You will find many different thickness PCBs; the most common thickness for SparkFun 

products is 1.6mm (0.063"). Some of our products- LilyPad boards and Arudino Pro Micro 

boards- use a 0.8mm thick board. 

 

http://en.wikipedia.org/wiki/Wire_wrap
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Fig 15: pcb layout 

Copper: 

The next layer is a thin copper foil, which is laminated to the board with heat and 

adhesive. On common, double sided PCBs, copper is applied to both sides of the substrate. 

In lower cost electronic gadgets the PCB may have copper on only one side. When we refer 

to a double sided or 2-layer board we are referring to the number of copper layers (2) in our 

lasagna. This can be as few as 1 layer or as many as 16 layers or more. The copper 

thickness can vary and is specified by weight, in ounces per square foot. The vast majority 

of PCBs have 1 ounce of copper per square foot but some PCBs that handle very high 

power may use 2 or 3 ounce copper. Each ounce per square translates to about 35 

micrometers or 1.4 thousandths of an inch of thickness of copper. 

Soldermask: 

The layer on top of the copper foil is called the soldermask layer. This layer gives 

the PCB its green (or, at SparkFun, red) color. It is overlaid onto the copper layer to 

insulate the copper traces from accidental contact with other metal, solder, or conductive 

bits. This layer helps the user to solder to the correct places and prevent solder jumpers. 

Silkscreen: 

The white silkscreen layer is applied on top of the soldermask layer. The silkscreen 

adds letters, numbers, and symbols to the PCB that allow for easier assembly and indicators 

for humans to better understand the board. We often use silkscreen labels to indicate what 

the function of each pin or LED. 
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CHAPTER 4 

                  CONCLUSION AND RESULT 

4.1 Conclusion: 

➢ Our project ensures to find free parking places for public. As soon as parking place is found 

to be empty it is detected using infrared sensors which report it further. 

➢ We achieved this by programming the sensors and Arduino. Pushing the data to 

webpage gives us output via blink    app and led display which shows availability of 

parking places.  

➢ The project aims at fast results so that anyone can easily find place for parking and 

save time in doing so. As Arduino is the latest technology, using it gives uniqueness 

to our project.   

4.1 Result: 

 

                

Fig16:When three cars occupied slots of parking  space1       
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Fig 17:When two cars occupied slots of parking  space 2 
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CHAPTER 5 

ADVANTAGES AND APPLICATION AREAS 

 

Advantages: 

➢ Smart parking takes away the unpredictability of finding a parking spot.  

➢ Smart parking will reduce search traffic on the streets.  

➢ Fuel consumption is less. 

➢ Money and time is saved by smart parking. 

 

Application areas: 

 

1.Parking garages: 

As it is known form the studied statistics that the demand is higher than the actual 

parking space available. So to overcome this problem, there are many spaces available in 

the periphery of Main Market, Sector-17. These spaces can be used for the construction of 

Garages either mechanical or ramped. These are desirable in long run. They enabling more 

cars to be parked per unit height and automation is employed either partial or full.: 

2.Roof parking: 

it is the parking which is provided on the roof of building, and this type of parking 

is provided by joining or connecting the roofs of several buildings of same height and 

providing separate entry and exit to give safe, easy and efficient access to roof. 

3.Underground parking facility:  

In this type of parking the space is constructed to parking under the ground, this is 

quite expensive construction. Actually in study area there is underground parking facility in 

some sub-area as in parking subarea-5, but not in use. So, to overcome the problem of 

shortage of parking space as per demand this kind of space should be properly maintained 

and optimized to its use 
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APPENDICES 

(1)Node mcu esp 8266 code:  

#define BLYNK_PRINT Serial 

#include <ESP8266WiFi.h> 

#include <BlynkSimpleEsp8266.h> 

#include <SoftwareSerial.h> 

#include <SimpleTimer.h> 

char auth[] = "nk766dMCUmmZ0cai8MsJLW4G4L-agQyP"; 

// Your WiFi credentials. 

// Set password to "" for open networks. 

char ssid[] = "ASUS_X00TD"; 

char pass[] = "Challenge"; 

SimpleTimer timer; 

String myString; // complete message from arduino, which consistors of snesors data 

char rdata; // received charactors 

int firstVal, secondVal,thirdVal; // sensors  

int led1,led2,led3,led4,led5,led6; 

// This function sends Arduino's up time every second to Virtual Pin (1). 

// In the app, Widget's reading frequency should be set to PUSH. This means 

// that you define how often to send data to Blynk App. 



35 

 

void myTimerEvent() 

{ 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second. 

  Blynk.virtualWrite(V1, millis() / 1000); 

  } 

void setup() 

{ 

  // Debug console 

  Serial.begin(9600); 

  Blynk.begin(auth, ssid, pass); 

    timer.setInterval(1000L,sensorvalue1);  

    timer.setInterval(1000L,sensorvalue2);  

    timer.setInterval(1000L,sensorvalue3); 

    timer.setInterval(1000L,sensorvalue4); 

    timer.setInterval(1000L,sensorvalue5); 

    timer.setInterval(1000L,sensorvalue6); 

  } 

void loop() 

{ 
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   if (Serial.available() == 0 )  

   { 

  Blynk.run(); 

  timer.run(); // Initiates BlynkTimer 

   } 

  if (Serial.available() > 0 )  

  { 

    rdata = Serial.read();  

    myString = myString+ rdata;  

   // Serial.print(rdata); 

    if( rdata == '\n') 

    { 

     Serial.println(myString);  

  // Serial.println("fahad"); 

// new code 

String l = getValue(myString, ',', 0); 

String m = getValue(myString, ',', 1); 

String n = getValue(myString, ',', 2); 

String o = getValue(myString, ',', 3); 

String p = getValue(myString, ',', 4); 
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String q = getValue(myString, ',', 5); 

// these leds represents the leds used in Blynk application 

led1 = l.toInt(); 

led2 = m.toInt(); 

led3 = n.toInt(); 

led4 = o.toInt(); 

led5 = p.toInt(); 

led6 = q.toInt(); 

  myString = ""; 

// end new code 

    } 

  } 

} 

void sensorvalue1() 

{ 

int sdata = led1; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second. 

  Blynk.virtualWrite(V10, sdata); 
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} 

void sensorvalue2() 

{ 

int sdata = led2; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second. 

  Blynk.virtualWrite(V11, sdata); 

} 

void sensorvalue3() 

{ 

int sdata = led3; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second. 

  Blynk.virtualWrite(V12, sdata); 

} 

void sensorvalue4() 

{ 

int sdata = led4; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second. 



39 

 

  Blynk.virtualWrite(V13, sdata); 

} 

void sensorvalue5() 

{ 

int sdata = led5; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second. 

  Blynk.virtualWrite(V14, sdata); 

} 

void sensorvalue6() 

{ 

int sdata = led6; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second. 

  Blynk.virtualWrite(V15, sdata); 

} 

String getValue(String data, char separator, int index) 

{ 

    int found = 0; 

    int strIndex[] = { 0, -1 }; 



40 

 

    int maxIndex = data.length() - 1; 

    for (int i = 0; i <= maxIndex && found <= index; i++) { 

        if (data.charAt(i) == separator || i == maxIndex) { 

            found++; 

            strIndex[0] = strIndex[1] + 1; 

            strIndex[1] = (i == maxIndex) ? i+1 : i; 

        } 

    } 

    return found > index ? data.substring(strIndex[0], strIndex[1]) : ""; 

} 

 

Arduino uno code: 

#define BLYNK_PRINT Serial 

#include <ESP8266WiFi.h> 

#include <BlynkSimpleEsp8266.h> 

#include <SoftwareSerial.h> 

#include <SimpleTimer.h> 

char auth[] = "nk766dMCUmmZ0cai8MsJLW4G4L-agQyP"; 

// Your WiFi credentials. 

// Set password to "" for open networks. 

char ssid[] = "ASUS_X00TD"; 

char pass[] = "Challenge"; 

 

SimpleTimer timer; 

 

String myString; // complete message from arduino, which consistors of snesors data  

char rdata; // received charactors 
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int firstVal, secondVal,thirdVal; // sensors  

int led1,led2,led3,led4,led5,led6; 

// This function sends Arduino's up time every second to Virtual Pin (1). 

// In the app, Widget's reading frequency should be set to PUSH. This means  

// that you define how often to send data to Blynk App.  

void myTimerEvent() 

{ 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second. 

  Blynk.virtualWrite(V1, millis() / 1000); 

   

} 

void setup() 

{ 

  // Debug console 

  Serial.begin(9600); 

  Blynk.begin(auth, ssid, pass); 

    timer.setInterval(1000L,sensorvalue1);  

    timer.setInterval(1000L,sensorvalue2);  

    timer.setInterval(1000L,sensorvalue3); 

    timer.setInterval(1000L,sensorvalue4); 

    timer.setInterval(1000L,sensorvalue5); 

    timer.setInterval(1000L,sensorvalue6); 

   

} 

void loop() 

{ 

   if (Serial.available() == 0 )  

   { 

  Blynk.run(); 

  timer.run(); // Initiates BlynkTimer 

   } 
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  if (Serial.available() > 0 )  

  { 

    rdata = Serial.read();  

    myString = myString+ rdata;  

   // Serial.print(rdata); 

    if( rdata == '\n') 

    { 

     Serial.println(myString);  

  // Serial.println("fahad"); 

// new code 

String l = getValue(myString, ',', 0); 

String m = getValue(myString, ',', 1); 

String n = getValue(myString, ',', 2); 

String o = getValue(myString, ',', 3); 

String p = getValue(myString, ',', 4); 

String q = getValue(myString, ',', 5); 

 

// these leds represents the leds used in Blynk application 

led1 = l.toInt(); 

led2 = m.toInt(); 

led3 = n.toInt(); 

led4 = o.toInt(); 

led5 = p.toInt(); 

led6 = q.toInt(); 

  myString = ""; 

// end new code 

    } 

  } 

 

} 

 

void sensorvalue1() 
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{ 

int sdata = led1; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second.  

  Blynk.virtualWrite(V10, sdata); 

 

} 

void sensorvalue2() 

{ 

int sdata = led2; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second.  

  Blynk.virtualWrite(V11, sdata); 

 

} 

 

void sensorvalue3() 

{ 

int sdata = led3; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second.  

  Blynk.virtualWrite(V12, sdata); 

 

} 

 

void sensorvalue4() 

{ 

int sdata = led4; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second.  

  Blynk.virtualWrite(V13, sdata); 

} 

void sensorvalue5() 
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{ 

int sdata = led5; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second.  

  Blynk.virtualWrite(V14, sdata); 

} 

void sensorvalue6() 

{ 

int sdata = led6; 

  // You can send any value at any time. 

  // Please don't send more that 10 values per second.  

  Blynk.virtualWrite(V15, sdata); 

 

} 

String getValue(String data, char separator, int index) 

{ 

    int found = 0; 

    int strIndex[] = { 0, -1 }; 

    int maxIndex = data.length() - 1; 

 

    for (int i = 0; i <= maxIndex && found <= index; i++) { 

        if (data.charAt(i) == separator || i == maxIndex) { 

            found++; 

            strIndex[0] = strIndex[1] + 1; 

            strIndex[1] = (i == maxIndex) ? i+1 : i; 

        } 

    } 

    return found > index ? data.substring(strIndex[0], strIndex[1]) : "";  

} 
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 PROJECT PROFORMA 

  

 

 

 

 

Classification  of Project 

 

Application Product Research Review 

        

Note: Tick Appropriate category.  

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1 3 2 2 3 1 3 3 3   2 2 1 2 3 1 

Outcome 2 1 1 2 1 1 2 1 3 3 2 2 2 1 1 

Outcome 3 1 3 2 3 2 2 3 2 1 1 1 1 2 1 

Outcome 4 3 3 2 1 2 2 3 2 2 1 3 1 2 2 

 

 

 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

  on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 

 

Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with 

appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of t h e information to provide valid conclusions. 

 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 
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6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  

    solutions in societal and environmental contexts, and  demonstrate the knowledge of,  

    and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities 

and             

    norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  
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      environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   
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      change. 
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ABSTRACT

Nowadaysweareusingnonrenewablesourcesthataregoingtoexhaustandthen

wehavetodependontherenewablesources.Therenewablesourcesaresolar,wind,thermal,

hydroetc,inthatexpectsolaralltheothersourcesneedsomeparticularstationstogenerate

andregulatebutinthecaseofsolar,wecaninstallwherewelike

ToexplorestudydemonstratesthattheavailableroofandverticalfacadeareaforPV

andpiezoelectricmaterialinstallationisverylimitedduetogreenareasandotherfacilitieson

theDeck.Toexploremorepossibleareasforsolarpowergeneration,thewalkablesolarPV

floortileisproposedforinstallationonpavementsandcyclingtracks,whichreceivealotof

sunshineeveryday.ThefeasibilityandpotentialareaofapplyingthisinnovativePVflooronthe

greendeckwasinvestigated.WepurchasedrawmaterialsanddevelopedtwosolarPVfloortile

prototypes,andconductedlaboratorytestsandoutdoorteststoevaluateitselectrical,thermal

and mechanicalperformance.Resultsshow thatthedeveloped PV floorcan achieve

satisfactoryperformanceinsolarenergyconversionefficiency,anti-slip,heat-resistance,

durabilityandcompressivestrength,demonstratingthatsuchPVfloortilescanbeusedasa

replacementofthepavementsandcyclingtracksintheGreenDeck.SuchPVfloorcancombine

activeelementswithpassiveelements,providinganinnovativeandgreensolutiontointegrate

sustainableenergytechnologiesintothedeckandtoachievethetargetofzeroenergy

consumptionofthedeck.

Currently,thereareseveraldemonstrationprojectsofpavementintheword.The

Netherlandsbuilttheworld'sfirstpavement,whichisanenergy-harvestingbikepathpavedwith

glass-coatedsolarpanel.Afterone-year’strial,thenovelpavementhasprovedmoresuccessful

thanexpected.Itcangenerateabout70kWh/m2/year,indicatingthatthe70-metretestbike

pathisenoughtopowerasmallhousehold.Thismicropowerplanthasapeakpoweroutputof

400watts,whichisenoughtoilluminateanarrayof450LEDsthatlightthepathwayatnight,

shiningupthroughthepanelsfrom beneath.ThesmallPVtilescangenerateelectricityand

storeenergy(eveninrainydays),emittingasoftLEDglowatnight.Thistechnologyispopularly

usedinsomeparksandwalkways.EachPVtileandpiezoelectricalsocanonlygenerateseveral

wattselectricityforpoweringLED.

(Keywords:Piezoelectricmaterial,ChargeController,BuckConverter,Solarplates)



CHAPTER1

INTRODUCTION

Withthesocialandeconomicdevelopment,alongwiththecontinued

depletionoffossilenergy,decliningenvironmentalquality,combinedwithoursustainable

developmentstrategy,howtoefficientlycollectandfacilitatecleanenergyhasbeenthefocus

ofenergyresearch.Roadasanationalcriticalinfrastructure,undertakesthetransportationof

people,goods,andotherimportantfunctions.Ontheroad,millionsofvehiclesgenerate

vibrationontheroads,whichisveryconsiderablevehiclevibrationcannotonlycausedamage

toroad,butalsoleadtoawasteofenergy.Howtocollectvibrationenergy,turningitintothe

energyavailableforpeopletouseistheproblemthatneedtobesolved.Atpresent,basedon

theconversionmechanism,collectingenvironmentalvibrationenergydevicescanbedivided

intothreetypes:electromagnetic,piezoelectricandelectrostatic.

Piezoelectric energyharvesting technologyutilizethecharacteristicof

electromechanicalcouplingof piezoelectricmaterials,directlyconvertmechanicalenergyto

electricalenergy,comparedtoelectromagneticandelectrostaticgenerating,piezoelectric

powergenerationwithoriginalsmallsize,doesnotneedanexternalpowersupply-drivenandso

on.Basedontheseadvantages,thepiezoelectrictechnologyhasdevelopedrapidly,butmost

piezoelectricdevicesareusedtocollectfixedmechanicalequipmentvibrationenergy,tidaland

windenergy,theapplicationofpiezoelectrictechnologyintheroadisstillintheresearchstage.

Bothathomelandandabroad,piezoelectricroadintheoreticalresearchhasachievedcertain

results,butonthewholeisstillinitsinitialstages.Throughpracticaldesign,

piezoelectric transducers areintegratedinpackagingboxes,boxesareburiedintheroad,

vehiclerollingontheboxedisabletogenerateelectricity,collectpowerandcanbeusedin

trafficlightsandotherequipment.



1.2RequirementsoftheProject:

1)Piezoelectricmaterial

2)SolarPlates

3)BuckConverters

4)ChargeControllers

5)12VBattery

6)Plywood

7)fiberglass

8)LEDLights

1.3UseofPiezoelectricMaterial:

Mechanicalenergyappearseverywhereinthenature,roadvibration
energycreatedbythevehiclewillnotonlydodamagetopavementstructure,butalsoisdifficult
tocollect.Utilizingelectromechanicalconversioncharacteristicsof piezoelectricmaterial,
gatherthevibrationenergywhenvehiclepassingonthepavement,anddesignthe
piezoelectric transducer packagebox,fortrafficlightsalongtheroads,signs,andsoon.Save
thecostoflayinglongdistancetransmissionline,alsotakefulladvantageofthelossofenergy.
Experimentsofpiezoelectricboxeshasbeenconductedinpavementtoprovetheeffectiveness
ofthisproduct.Thisstudyshowsthatutilizepiezoelectrictechnologyinroad energy
harvesting isfeasibleandhasabrightfuture.Piezoelectricboxbeinstalledinurbanroadsand
highwaysshouldhavedifferentrequirements.Designingseveraldifferentlayingwaysand
pavingwaysisfeasible,urbanroadhaslowerrequirementsonroaddrivingthanHighway,laying
piezoelectricboxesmayaffectroadperformance,suchaslong-termrunformeduniform
settlementandduringtheuseofroads,secondpressuremaydensetheroadagainand
piezoelectricboxeslocationhighoutroad;thedesignspeedofurbanroadislower,
the vibrationfrequency ofpiezoelectricproducershouldbelower,trafficcompositionis
complex,itisdifficulttoalwayskeepthepiezoelectricboxesworkattheperfectfrequency.
Highwaythroughremotesuburb,powersystemisnotperfectandmaintenanceisdifficult,



throughpiezoelectricdeviceofroadcanpoweritselfandsolvetheproblem;layingonhighway
shouldfocusedonthedurabilityofpiezoelectricdevices,guaranteenolargeruniform
settlementinlong-termrunsituation;Highwayrunningspeedishigher,theself-vibration
frequencyofpiezoelectricshouldbehigher,determinedbyroadactualrunningspeed,about
80%ofdesignspeed.Notonlylimitedtolayingunderroad,attachmentscanbeembeddedin
thetracks,collectingvibrationalenergywhenrailtrafficgoingthrough.Theefficiencyof
piezoelectricboxofenergycollectioncannotmeettheneedsoflarge-scalepowerrequirements,
inpracticalaspectsmaybemoresuitabletoapplytotrafficfacilities,suchastrafficindicates
brand,remindingoncarsintheoppositedirection,itsadvantagesisnoneedoffardistance
power,trafficfacilitiescanpowerthemselves,anditcanadjustitsworkingtimeaccordingto
thevehicledensityontheroads,energy-savingaimcanbeachieved;piezoelectricdevicescan

alsobeusedtogettrafficinformation,suchastheloadanddrivingspeedofvehiclesand
deliverreal-timedatatothetrafficcontrolsystemdatabase,whichcanprovidereliable

informationforroadtransportationresearchstudies.

Accordingtothestress-strainandvibrationconditionof asphaltpavement,

developedhighenergy-convertefficientandlong-agedpiezoelectricenergyharvesting

equipment.Relyontheneedsofconstruction,completetheconstructiontechnologyof

piezoelectricenergy harvester,thisisthefirstapplicationofpiezoelectricenergyharvestingin

constructioninChina,whichcanbehelpfultodecreasethecostofthelong-distanceelectricity

transmitting.Whenlayingontheroad,thelayingmethodsofpiezoelectricboxesneedtobeen

consideredfirst.Weexperimentedwiththelayingtypeofburyingintheconstructionperiod

roadandgroovingonthecompletedroad.Buriedinthehotpitduringtheconstructionperiod,

theadvantagesisthatthestrengthofpavementhasnotdeveloped,theprocessoflayingis

lessdifficult.Disadvantageisthatduetothesizeofmixture,buryingholesizeisdifficultto

control,thegapsbetweenthepiezoelectricboxandtheroadsmaybehardtocontrol,and

beforethestrengthformationofthesealantmaterial,combinationofpavementaroundmaynot

bewell,andthebottomrequireadditionalprocessing.Cuttingholesinthecompleted

constructionwithmachine-dugforlayingthepiezoelectricboxes,advantagesisthatitiseasy

toaccuratelycutoutthesizeofboxburiedpit,andsealantwithsurrounding pavement

materials withhigherstrengthwellcemented.Shortcomingsisthatthelayingprocedureneed

usingcuttingmachinetools,andcuttingdepthisnoteasytocontrol,secondconstructionwill

ledtothedifferencebetweenaroundmaterialcharacteristics,turnsoutaffectingusing

performanceofroads.Alsocuttingconstructionwilldamagetheoriginalstructureofpavement,

lowerroadstrength.Theproblemofhowlongthetrafficcanopenalsoneedtobetakeinto

considerationwhendoinglayingjobonroadsthatisinuse,requirementsformaterialsand



constructionishighbecausethetimeforcutting,andpitbottomprocessing,andlayingbox,

andcementedmaterialformingstrengthofprocessisshort.

.

CHAPTER2

BLOCKANDSCHEMATICDIAGRAMSEXPLANATIONS

Themaintechnologiesusedforharvestingkineticenergyofwalkingthrough
thefloorarebasedonpiezoelectricandelectricalinductiongenerators,andelectrostatic
generatorsbasedonelectroactivepolymers.Generally,therearedifferentmethodsfor
producingelectricalenergyfrommovingpeoplethroughthepavementbasedpowergeneration
technologies.Anunusualapproachistheuseofpressurechangesinthegroundwhenpeople



walk,thatisexposedtopermanentlyfluctuatingpressureamplitudes.Forexample,the
movementofadancefloorcanbeusedtogenerateelectricitythroughemployingan
electromagneticgenerator.However,inordertogenerateaconsiderableelectricpower,thereis
aneedtoarelativelylargedeflectionofthefloor,upto10mm.Moreover,itneedsa
complicatedstructurethatimposehighassemblingcosts.Anotherexampleispiezoelectric
harvestersinthefloorofasubwayticketmachine.Theharvestersconsistofpiezoceramicand
thereisnoneedtocomplicatedmechanicalstructures.Therubbermatscontaining
piezoelectricsensorswereintegratedalongticketgatesforTokyosubwaysin2008.Sincein
thismethod,theenergyconversionisbasedonthepiezoelectriceffect,thereisnoneedfor
deflectionoftheground.Theefficiencyofthisenergyconversiondependstothethicknessand
propertiesofthepiezoelectricmaterial,andtheforceaffectingthepiezoelectricmaterial.
Higherthicknessesandhigherforcesgeneratehigheramountofsurfacecharges.Amongthe
differentpiezoelectricmaterials,onlyPolyvinylidenefluoride(PVDF)offersalonglasting
functionalityundertheseconditionsatacomparablelowprice.PVDFisincombustible,
chemicallyresistantandcanbeprocessedbyinjectionmolding.Itislessexpensivecompared
toleadzirconatetitanate(PZT),andisunbreakableunderharshconditions.Nevertheless,the
purepiezoelectriccoefficients,therelativelylowCurie-Temperature(105°C)andthenecessity
tostretchandtopolarizethematerialaredisadvantagesofPVDF.BischurandSchwesinger
studiedpiezoelectricPVDF-foilsforconvertingdynamiccompressiblemechanicalloadsinto
electricalenergy.Theyfoundthatthehigherremnantpolarizationcausesthebettertheenergy
conversion.Moreover,electricitygeneratedriseswithanincreasingnumberofwindings.They
concludedthatpiezoelectricPVDF-foilsappeartobeverypromisingcomparedtoPZTceramic.
PVDFasapolymermaterialisflexibleandresistantinmechanicaldestructionforces.While,
PZTasaninorganicceramicisbrittleandneedsprotectioninaharshenvironment.Another
exampleofwalkingenergyharvestingthroughthefloorisimplementationofbothtechnologies
ofpiezoelectricandelectromagneticalongpedestriansfootpaths.Furthermore,therearesome
achievementsandstudiesonharvestingfootstepthroughimplementingdifferenttechnologies
inordertogeneratepowerforlightingLEDlamps.Oneoftheproductsthatharvestkinetic
energyofpeoplesteppingonthemandimmediatelyconveytinyburstsofelectricitytonearby
appliances,istherecycledrubber"Pavegen"pavingslabs[41].ThePavegentileisapromising
methodofharvestingfootstepsenergyandisdesignedtocompressfivemillimetreswhen
someonestepsonthem.SincePavegenhasnotsharetheprecisemechanismofconverting
harvestedkineticenergyintoelectricity,someguessthatitutilizespiezoelectricsensors[42],
whileothersbelieveusingofelectromagnetictechnology.Theefficiencyoftilesinpower
generationisratherhigh,whicheachtile.

SchematicDiagram



Piezoelectriccrystalscanbeembeddedunderneaththeasphaltlayertoutilize

the energygeneratedduetothevehiclemotion.Asthevehiclesmoveovertheasphaltlayer,the

wheelsexertaforceorpressureintothecrystalsandthusdeform.Thisdeformationwillabsorbthe

forceandundergotheprocessofpowergeneration,asshownabove,tobestoredinbatteries.The

useofstorageisessentialatthisstage,sincestreetlightsareoperatedfor12hperday.Therefore,

theenergycanbedispersedwhenrequired. Powerasphaltsusedtoprovideelectricalpowerto

streetlightswastestedinpreferintersection,Israel.Thesetupinvolvedpiezoelectricdeviceslay

beneathasphaltroads,atatotaldistanceof10monly.Thesetuphasgeneratedelectricalpowerof

twoKilowatt-Hours(KWh).AnothertesthasbeenconductedbyPowerleap,alicensedtechnology

manufacturer,hasprovidedadataprovingthereliabilityofpowerasphalts.Theexperimentinvolves

1Kmstretchpowerasphaltwithvehiclepassingrateof200-400in16h.Basedonthisexperiment,

thetotalelectricalenergygeneratedrangebetween400KWh-600KWh.Therevealedasamain

sourceofenergyasitsavescostandreducesfossilfuelconsumptions. Piezoelectricroad

integratedtechnologyisanewenergyevolutionandhencepiezoelectricawarenessandexpertisein

thissectorareverylimited.Thiswasalsoobservedinprimarydatacollectedusingquestionnaires

andinterviewtohaveobtaininvalidandbiasinform.Implementingpiezoelectricroadtechnologyon

fieldrequiresastandardspecificationintheexecutionprocesswhichhasnotbeenestablished.

Thisisimportantastouseappropriatemanagementandmethodtopreventmanipulatingwithroad

infrastructureandminimizetrafficcongestion.Regardlessofthelackofknowledgeobservedby

respondentsonpiezoelectricdevicesusedinroadapplication,theresultsobtainedintermsof

streetlightapplicationsholdapromisingrelationofhypothesistolinksecondarydata,but

observationswereunexpected.Thisisevidentbythefactthatonly7%oftherespondentsperceive



powerasphaltisnotareliablemethodtoreplacefossilfuelsinstreetlights applications,whichis

relativelyverylowrate.Thesamegraphhasbeendividedtoseparategroups,whichsplits

respondentshavingknowledgeofpiezoelectricityfromunawarerespondents.Thisissetto

measurethevalidityofanswersprovidedbyrespondentsbasedontheirknowledge.Furthermoreto

supportthenullhypothesisofthisresearch.



  CHAPTER3

PIEZOELECTRICMATERIAL

3.1History

Thefirstexperimentaldemonstrationofaconnectionbetweenmacroscopic
piezoelectricphenomenaandcrystallographicstructurewaspublishedin1880byPierreand
JacquesCurie.Theirexperimentconsistedofaconclusivemeasurementofsurfacecharges
appearingonspeciallypreparedcrystals(tourmaline,quartz,topaz,canesugarandRochelle
saltamongthem)whichweresubjectedtomechanicalstress.Theseresultswereacreditto
theCuries'imaginationandperseverance,consideringthattheywereobtainedwithnothing
morethantinfoil,glue,wire,magnetsandajeweler'ssaw.Inthescientificcirclesoftheday,this
effectwasconsideredquitea"discovery,"andwasquicklydubbedas"piezoelectricity"inorder
todistinguishitfromotherareasofscientificphenomenologicalexperiencesuchas"contact
electricity"(frictiongeneratedstaticelectricity)and"pyroelectricity"(electricitygeneratedfrom
crystalsbyheating).TheCuriebrothersasserted,however,thattherewasaone-to-one
correspondencebetweentheelectricaleffectsoftemperaturechangeandmechanicalstressin
agivencrystal,andthattheyhadusedthiscorrespondencenotonlytopickthecrystalsforthe
experiment,butalsotodeterminethecutsofthosecrystals.Tothem,theirdemonstrationwas
aconfirmationofpredictionswhichfollowednaturallyfromtheirunderstandingofthe
microscopiccrystallographicoriginsofpyroelectricity(i.e.,fromcertaincrystalasymmetries).
TheCuriebrothersdidnot,however,predictthatcrystalsexhibitingthedirectpiezoelectric
effect(electricityfromappliedstress)wouldalsoexhibittheconversepiezoelectriceffect
(stressinresponsetoappliedelectricfield).Thispropertywasmathematicallydeducedfrom
fundamentalthermodynamicprinciplesbyLippmannin1881.TheCuriesimmediately
confirmedtheexistenceofthe"converseeffect,"andcontinuedontoobtainquantitative proof
ofthecompletereversibilityofelectro-elasto-mechanicaldeformationsinpiezoelectriccrystal.

DuringWorldWarII,intheU.S.,JapanandtheSovietUnion,isolatedresearch
groupsworkingonimprovedcapacitormaterialsdiscoveredthatcertainceramicmaterials
(preparedbysinteringmetallicoxidepowders)exhibiteddielectricconstantsupto100times
higherthancommoncutcrystals.Furthermore,thesameclassofmaterials(called
ferroelectrics)weremadetoexhibitsimilarimprovementsinpiezoelectricproperties.The



discoveryofeasilymanufacturedpiezoelectricceramicswithastonishingperformance
characteristicsnaturallytouchedoffarevivalofintenseresearchanddevelopmentinto
piezoelectricdevices.Theadvancesinmaterialssciencethatweremadeduringthisphasefall
intothreecategories:

1.Developmentofthebariumtitanatefamilyofpiezoceramicsandlatertheleadzirconate
titanatefamily.

2.Thedevelopmentofanunderstandingofthecorrespondenceoftheperovskitecrystal
structuretoelectro-mechanicalactivity.

3.Thedevelopmentofarationalefordopingbothofthesefamilieswithmetallicimpurities
inordertoachievedesiredpropertiessuchasdielectricconstant,stiffness,piezoelectric
couplingcoefficients,easeofpoling,etc.



3.2Principle

Theactiveelementofanaccelerometerisapiezoelectricmaterial.Figure1
illustratesthepiezoelectriceffectwiththehelpofacompressiondisk.Acompressiondisk
lookslikeacapacitorwiththepiezoceramicmaterialsandwichedbetweentwoelectrodes.A
forceappliedperpendiculartothediskcausesachargeproductionandavoltageatthe
electrodes.

Thesensingelementofapiezoelectricaccelerometerconsistsoftwomajorparts:

1)Piezoceramicmaterial

2)Seismicmass

Onesideofthepiezoelectricmaterialisconnectedtoarigidpostatthe
sensorbase.Theso-calledseismicmassisattachedtotheotherside.Whenthe
accelerometerissubjectedtovibration,aforceisgeneratedwhichactsonthepiezoelectric
element(compareFigure2).AccordingtoNewton’sLawthisforceisequaltotheproductof
theaccelerationandtheseismicmass.Bythepiezoelectriceffectachargeoutputproportional
totheappliedforceisgenerated.Sincetheseismicmassisconstantthechargeoutputsignal
isproportionaltotheaccelerationofthemass.Overawidefrequencyrangebothsensorbase
andseismicmasshavethesameaccelerationmagnitude.Hence,thesensormeasuresthe
accelerationofthetestobject.Thepiezoelectricelementisconnectedtothesensorsocketvia
apairofelectrodes.Someaccelerometersfeatureanintegratedelectroniccircuitwhich
convertsthehighimpedancechargeoutputintoalowimpedancevoltagesignal.Withinthe
usefuloperatingfrequencyrangethesensitivityisindependentoffrequency,apartfromthe
latermentionedlimitations.

Apiezoelectricaccelerometercanberegardedasamechanicallow-
passwithresonancepeak.Theseismicmassandthepiezoceramics(plusother"flexible"
components)formaspringmasssystem.Itshowsthetypicalresonancebehavioranddefines
theupperfrequencylimitofanaccelerometer.Inordertoachieveawideroperatingfrequency
rangetheresonancefrequencyshouldbeincreased.Thisisusuallydonebyreducingthe
seismicmass.However,thelowertheseismicmass,thelowerthesensitivity.Therefore,an
accelerometerwithhighresonancefrequency,forexampleashockaccelerometer,willbeless
sensitivewhereasaseismicaccelerometerwithhighsensitivityhasalowresonancefrequency.



Figure3showsatypicalfrequencyresponsecurveofanaccelerometerwhenit
isexcitedbyaconstantacceleration.

Figure3:Frequencyresponsecurve

Severalusefulfrequencyrangescanbederivedfromthiscurve:

 Atapproximately1/5theresonancefrequencytheresponseofthesensoris1.05.This
meansthatthemeasurederrorcomparedtolowerfrequenciesis5%.

 Atapproximately1/3theresonancefrequencytheerroris10%.Forthisreasonthe"linear"
frequencyrangeshouldbeconsideredlimitedto1/3theresonancefrequency.

 The3dBlimitwithapproximately30%errorisobtainedatapproximatelyonehalftimesthe
resonancefrequency.

Thelowerfrequencylimitmainlydependsonthechosenpreamplifier.Oftenitcanbeadjusted.
Withvoltageamplifiers,thelowfrequencylimitisafunctionoftheRCtimeconstantformedby
accelerometer,cable,andamplifierinputcapacitancetogetherwiththeamplifierinput
resistance.

3.3Workingprinciple

Piezoelectricityistheprocessofusingcrystalstoconvertmechanical

energyintoelectricalenergy,orviceversa.Regularcrystalsaredefinedbytheirorganizedand

repeatingstructureofatomsthatareheldtogetherbybonds,thisiscalledaunitcell.Most

crystals,suchasironhaveasymmetricalunitcell,whichmakesthemuselessforpiezoelectric

purposes.Thereareothercrystalsthatgetlumpedtogetheras piezoelectricmaterials.The

structureinthesecrystalsaren’tsymmetricalbuttheystillexistinanelectricallyneutral



balance.However,ifyouapplymechanicalpressuretoapiezoelectriccrystal,thestructure

deforms,atomsgetpushedaround,andsuddenlyyouhaveacrystalthatcanconductan

electricalcurrent.Ifyoutakethesamepiezoelectriccrystalandapplyanelectriccurrenttoit,

thecrystalwillexpandandcontract,convertingelectricalenergyintomechanicalenergy

.

Applyingmechanicalenergytoacrystaliscalleda directpiezoelectriceffect andworkslikethis:

1.Apiezoelectriccrystalisplacedbetweentwometalplates.Atthispointthematerialisin

perfectbalanceanddoesnotconductanelectriccurrent.

2.Mechanicalpressureisthenappliedtothematerialbythemetalplates,whichforcesthe

electricchargeswithinthecrystaloutofbalance.Excessnegativeandpositivecharges

appearonoppositesidesofthecrystalface.

3.Themetalplatecollectsthesecharges,whichcanbeusedtoproduceavoltageand

sendanelectricalcurrentthroughacircuit.



That’sit,asimpleapplicationofmechanicalpressure,thesqueezingofacrystalandsuddenly

youhaveanelectriccurrent.Youcanalsodotheopposite,applyinganelectricalsignaltoa

materialasan inversepiezoelectriceffect. Itworkslikethis:

1.Inthesamesituationastheexampleabove,wehaveapiezoelectriccrystalplaced

betweentwometalplates.Thecrystal’sstructureisinperfectbalance.

2.Electricalenergyisthenappliedtothecrystal,whichshrinksandexpandsthecrystal’s

structure.

3.Asthecrystal’sstructureexpandsandcontracts,itconvertsthereceivedelectrical

energyandreleasesmechanicalenergyintheformofasoundwave.



3.4 Advantages

1)Thepiezoelectrictransducer hasgoodfrequencyresponse.

2)Itisavailableindesiredshape.

3)Ithasruggedconstruction.

4)Ithasnegligiblephaseshift.

5)Itissmallinsize.

6)Itofferhighoutputthatbemeasuredintheelectroniccircuit.

3.5Disadvantages

1)Theoutputobtainedfromthepiezoelectrictransducersislow,soexternalelectroniccircuit
hastobeconnected.

2)Thepiezoelectrictransducerisusedfordynamicmeasurementonly.

3)Ithashightemperaturesensitivity.

4)Somecrystalsarewatersolubleandgetdissolveinhighhumidenvironment.

3.6Applications

Theindustrialsectoroftenemployspiezoelectricsensorsforavarietyofuses.Somecommon,
everydayusesinclude:
 
EngineKnockSensors— Enginemanufacturersareconstantlyfacingchallengesrelatedtothe
controlofengine parameters.Underthe wrong circumstances,gasoline engines are
susceptibletoanundesirablephenomenonknownasdetonation.Whendetonationoccurs,the
air/fuelchargeexplodesinsteadofburningsmoothlytherebydamagingtheengine.Historically,
thisiswhymostmanufacturersdesignedengineswithconservativeoperationalmarginsatthe
expenseofefficiency—itwastoavoidthisnotoriousproblem.
 



Withthedevelopmentofbettercontrolsystems,therelevantengineparametersmaybe
adjustedinreal-timetomaximizeefficiencyandpower.Ifdetonationbeginstooccur,
piezoelectricknocksensorscanbeemployedtosensethedetonationbeforeitbecomes
problematic.Thisgivescontrolsystemstimetomaketherequiredadjustments.
 
PressureSensors— Innearlyanyapplicationrequiringthemeasurementofdynamicpressure
changes,using piezoelectric pressure sensors yields more reliable results than using
conventionalelectromechanicalpressuresensors.Thisisbecausepiezoelectricdeviceshavea
highfrequencyresponseandsignalconversionwithoutrequiringanybellows,diaphragm,or
anytypeofmechanicallinkageinconjunctionwithastraingageordisplacementsensor.
 
SonarEquipment— Depthsoundersandsonarequipment relyextensivelyonpiezoelectric
sensorstotransmitandreceiveultrasonic“pings”inthe50-200kHzrange.Besideshavingan
idealfrequencyresponseforsuchapplications,piezoelectrictransducershaveahighpower
densitythatenableslargeamountsofacousticpowertobetransmittedfromasmallpackage.
Forinstance,atransducerthatisonly4”(100mm)indiametermaybecapableofhandling
poweroutputgreaterthan500watts.

CHAPTER4
BUCKCONVERTERS&SOLARPLATES

4.1Introductiontobuckconverters

Buckconverters arepowerconverterswhicharemainlyusedforconverting

highvoltagetothelowvoltage.Theseconvertersarehighlyefficient,showingalmost90%of

efficiency.Theyareusefulforperformingaspecialtasklikeconvertingthehugesupply

voltageof12Vinthecomputerto1.8Vformakingitusefulforoperatingsmallcomponents

likeUSB,CPU,andDRAM.Transistorusedinbuckconverteractasaswitchingdevice.

Obtainingacontinuous outputisthemainpurposeofbuckconverter whichcanbeachieved

byusingtheenergystoredinthecapacitor.Transistorswitchesbetweenonandoffathigh

frequency.Energystoredinthecapacitor ismainlyusedinthebuckconverterduringtheoff

condition ofthetransistor,makingitusefulforobtainingacontinuousoutput.



BuckconverterismainlycalledasaDCtoDCconverter.Sourceinputcan

eitherbeobtaineddirectlyfrom DCsourceorfrom rectifiedACsource.AftergettingDC

source,itispassedthroughaswitchingtransistorwhichconvertsitACsource.Eventually,

theACsourceisconvertedtoDCsourceattheoutputvoltage.

4.2Functionofbuckconverter

Buckconverterconsistsofswitchingtransistor,diode,andenergystoring

elements such as capacitororinductor.Transistorswitches between on and off

continuously.Whenthetransistorswitchisturnedon,itisdenotedbyT(on)andwhenitis

turnedoff,itisdenotedbyT(off).Dutycyclecanbeobtainedbythedividingthetimewhen

switchisturnedonwiththetotaltimeofthecycle.

D=T(on)/T

Inductorsworksinbothwaysi.e.itopposesthecurrentfrom changingits

directionandalsoasanenergystoringelement.Energyisstoredintheinductorwhich

preventstheoutputfromgettingtoohighandthatenergyisreleasedwhenthetransistoris



switchedtooffcondition.

IfTransistorisSwitchedON

 Whentransistorisswitchedon,currentwillflowfromtheinductorL.Currentflowingthrough

theloadisbeingrestricted bytheinductorandasurplusamountofenergywillbestoredin

theinductor.Circuitdiagramofabuckconverterisshowninthefiguregivenbelowwhenthe

transistorisswitchedon.

 Thediode whichisreversebiasedwon’ttakepartintheoperationofthebuckconverteras

thereislargepositivevoltageappeartothecathodepartofthediode.Whentheswitchis

closedthevoltageacrossinductorwillbe

V(Inductor)=V(in)–V(out)

 Thecapacitorusinginthiscircuitdiagramwillcontinuouslychargeuptothemaximumvalue

andreleasesitsenergywhenthetransistorswitchestooffcondition.

IfTransistorisSwitchedOFF
Whentransistorswitchestooffcondition,thediodeavailablein



thebuckconverterturnstoforwardbiased,makingitscathodenegativeandanodeside
positive.Circuitdiagramofthebuckconverterisshowninthefiguregivenbelowwhen
transistorisswitchedoff.

 Whentransistorisswitchedoff,theinductorwillautomaticallychangeitspolaritywith

respecttothepolaritygivenintransistoroncondition.Now,thevoltageacrosstheinductor

isalsocalledbackemfanditwillgiveitsenergybacktothecircuitduringoffcondition.Here

V(inductor)=–V(out)

 Sometimesweneedminimum outputattheoutputvoltage,inthiscase,currentflowing

throughtheinductorbecomeszero.Whenitfallsbelowzero,itresultsinautomatically

discharingthecapacitorenergywhichisstoredwhenthetransistorisoperatedinon

condition.Whencapacitoriscompletelydischarged,itautomaticallyeruptsthehigh

switchinglosses.Pulsefrequencymodulationisusedtoavoidsuchlosses.

 Theaveragevalueofenergystoredininductorwillalwaysremainsameattheendofthe

cycle.

 Whenoutputbeginstofall,theonlysourceofenergywillbetheenergyfrom the

capacitor,causingthecurrenttoflowthroughloadandalsopreventingitfromgoingtoo



high.

 Wegettheoutputintherippleform,insteadofgettinginsquareform.Andcanbe

definedas

V(out)=V(in)*T(on)/T

HereT(on)isatimedurationofthecyclewhenthetransistorisonandTisthetotaltimeof

thecycle.

 Rippleformedinbuckconvertershowsthatvoltagegoeshighattheonstateanddrops

downatoffstate.

Thisdiagramclearlyshowsthatinductorcurrentisequaltothesumofdiodeandinput/switch
current.

 Duringwholecycleinputcurrentwillbemuchlessthantheoutputcurrent,resultingin

steppingdownthevoltageattheoutput.Noticethat,assumingtheidealconditions,the

overallpowerofthecyclewillremainconstant.i.e.V(in)*I(in)=V(out)*I(out)

 However,gettingperfectcircuitisnotpossibleinrealityduetosomeenergylosses.



Maximumefficiencythatpracticalbuckconvertersexhibitisabout85%.

4.3Applicationsofbuckconverters:

Buckconvertersexhibitawiderangeofapplicationdependingonitsefficiencyanddurability.

Someofitsmainapplicationsaregivenbelow.

USBOn-the-GOismainlyusedforconnectingthemouse,keyboardandother
usefuldevicestothesmartphone.ThemainpurposeofbuckconverterusinginUSBistodraw
powerfrom theUSBanddeliversittothesmartphone.Hence,itisthemainsourceof
regulatingthepowerinbothdirections.

1)Whensmartphoneispluggedintocharging,thebuckconverterisusedtochargethelithium

batteryinsidethesmartphone,

2)Whensomemiceorkeyboardisconnectedtothesmartphone,buckconverterworksina

reverseorderanddrawspowerfromthelithiumbatteryanddeliversittothekeyboardormouse

connectedtothesmartphone.

3)POL,alsoknownasavoltageregulator,isaconverterthatiswidelyusedinlaptopsand

desktopcomputers.Itisveryusefulinoperatingthemotherboardatlowvoltage.

4)Buckconvertersarewidelyusedinsolarchargers.Theyoftencomewithabuilt-in

microcontrollerwhichallowsthebuckconvertertodrawmaximumpowerandhelpsincharging

thebatteryinlimitedtimepossible.

5)Quad-copterscomewithahighlyefficientbuckconverterfordroppingdowntheinput

voltage.Quad-coptermostlyusesDCpowersupplysuchassmallbatterieswhichareplacedin

aseries.Normally5to6batteriesareusedtomakequad-copterfullyoperational.These

batteriesprovidevoltagethatrangesbetween6to25V.

6)Buckconverterinthebatteriesconvertsthatvoltageto3.3Vformakingitusefulforflight

controllerwhichisabackboneofquad-copter.

4.4Introductiontosolarplates:

Whenpeoplethinkaboutalternativeorrenewableenergy,thefirstimagethat
comestomindisoftenlargeblueorblacksolarpanelsonrooftopsorportablehighwaysigns
thathaveasmallpanelattached.These solarpanels,alsoknownasphotovoltaicmodules(or
PVmodules),convertsunlightintoelectricity,andtheyhavebeenthebackboneofrenewable
energyfordecades.ThePhotovoltaicEffect(howsunlightisconvertedintoelectricalenergy)



wasdiscoveredoverahundredyearsago!Yetwidespreadimplementationofthistechnology
hasbeenverygradual.Onlyinveryrecentyearshasphotovoltalicsgainedwidepopularityas
analternativewaytoproduceelectricity.In1958thefirstPVmoduleswerelaunchedintospace
topowersatellites.Eventoday,solarpoweristheprimarysourceofenergyatthe International
SpaceStation. OnEarthaswell,PVhastraditionallybeenusedinareaswherethereisno
practicalsourceofelectricalpowerbutthereisabundantsunshine. Solarpanels areoftenused
forremoteapplications:likepoweringcabins,RVs,boatsandsmallelectronicswhengrid
serviceisnotavailable.Recently,“grid-interactive”solarelectricsystemshavestartedgaining
momentumasacost-effectivewaytoincorporatesolarelectricityintooureverydaylives.Now
wecantakeadvantageofavailablesolarenergywhilestillenjoyingthesafetynetoftheutility
grid.
PVpanelsproduce DC,ordirectcurrentelectricity.Thisisthesametypeofelectricitythatisproduced
byyourcarbatteryorotherbatteries.Theappliancesinourhomesuseadifferenttypeof
electricitycalled AC),oralternatingcurrent.DCelectricityflowsinonedirectiononly,whileAC
electricitychangesdirectionrapidly,offeringcertainadvantagesintransmission(greater
distancesthroughsmallerwires).Forexample,asolarpanelthatoutputs100Wattsfortwo
hourswillproduce200Watt-hoursofenergy.InsolationvaluesarealsotiedtoSTCandare
basedonlocation.TheycanbefoundindatatablesformostlocationsintheU.S.andtheworld.
TheactualnumberofWatt-hoursapanelproduceswillverylikelybelessthanthistheoretical
valueduetomanyfactorsthataffecttheefficienciesofthesystemcomponents.Thereare
standardfactorsusedtocorrectforreal-worldenergylosses,butourpresentfocusisthebasic
electricalprinciples.

4.5FunctionofSolarPlates:

Inverybasicterms,asolarpanel(PVmodule)isadevicethatwillproducea



flowofelectricityundersunlight.Thiselectricitycanbeusedtochargebatteriesand,withthe

aidofaninverter,itcanpowernormalhouseholdelectricaldevices,or"loads".PVmodulescan

alsobeusedinsystemswithoutbatteries.Mostsolarpanels(properlycalled"modules")are

framedinaluminum,toppedwithtemperedglass,andsealedbyawaterproofbacking.

Sandwichedbetweentheglassandbackinglayersarethephoto-reactivecellsthemselves,

oftenmadeofsilicon.Onthebackofthemoduleisajunctionboxthatmayormaynothave

twocablescomingoutofit.Ifthejunctionboxhasnocables,itcanbeopenedtoaccessthe

electricalterminalswherewirescanbeattachedtoconductthegeneratedelectricityawayfrom

themodule.Iftherearecablesalreadyinplace,thejunctionboxisusuallysealedandnotuser-

accessible.Sealedjunctionboxesaremorecommon.Therearelotsofwaystomakeuseof

solarelectricity.Oneofthesimplestistochargesmallelectronicdevices,likecellphonesand

musicplayers,withlightweight,portablePVmodules. Solarpanelscanbeusedindividuallyor

wiredtogethertoform asolararray.Forlargerelectricalloads,therearetwomaintypesof

systemsforprovidingelectricalpowertohomes,cabinsandoffices,etc:stand-alonebattery

basedsystems(alsocalled'off-grid'systems)andgrid-tiedsystems(alsoknownasutility-

interactive).You’llwanttodecidewhichsystemisbestforyourneedsbyreadingmoreabout

both.

Thereareseveraltechnologiesusedtomakesolarcells,thebuildingblocksof
panels.Themaintypescurrentlyonthemarketare:  

 MonocrystallineSolarPanels
Monocrystallinesolarpanels areoftenthemostexpensiveduetothemanufacturingprocess,
whichuseslargeamountsofhighlypurifiedsiliconandagreatdealofenergy.Monocrystalline
solarcellsareabout13-16%efficientatconvertingsunlighttoelectricity.

 Polycrystalline SolarPanels (akamulticrystalline)
Polycrystallinecellefficienciesrangebetween11-14%so polycrystallinesolarpanels are
slightlylessexpensivethanmonocrystallineonesonaprice-per-Wattbasis.

 StringRibbon SolarPanels
Stringribbonsolarpanels uselesssiliconinthecellmanufacturingprocessthantheother
crystallinetypesandachievesefficienciesinthe12-14%range.

   AmorphousSolarPanels (akathin-film)
Amorphoussolarpanels.orthin-filmamorphoussilicon,A-si,arenotconstructedfrom
individualcells,butaremadebydepositingaphoto-sensitivecompoundontoasubstrate.While
thesesolarpanelshavelowerefficiencies,(usually7-10%),theyoffercertainadvantages.They
canoftenbeusedinhotterclimatessincetheysufferlesspowerlossthanothertypesunder
hotconditions.Additionally,theamorphoustechnologydoesnotusethetypical“glass
sandwich”construction,allowingforthecreationof flexiblesolarpanels whicharealsovery
durable.



 CIGSSolarPanels.

4.6Applicationsofsolarplanes:
Someofthemajorapplicationofsolarenergyareasfollows:(a)Solarwater

heating(b)Solarheatingofbuildings(c)Solardistillation(d)Solarpumping(e)Solardryingof
agriculturalandanimalproducts(f)Solarfurnaces(g)Solarcooking(h)Solarelectricpower
generation(i)Solarthermalpowerproduction(j)Solargreenhouses.

(a)SolarWaterHeating:

Asolarwaterheatingunitcomprisesablackenedflatplatemetalcollectorwithanassociated

metaltubingfacingthegeneraldirectionofthesun.Theplatecollectorhasatransparentglass

coveraboveandalayerofthermalinsulationbeneathit.Themetaltubingofthecollectoris

connectedbyapipetoaninsulatedtankthatstoreshotwaterduringcloudydays.Thecollector

absorbssolarradiationsandtransferstheheattothewatercirculatingthroughthetubing

eitherbygravityorbyapump.Thishotwaterissuppliedtothestoragetankviatheassociated

metaltubing.Thissystemofwaterheatingiscommonlyusedinhotels,guesthouses,tourist

bungalows,hospitals,canteensaswellasdomesticandindustrialunits.

(b)SolarHeatingofBuildings:

Solarenergycanbeusedforspaceheatingofbuildingsinmanywaysnamely:
(a)Collectingthesolarradiationbysomeelementofthebuildingitselfi.e.solarenergyis
admitteddirectlyintothebuildingthroughlargeSouth-facingwindows.

(b)Usingseparatesolarcollectorswhichmayheateitherwaterorairorstor¬agedeviceswhich
canaccumulatethecollectedsolarenergyforuseatnightandduringinclementdays.Whenthe
buildingrequiresheatthenfromthesecollectorsorstoragedevices,theheatistransferredby
conventionalequipmentsuchasfan,ducts,airout¬lets,radiatorsandhotairregistersetc.to
warmupthelivingspacesofabuild¬ing.Whenthebuildingdoesnotrequireheat,theheated
airorwaterfromthecollectorcanbemovedtotheheatstoragedevicesuchaswellinsulated
watertankorotherheatholdingmaterial.Forinclementdays,anauxiliaryheatingsystemusing
gas,oilorelectricityisrequiredasabackupsystem.

(c)Solar-distillation:

Inaridsemiandorcoastalareasthereisscarcityofpotablewater.Theabundantsunlightin

theseareascanbeusedforconvertingsalinewaterintopota¬bledistilledwaterbythemethod

ofsolardistillation.Inthismethod,solarradiationisadmittedthroughatransparentairtight

glasscoverintoashallowblackenedbasincontainingsalinewater.Solarradiationpasses



throughthecoversandisabsorbedandconvertedintoheatintheblack¬enedsurfacecausing

thewatertoevaporatefromthebrine(impuresalinewa¬ter).Thevaporsproducedget

condensedtoformpurifiedwaterinthecoolinterioroftheroof.Thecondensedwaterflows

downtheslopingroofandiscollectedinthetroughsplacedatthebottomandfromthereintoa

waterstor¬agetanktosupplypotabledistilledwaterinareasofscarcity,incolleges,school

sciencelaboratories,defenselabs,petrolpumps,hospitalsandpharmaceuticalindustries.Per

literdistilledwatercostobtainedbythissystemischeaperthandistilledwaterobtainedby

otherelectricalenergy-basedprocesses.

(d)Solar-pumping:

Insolarpumping,thepowergeneratedbysolar-energyisutilizedforpumpingwaterfor

irrigationpurposes.Therequirementforwaterpumpingisgreatestinthehotsummermonths

whichcoincidewiththeincreasedsolarradiationsduringthisperiodandsothismethodis

mostappropriateforirrigationpurpose.Duringperiodsofinclementweatherwhensolar

radiationsarelowthentherequirementforwaterpump¬ingisalsorelativelylessasthe

transpirationlossesfromthecropsarealsolow.

(e)SolarDryingofAgriculturalandAnimalProducts:

Thisisatraditionalmethodofutilisingsolarenergyfordryingofagriculturalandanimal

products.Agriculturalproductsaredriedinasimplecabinetdryerwhichconsistsofabox

insulatedatthebase,paintedblackontheinnersideandcoveredwithanin¬clinedtransparent

sheetofglass.

Atthebaseandtopofthesidesventilationholesareprovidedtofacilitatetheflowofairover

thedryingmaterialwhichisplacedonperforatedtraysinsidethecabinet.Theseperforated

traysorracksarecarefullydesignedtoprovidecontrolledexposuretosolarradiations.

Solardrying,especiallyoffruitsimprovesfruitqualityasthesugarconcentra¬tionincreaseson

drying.Normallysoftfruitsareparticularlyvulnerabletoinsectattackasthesugarcontent



increasesondryingbutinafruitdryercon¬siderabletimeissavedbyquickerdrying

—minimizinggapthechancesofinsectattack.

(f)SolarFurnaces:

InaSolarfurnace,hightemperatureisobtainedbyconcentratingthesolarradiationsontoa

specimenusinganumberofheliostats(turn-ablemirrors)ar¬rangedonaslopingsurface.The

solarfurnaceisusedforstudyingtheproper¬tiesofceramicsatextremelyhightemperatures

abovetherangemeasurableinlaboratorieswithflamesandelectriccurrents.

Heatingcanbeaccomplishedwithoutanycontaminationandtemperaturecanbeeasily

controlledbychang¬ingthepositionofthematerialinfocus.Thisisespeciallyusefulfor

metallurgi¬calandchemicaloperations.Variouspropertymeasurementsarepossibleonan

openspecimen.Animportantfutureapplicationofsolarfurnacesistheproductionofnitric

acidandfertilizersfromair.

(g)SolarCooking:

Avarietyoffuellikecoal,kerosene,cookinggas,firewood,dungcakesandagriculturalwastes

areusedforcookingpurposes.Duetotheenergycrisis,supplyofthesefuelsareeither

deteriorating(wood,coal,kerosene,cookinggas)oraretooprecioustobewastedforcooking

purposes(cowdungcanbebetterusedasmanureforimprovingsoilfertility).This

necessitatedtheuseofsolarenergyforcookingpurposesandthedevelopmentofsolar

cookers.Asimplesolarcookeristheflatplateboxtypesolarcooker.Itconsistsofawell

insulatedmetalorwoodenboxwhichisblackenedfromtheinnerside.Thesolarradiations

enteringtheboxareofshortwavelength.Ashigherwave¬lengthradiationsareunabletopass

throughtheglasscovers,there-radiationfromtheblackenedinteriortooutsidetheboxthrough

thetwoglasscoversisminimised,therebyminimisingtheheatloss.Theheatlossdueto

convectionisminimisedbymakingtheboxairtight.Thisisachievedbyprovidingarubberstrip

betweentheupperlidandtheboxformini¬misingtheheatlossduetoconduction,thespace



betweentheblackenedtrayandoutercoveroftheboxisfilledwithaninsultingmateriallike

glasswool,saw-dust,paddyhusketc.

Whenplacedinsunlight,thesolarrayspenetratetheglasscoversandareab¬sorbedbythe

blackenedsurfacetherebyresultinginanincreaseintempera¬tureinsidethebox.Cookingpots

blackenedfromoutsideareplacedinthesolarbox.Theuncookedfoodgetscookedwiththe

heatenergyproducedduetoin¬creasedtemperatureofthesolarbox.Collectorareaofsucha

solarcookercanbeincreasedbyprovidingaplanereflectormirror. Whenthisreflectoris

ad¬justedtoreflectthesunraysintothebox,thena15°Cto25°Criseintempera¬tureis

achievedinsidethecookerbox

(h)SolarElectricPowerGeneration:

Electricenergyorelectricitycanbeproduceddirectlyfromsolarenergybymeansof

photovoltaiccells.Thephotovoltaiccellisanenergyconversiondevicewhichisusedtoconvert

photonsofsunlightdirectlyintoelectricity.Itismadeofsemiconductorswhichabsorbthe

photonsreceivedfromthesun,creatingfreeelectronswithhighenergies.Thesehighenergy

freeelectronsareinducedbyanelectricfield,toflowoutofthesemiconductortodouseful

work.Thiselectricfieldinphotovoltaiccellsisusuallyprovidedbyap-njunctionofmaterials

whichhavedifferentelectri¬calproperties.Therearedifferentfabricationtechniquestoenable

thesecellstoachievemaximumefficiency.

(i)SolarThermalPowerProduction:

Solarthermalpowerproductionmeanstheconversionofsolarenergyintoelec¬tricitythrough

thermalenergy.Inthisprocedure,solarenergyisfirstutilisedtoheatupaworkingfluid,gas,

wateroranyothervolatileliquid.Thisheatenergyisthenconvertedintomechanicalenergyma

turbine.Finallyaconven¬tionalgeneratorcoupledtoaturbineconvertsthismechanicalenergy

intoelec¬tricalenergy.



.

CHAPTER5

CHARGECONTROLLERS

5.1Introduction

Thechargecontrollersareisa voltageorcurrentregulators.Itsmainfunctionistofullycharge
abatterywithoutpermittingoverchargeorreversecurrentflow(generallyduringnight).The
chargecontrollerissinglehandedlyresponsibleforensuringthesmoothfunctioningofthe
battery.
Everypowersystem requiresacontrolstrategytodescribetheinteractionsbetweenits
components.InstandalonePVsystem chargecontrollerisonesuchcontrolelementwhich
managestheenergyflowtoPVsystem,batteriesandloadsbycollectinginformationonthe
batteryvoltageandknowingthemaximum andminimum valuesacceptableforthebattery
voltage.

Typesofchargecontrollers
TherearemainlythreevarietiesofChargecontrollers
 OrdinaryONorOFFcontrol(1or2-stagecontrol)
 3-stageand/orPWM
 MPPT(MaximumpowerPointtracking)

OrdinaryONorOFFcontrol(1or2-stagecontrol)
OrdinaryONorOFFcontrollersconsistofarelaythatopensthechargingcircuitwhenapreset
high-voltagepointisreachedandclosesthecircuitagainwhenapresetlow-voltagelimitis
reached,allowingchargingtocontinue.Itisthesimplestcontrolstrategytocontrolthe
charginganddischargingofbattery.
Therearetwomainoperatingmodesforthecontroller:
 Normaloperatingcondition,whenthebatteryvoltagefluctuatesbetweenmaximumand

minimumvoltagesduetovariationinsolarirradianceetc.
 Overchargeorover-dischargeconditionoccurswhenthebatteryvoltagereachessome

criticalvalues.



OverchargingProtection:
Toprotectthebatteryagainstanexcessivecharge,thePVarraysaredisconnectedfromthe
system,whentheterminalvoltageincreasesaboveacertainthreshold Vmaxoff andwhenthe
currentrequiredbytheloadislessthanthecurrentdeliveredbythePVarrays.PVarraysare
connectedagainwhentheterminalvoltagedecreasesbelowacertainvalue Vmaxon. Ifasolar
arrayisconnectedtoalead-acidbatterywithnooverchargeprotection,thebatterylifewillbe
adverselyaffected.

Overdischargingprotection:
Toprotectthebatteryagainstanexcessivedischarge,thePVarraysaredisconnectedfromthe
system,whentheterminalvoltagedecreasesaboveacertainthreshold Vminoff andwhenthe
currentrequiredbytheloadisgreaterthanthecurrentdeliveredbythePVarrays.PVarraysare
connectedagainwhentheterminalvoltageimprovesaboveacertainvalue Vminon.  

3-stageand/orPWMchargecontroller:
ModernchargecontrollersusePulseWidthModulation(PWM)toslowlylowertheamountof
powerappliedtothebatteriesasthebatteriesgetcloserandclosertofullycharged.Thistype
ofcontrollerallowsthebatteriestobemorefullychargedwithlessstressonthebattery,
extendingbatterylife.Itcanalsokeepbatteriesinafullychargedstate(called“float”)
indefinitely.PWMismorecomplex,butdoesnothaveanymechanicalconnectionstobreak.
The3-stagePVChargeControllerusestheMicro-ProcessorandPWM(PulseWidthModulation)
togiveoptimalandsafecharging.ItmakesvaryingOn-Offpulsesofelectricalenergyto
connectordisconnectphotovoltaic(PV)panelfrom chargingthebatteryaccordingtothe
batterystate.Ithas3stagesofcharging,asfollows:

Bulkcharge:
InthismodePWMwavewillbeabsent.Henceapresetmaximumconstantamountofcurrent
(amps)isfedintothebattery.Asthebatteryisbeingchargedup,thevoltageofthebattery

increasesgradually.
Absorptioncharge:
Afterthepresetvoltageonthebatteriesisreachedthevoltageisthenheldconstant.Asthe
batterycontinuestobechargedatconstantvoltage,thechargingcurrentslowlydecreases.The
chargingvoltageisheldattheBulkVoltageSettingforonefullhourwithvariousrapidOn-Off
pulses(PWM).ItthenswitchestoFloatChargeMode.

Floatcharge

ThecontrollerwillmaintainthebatteryvoltageatthefloatvoltagesettingbygivingshorterOn-
pulsechargetomakeupforanydetectedselfdischargeofthebattery.Whenthebattery
voltagedropsbelowtheFloatVoltageSettingforatotalperiodof10minutes,anewcharging
cycleisactivatedinBulkorAbsorptionCharge.

Chargingofbattery:
Thethreestageschargingmethodworkswellwiththechemicalreactionthatoccursasa
batteryisbeingcharged.Whenabatteryismoredischarged,aregulatedmaximumcurrentcan
beapplied,sincethereisalotofmaterialavailableforthereactionstooccur.

Dischargingofbattery:
Asthebatteryrefills,lessandlesschemicalmaterialisavailableforthereaction.Byusing



PWMtoslowlyreducingthechargecurrent,whilemaintainingapresethighvoltage,thebattery
ismorecloselyrefilledatthereactionrateofthechemicals.Finally,theFloatvoltagekeepsthe
batteryfullychargedatalltimestakingcareoftheselfdischarge.

MPPT(MaximumPowerPointTracking):
ThenewerMaximum PowerPointTracking(MPPT)controllersaremorepowerefficient
comparedtootherchargecontrollers.Theymatchtheoutputofthesolarpanelstothebattery
voltagetoensuremaximumcharge(amps).

5.2FunctionofChargeController:

Themostessentialchargecontrollerbasicallycontrolsthedevicevoltageand

opensthecircuit,haltingthecharging,whenthebatteryvoltageascentstoacertainlevel.More

chargecontrollersutilizedamechanicalrelaytoopenorshutthecircuit,haltingorbeginning

powerheadingofftotheelectricstoragedevices.Generallysolarpowersystemsutilize12Vof

batteries.Solarpanelscanconveymuchmorevoltagethanisobligedtochargethebattery.The

chargevoltagecouldbekeptatabestlevelwhilethetimeneededtocompletelychargethe

electricstoragedevicesislessened.Thispermitsthesolarsystemstoworkoptimally

constantly.Byrunninghighervoltageinthewiresfromthesolarpanelstothechargecontroller,

powerdissipationinthewiresisdiminishedfundamentally.Thesolarchargecontrollerscan

alsocontrolthereversepowerflow.Thechargecontrollerscandistinguishwhennopoweris

originatingfrom thesolarpanelsandopenthecircuitseparatingthesolarpanelsfrom the

batterydevicesandhaltingthereversecurrentflow.From thebelowexample,inthisasolar

panelisusedtochargeabattery.Asetofoperationalamplifiersareusedtomonitorpanel

voltageandloadcurrentcontinuously.Ifthebatteryisfullycharged,anindicationwillbe

providedbyagreenLED.Toindicateundercharging,overloading,anddeepdischarge

conditionasetofLEDsareused.AMOSFETisusedasapowersemiconductorswitchbythe

solarchargecontrollertoensurethecutoffloadinlowconditionoroverloadingcondition.The

solarenergyisbypassedusingatransistortoadummyloadwhenthebatterygetsfullcharging.

Thiswillprotectthebatteryfromovercharging.



Thisunitperforms4majorfunctions:

 Chargesthebattery.
 Givesanindicationwhenbatteryisfullycharged.
 Monitorsthebatteryvoltageandwhenitisminimum,cutsoffthesupplytotheloadswitch

toremovetheloadconnection.
 Incaseofoverload,theloadswitchisinoffconditionensuringtheloadiscutofffromthe

batterysupply.

5.3Advantages

 Advancemicroprocessorcontrol
 Buckregulatorwideinputrange
 MaximumPowerPointTracking(MPPT)



 SolarchargecontrollerwithDCloadcontrol
 ReversepolaritiesprotectionofPVandbattery
 Batteryoverchargeandoverdischargeprotection
 Temperaturecompensation(-3to-7mV/Cell/Celsius)
 Lightingsurgeprotection(TVSS)
 3-stepchargingtoprovidequickandsafechargingforbattery
 Automaticcoolingfan(outsideenclosure)
 7modestimercontrol(ON/OFFDCload)selectable

5.4Disadvantages

1.Dependencyonspecializedandaccuratesensors(Voltageand/orCurrentsensors)

5.5Applications
Inrecentdays,theprocessofgeneratingelectricityfromsunlightishavingmore

popularitythanotheralternativesourcesandthephotovoltaicpanelsareabsolutely
pollutionfreeandtheydon’trequirehighmaintenance.Thefollowingaresomeexamples
wheresolarenergyisutilizing
 StreetlightsusephotovoltaiccellstoconvertsunlightintoDCelectriccharge.Thissystem

usessolarchargecontrollertostoreDCinthebatteriesandusesinmanyareas.
 HomesystemsusePVmoduleforhouse-holdapplications.
 Hybridsolarsystemusesformultipleenergysourcesforprovidingfulltimebackupsupplyto

othersources.

. CHAPTER6
OTHERIMPORTANTCOMPONENTS

6.1LEDLights
LEDis a pn-junctiondiodethatmainlyusedasareplacementof

incandescentlights.Itisbasedontheelectroluminescenceeffect–Aprocesswherediode
convertselectriccurrenttolightwhenelectrons changetheirstateinsidetheLED
semiconductors.Thepn-junctionisnothingbutacombinationofbothN-typeandP-type
semiconductormaterials.Thematerialformingthejunctiondiodeisnotidenticaltoother
mainstreamdiodes,asitcomeswithatransparentpackage,allowingtheinfraredand
visiblelighttopassthroughthejunction.TheLEDcontainstwoterminalsknownasanode
andcathode.Theformercontainsapositivechargeonitandcomeswiththelongerlead
ascomparedtoother,andlatercontainsnegativechargeonit.
LEDwillbeworkingunderonecondition:theanodeterminalshouldbeputatahigherpotential
thancathodeterminalascurrentflowsfromanodetocathode(positivetonegative).LEDwon’t
conductiftherespectiveterminalsareconnectedinthereverseorder.



LEDs,alsoknownasinfrared-emittingdiodes,areveryhelpfulinawiderangeof

applications.Theexpertswerealwaysinaneedofcreating analternativeofregularbulbs

that turned out to be expensive and less efficient.The first experiment on

electroluminescencewasconductedin1907,followedbythenumberofexperimentslater

onthatresultedinthedevelopmentofthevisiblelight.ThebrightnessofeveryLEDdepends

onthecurrentdrawnbyit–themostthecurrentdrawnthemorebrightnesswillbe.Thereis

athresholdsetforthecurrenteveryLEDcanwithstand,increasingitfromtheratedvaluewill

burntheLED.



In thestart,LEDscamewithInfraredlow-intensitylightthatgroovedtheirwayintheremote

controlapplications,mainlytargetingconsumerelectronics.Inthattime,theRedlightwas

mainlyusedintheLED,however,in2002theexpertsweresucceededinaddingtheWhite

lightintheLED semiconductor.TheLED underwentthroughanumberoftestsand

experimentsandevolvedovertheyears,however,recentLEDscomewithdifferent

wavelengthsrangingfrom ultraviolet, visible,toinfrared wavelengths,producing lightwith

highbrightness.TheefficiencybywhichtheLEDconvertselectricityintothelightis

remarkablethatmakesitanidealchoiceinthecomputerchiptechnology,addinganextra

layerofbothefficiencyandrobustness.

Working

LEDismainlycomprisedoffourpartsknownasdie,substrate,phosphor,andlens.

Thedieisasemiconductormaterialcontaininggallium nitride(GaN)thatemitsbluelight



whentheelectriccurrentpassesthroughit.InordertoprovideeasyintegrationofLED,one

ortwodiesareusedincombinationwiththesubstrate,generatingenoughpowertolightup

theLED.Thewhitelightismainlypreferredoverblueoneingenerallightingapplications

where thedesiredcolorisproducedusingphosphor.Thebluelight,emittingfromthedie,will

generatewhitelightonceithitsphosphorparticles.Itisimportanttonotethatthephosphor

canbeappliedtodiematerialbothways:directlyorlayeredwiththelensmaterial thateither

extractsordirectsthelightandmainly comeswith siliconorglass.TheLED,moreoftenthan

not,generatesmonochromaticlightrangingfromredtoblueandviolet.TraditionalLEDsare

formedusinginorganicsemiconductormaterialsincludingaluminum,gallium,silicon,indium,

andzincthatproduceadifferentcolorbasedonthetypeofmaterialused:aluminumgallium

phosphideproducesgreencolor,whilealuminum gallium nitride,andaluminum gallium

arsenideproducingultravioletandredlightrespectively.TheLEDsarealsoratedwith

respecttothevoltagerequiredtoturnthem onwhereredLEDscomewithamaximum

voltageratingofaround2.2V,whileblueLEDsandwhiteLEDscomewithavoltageratingof

3.4Vand3.6Vrespectively.LEDsareavailableinavarietyoftypes.Somearepreferredover

othersbasedonthenatureofapplications.FollowingaresomemaintypesofLEDs.The

compactsizeoftheLEDmakesitstandfitinhardtoreachplacesincludingceilinglighting,

covelighting,tray,andcabinetlighting.

Applications

TherearemanyapplicationsoftheLEDandsomeofthemareexplainedbelow.

 LEDisusedasabulbinthehomesandindustries
 Thelightemittingdiodesareusedinthemotorcyclesandcars
 Theseareusedinthemobilephonestodisplaythemessage
 Atthetrafficlightsignalsled’sareused.

6.2Batteries
A battery isadeviceconsistingofoneormore electrochemicalcells withexternal

connectionsforpoweringelectricaldevicessuchas flashlights, mobilephones.and electric
cars.Whenabatteryissupplying electricpower,itspositiveterminalisthe cathode andits
negativeterminalisthe anode.Theterminalmarkednegativeisthesourceofelectronsthatwill
flowthroughanexternalelectriccircuittothepositiveterminal.Whenabatteryisconnectedto
anexternalelectricload,a redox reactionconvertshigh-energyreactantstolower-energy
products,andthe free-energy differenceisdeliveredtotheexternalcircuitaselectrical
energy. Historicallytheterm "battery"specificallyreferredtoadevicecomposedofmultiple
cells,howevertheusagehasevolved to includedevicescomposed ofasinglecell.
Primary (single-use or "disposable") batteries are used once and discarded, as



the electrode materialsareirreversiblychangedduringdischarge;acommonexampleis
the alkaline battery used for flashlights and a multitude of portable electronic
devices. Secondary(rechargeable)batteriescanbedischargedandrechargedmultipletimes
usinganappliedelectriccurrent;theoriginalcompositionoftheelectrodescanberestoredby
reverse current.Examples include the lead-acid batteries used in vehicles and lithium-
ion batteriesusedforportableelectronicssuchas laptops andmobilephones.Batteriescome
inmanyshapesandsizes,fromminiaturecellsusedtopower hearingaids andwristwatchesto
small,thincellsusedin smartphones,tolarge leadacidbatteries orlithium-ionbatteriesin
vehicles,andatthelargestextreme,hugebatterybanksthesizeofroomsthatprovidestandby
oremergencypowerfor telephoneexchanges andcomputer datacenters.Batterieshavemuch
lower specificenergy (energyperunitmass)than common fuels such as gasoline.In
automobiles,thisissomewhatoffsetbythehigherefficiencyofelectricmotorsinconverting
chemicalenergytomechanicalwork,comparedtocombustionengines.

History

Theusageof"battery"todescribeagroupofelectricaldevicesdatesto Benjamin
Franklin,whoin1748describedmultiple Leydenjars byanalogytoa batteryofcannon
(BenjaminFranklinborrowedtheterm"battery"fromthemilitary,whichreferstoweapons
functioningtogether).Italianphysicist AlessandroVolta builtanddescribedthefirst
electrochemicalbattery,the voltaicpile,in1800. Thiswasastackofcopperandzincplates,
separatedbybrine-soakedpaperdisks,thatcouldproduceasteadycurrentforaconsiderable
lengthoftime.Voltadidnotunderstandthatthevoltagewasduetochemicalreactions.He
thoughtthathiscellswereaninexhaustiblesourceofenergy, andthattheassociatedcorrosion
effectsattheelectrodeswereamerenuisance,ratherthananunavoidableconsequenceof
theiroperation,as MichaelFaraday showedin1834.Althoughearlybatterieswereofgreat
valueforexperimentalpurposes,inpracticetheirvoltagesfluctuatedandtheycouldnotprovide
alargecurrentforasustainedperiod.The Daniellcell,inventedin1836byBritishchemist John
FredericDaniell,wasthefirstpracticalsourceof electricity,becominganindustrystandardand
seeingwidespreadadoptionasapowersourcefor electricaltelegraph networks.Itconsistedof
acopperpotfilledwitha coppersulfate solution,inwhichwasimmersedan
unglazed earthenwarecontainerfilledwith sulfuricacidandazincelectrode.Thesewetcells
usedliquidelectrolytes,whichwerepronetoleakageandspillageifnothandledcorrectly.Many
usedglassjarstoholdtheircomponents,whichmadethemfragileandpotentiallydangerous.
Thesecharacteristicsmadewetcellsunsuitableforportableappliances.Neartheendofthe
nineteenthcentury,theinventionof drycellbatteries,whichreplacedtheliquidelectrolytewitha
paste,madeportableelectricaldevicespractical.

Working

Batteriesconvert chemicalenergydirectlyto electricalenergy.Inmanycases,the
electricalenergyreleasedisthedifferenceinthecohesiveorbondenergiesofthemetals,
oxides,ormoleculesundergoingtheelectrochemicalreaction.Forinstance,energycanbe
storedinZnorLi,whicharehigh-energymetalsbecausetheyarenotstabilizedbyd-electron
bonding,unlike transitionmetals.Batteriesaredesignedsuchthattheenergetically
favorable redox reactioncanoccuronlyifelectronsmovethroughtheexternalpartofthe
circuit.Abatteryconsistsofsomenumberof voltaiccells.Eachcellconsistsoftwo half-
cells connectedinseriesbyaconductive electrolytecontainingmetal cations.Onehalf-cell
includeselectrolyteandthenegativeelectrode,theelectrodetowhich anions(negatively



chargedions)migrate;theotherhalf-cellincludeselectrolyteandthepositiveelectrode,to
which cations (positivelycharged ions)migrate.Cationsarereduced(electronsareadded)at
thecathode,whilemetalatomsareoxidized(electronsareremoved)attheanode.Somecells
usedifferentelectrolytesforeachhalf-cell;thenaseparatorisusedtopreventmixingofthe
electrolyteswhileallowingionstoflowbetweenhalf-cellstocompletetheelectricalcircuit.

Typesofbatteries

 Primary batteriesaredesignedtobeuseduntilexhaustedofenergythendiscarded.Their
chemicalreactionsaregenerallynotreversible,sotheycannotberecharged.Whenthe
supplyofreactantsinthebatteryisexhausted,thebatterystopsproducingcurrentandis
useless.

 Secondary batteriescanberecharged;thatis,theycanhavetheirchemicalreactions
reversedbyapplying electriccurrenttothecell.Thisregeneratestheoriginalchemical
reactants,sotheycanbeused,recharged,andusedagainmultipletimes.

Sometypesofprimarybatteriesused,forexample,for telegraph circuits,wererestoredto
operationbyreplacingtheelectrodes. Secondarybatteriesarenotindefinitelyrechargeabledue
todissipationoftheactivematerials,lossofelectrolyteandinternalcorrosion.

6.3Fiberglass

Glassfiber alsocalledfiberglass.Itismaterialmadefromextremelyfine  ofglass
Fiberglassisalightweight,extremelystrong,androbustmaterial.Althoughstrengthproperties
aresomewhatlowerthancarbonfiberanditislessstiff,thematerialistypicallyfarlessbrittle,
andtherawmaterialsaremuchlessexpensive.Itsbulkstrengthandweightpropertiesarealso
veryfavorablewhencomparedtometals,anditcanbeeasilyformedusingmoldingprocesses.
Glassistheoldest,andmostfamiliar,performancefiber.Fibershavebeenmanufacturedfrom
glasssincethe1930s.

Astotherawmaterialglassusedtomakeglassfibersornonwovensofglassfibers,
thefollowingclassificationisknown:

1.A-glass: Withregardtoitscomposition,itisclosetowindowglass.IntheFederalRepublicof
Germanyitismainlyusedinthemanufactureofprocessequipment.

2.C-glass: Thiskindofglassshowsbetterresistancetochemicalimpact.

3.E-glass: ThiskindofglasscombinesthecharacteristicsofC-glasswithverygoodinsulation
toelectricity.

4.AE-glass: Alkaliresistantglass.

Generally,glassconsistsofquartzsand,soda,sodiumsulphate,potash,feldsparandanumber
ofrefininganddyingadditives.Thecharacteristics,withthemtheclassificationoftheglass
fiberstobemade,aredefinedbythecombinationofrawmaterialsandtheirproportions.
Textileglassfibersmostlyshowacircular.



Properties

Glassfibersareusefulbecauseoftheirhighratioofsurfaceareatoweight.However,
theincreasedsurfaceareamakesthemmuchmoresusceptibletochemicalattack.Bytrapping
airwithinthem,blocksofglassfibermakegoodthermalinsulation,withathermalconductivity
oftheorderof0.05W/(mK).Thestrengthofglassisusuallytestedandreportedfor"virgin"or
pristinefibersthosewhichhavejustbeenmanufactured.Thefreshest,thinnestfibersarethe
strongestbecausethethinnerfibersaremoreductile.Themorethesurfaceisscratched,the
lesstheresultingtenacity.Becauseglasshasanamorphousstructure,itspropertiesarethe
samealongthefiberandacrossthefiber.Humidityisanimportantfactorinthetensile
strength.Moistureiseasilyadsorbed,andcanworsenmicroscopiccracksandsurfacedefects,
andlessentenacity.Incontrasttocarbonfiber,glasscanundergomoreelongationbeforeit
breaks.Thereisacorrelationbetweenbendingdiameterofthefilamentandthefilament
diameter.Theviscosityofthemoltenglassisveryimportantformanufacturingsuccess.
During drawing (pullingoftheglasstoreducefibercircumference),theviscosityshouldbe
relativelylow.Ifitistoohigh,thefiberwillbreakduringdrawing.However,ifitistoolow,the
glasswillformdropletsratherthandrawingoutintofiber.Fiberswithlong-staplequalitiesare
manufacturedthroughstaplefiberprocess.Therearemanymethodsforproducingsuchfibers.
Inoneofsuchmethods,themoltenglassflowsthroughthesmallholesofbushing,wherejets
ofcompressedairshakethethinstreamsofmoltenglassintofinefibers.Thesefibersvaryin
lengthrangingfrom8to15inches.Thefibersfallthroughasprayoflubricantandadrying
flameontoerevolvingdrumwheretheyformintoathinweb.Thesefibersintheformofweb
aregatheredfromthedrumintoasliver.Yarnisthenmadefromthissliverbysimilarmethods
thatareadoptedformakingcottonorwoolyarns.Theseyarnsareusedforfabricsforindustrial
purposeswhereinsulationisrequired. Inyetanothermethod,theendsoftheglassrodsare
meltedfromwhichdropsofglassfallawaydrawingoffglassfilamentsafterthemontoa
speedilyrevolvingcylinderwheretheyarewoundparalleltoeachother.Awebofsliveris
formedifthecylindermovessideways.Sometimes,thestaplemaybethrownoffthecylinder
ontoastationarysievewhereitformsasliver.Ineitherconditions,thesliveristhenconverted
intospunyarn.
Thestaplefiber,ifsubjectedtooven,iscompressedtothedesiredthicknessandthebinder
whichwasearlierapplied,iscured.ThispermanentlybindsthefibersInthisprocess,
continuousfilamentsofindefinitelengthisproduced.Themoltenglasspassesthrough
spinneretshavinghundredsofsmallopenings.Thesestrandsofmultiplefilamentsarecarried
towinderrevolvingatveryhighspeedofmorethan2milesperkm.Thisprocessdrawsoutthe
fibersinparallelfilamentsofthediameteroftheopenings.Asizingorabinderisappliedto
facilitatethetwistingandwindingprocessandtopreventbreakageduringyarnformation.After
winding,filamentsarefurthertwistedandpliedtomakeyarnsbymethodssimilartothosefor
makingothercontinuousfilamentyarns.Thesizing isremovedthroughvolatizinginanoven.
Theseyarnsareusedformakingsuchitemsascurtainsanddrapes.



CHAPTER7

WORKINGPROCEDUREOFTHEPROJECT

Energyinenvironment,suchasheat,light,wind,vibrationcanbecollected

andconvertedintoelectricalenergywhichcanbestoredandtransmittedeasily,deliverpower

directlytotheelectricelementsorstoredinbatteries,ultra-capacitors,andthisprocessis

called energyharvesting.Piezoelectricenergyharvestingismainlyfor mechanicalvibration,it’s

widespreadineverydaylife,suchasrefrigerators, washingmachines,industrialequipment,

vehiclescausedbyvibration .Highwaycarriesthemainroadtrafficdemands,mechanical

vibrationenergyofhighwayvehiclescanbeenormous.Piezoelectricmaterials areelectrically

chargedwhenstressed,andhowmuchitiselectricallychargedisdeterminedbytheforce,

characteristics,electromechanicalcoupling ofpiezoelectric materialperformance and

structure .Piezoelectricmaterialsarecorecomponentsofpiezoelectricenergyharvesting,

advancesinmaterialsresearchdeterminestheenergycollectionefficiency.Theenergydensity

ofthematerialparametersof piezoelectricvoltage (g)andthepiezoelectricstraincoefficient(d)

multipliedby(d * g).Theconditiontogetmaximum(d * g)is|d| = ε2, ε isthedielectricconstant

ofthematerial.Piezoelectricenergyharvestingdevicesarecommonlyusedintwomodes:33-

modeand31-mode.As Fig.1 shows,in33-mode,theexternalstressdirectionandgeneratea

voltageinthesamedirection,in31-mode,theappliedstressisaxialandperpendiculartothe

directionofthe voltagegenerated.



Commonpiezoelectricvibrationenergyharvestingstructuresarestacked,cantileveredbeam,
cymbals.As Multiplestacked piezoelectricstructure containingmorethantwolayersofwafer
structure,thisstructureiscapableofimprovingthecurrentandvoltage,andtheworkingstatus
isalwaysd33-mode,suitableforlowfrequencysingle axialstress condition,easytoassemble.
As Fig.4shows,bimorphpiezoelectric cantileverbeam isassembledbybeammaterialandtwo
layersofPiezoelectric ceramiccomposition, conductiveadhesive,twopiezoelectricfilmsby
seriesorparallelconnection,ablockissetattheendofcantilever,whichcanincreasethe
cantileverbeamamplitudeandadjustthefrequencytoincreasetheoutputpowertoapplyto
realneeds.As Cymbal-typestructureconsistsoftwoconcavemetallidsandwicheda
Piezoelectricceramiccompositioninthemiddle,whichconsistsoftwolid0.3–0.5 mmthick
andismadeofsteel,whichconvertverticaldisplacementoftheceramiclidto lateral
displacement.Itsceramicisprotectedbyametalcap,whichcanbeappliedtoconditionsof

highstress,stressamplificationgeneratesmorepower,thesizeandmaterialofcapcan
beadjustedtochangethe resonancefrequencyPiezoelectric energyharvestingtechnology
utilizethecharacteristicofelectromechanicalcouplingof piezoelectricmaterials,directly
convertmechanicalenergytoelectricalenergy,comparedtoelectromagneticandelectrostatic
generating,piezoelectricpowergenerationwithoriginalsmallsize,doesnotneedanexternal
powersupply-drivenandsoon .Basedontheseadvantages,thepiezoelectrictechnologyhas
developedrapidly,butmostpiezoelectricdevicesareusedtocollectfixedmechanical
equipmentvibrationenergy, tidalandwindpower,theapplicationofpiezoelectrictechnologyin
theroadisstillintheresearchstage .Bothathomelandandabroad,piezoelectricroadin
theoreticalresearchhasachievedcertainresults,butonthewholeisstillinitsinitialstages.

Powerusingpiezoelectricmaterial



.

CHAPTER8
RESULTSANDCONCLUSIONS

8.1RESULTOFOURPROJECT
Thisprojectexpectedtremendousmeasureofwork,researchand

commitment.Yet,thisprojectwouldnothavebeenconceivableintheeventthatwedidn'thave
abackingofindividualsfromTeammembers.HenceIwouldliketoextendmytrue
appreciationtoeveryoneofthem.ThisprojectwasmainlysupportedbyDr.V.PRATHAPBABU
SIRwhoprovidedproficiencyandexpertisethatgreatlyaidedtheresearchandalsoprovided
valuablecommentrecommendationsonthiswhichgavemeamotivationtoenhancethispaper.
IalsothankMrGodfriendAsanteforassistancewithguidancetoresearchmethodology,and
Mymembersforcommentsthatgreatlyimprovedthemanuscript.Nevertheless,Iexpressmy
thankfulnesstowardmyfamilyfortheirkindcollaborationandencouragementtoseek
knowledgeondemandandcraveforeducationwhichhelpsmeincompletionofthisproject.

 Piezoelectricroadintegratedtechnologyisanewenergyevolutionandhence
piezoelectricawarenessandexpertiseinthissectorareverylimited.Thiswasalsoobservedin
primarydatacollectedusingquestionnairesandinterviewtohaveobtaininvalidandbias
information.

2.Thepowermetricsprovidedbyvendorsdoesnotprovideadditionaltechnicaldetails.The
vendorswerecomparedusingvibration-basedfactoronly.Othertechnicalfactorswerenot



analysedintermsofpiezoelectricgeometry,structure,andthickness.Thisiscommonhaving
nottorevealafulltechnicalreportofthistechnologytopreserveinnovation,inventionrights
andsecuritiseeffectivebusinessstrategies.

3.Implementingpiezoelectricroadtechnologyonfieldrequiresastandardspecificationinthe
executionprocesswhichhasnotbeenestablished.Thisisimportantastouseappropriate
managementandmethodtopreventmanipulatingwithroadinfrastructureandminimizetraffic
congestion.

8.2Conclusion

Havingmetthepowermetricswillmakesuchinventionastartingpointtoself-
sustainingenvironmentbybeingdependentonvehicleelementstocurbdowninputenergyand
cost.Thiswillbearevolutionintheproductionofenergybymeetinginnovationsand
technologiestoshapefutureenergy.However,furtherconcentrationisrequiredtoquantifyand
resultinagreaterpoweroutcometobecomeareliablesourceofelectricity.

Howeverwiththeanalysisobserved,resultsarenottakenforgrantedtocomplywiththe
originalhypothesis.Respondentsengagedinthisstudyemployedanerrorvariablewhichmight
failthehypothesis.Having34%oftherespondentsunawareofpiezoelectricitytosupport
researchhypothesisdevelopmisleadinginformation.Inadditionto48%respondentswhich
generatesahigherdeviationawayfromtheprovenhypothesis.Thedataisgrantedforonly3%
tohavepowerasphaltsintermsofstreetlightsapplication.Chi-testStatisticalApproach:To
furtherensurebiasanswersprovidedbytherespondents,achi-testisusedtohaveaprecise
measureofthepercentageerrorbyrespondents.Thisanalysisdeterminesthesignificanceof
respondentsansweredbychancebasedontheirpiezoelectricawarenessandpowerasphalt
principlevariable.Foravaliddata,thesignificancelevelmustfallunder0.005%or5%
probabilityforthisresearch.However,thechi-testtableprovidedaccordingtotablecountshows
insignificantresultsandthusfailstosupporttheprovenhypothesisofpowerasphaltreliability.
Inotherwords,thelikelihoodtohaveansweredthepowerasphaltreliabilityis56%bychance,
asshownintwosidedPearsonchi-square.Thispercentagedeviatescriticallyfromthe
significantlevelof0.05whichconcludesunreliableresultsgivenbyrespondentsandthus
failuretosupporthypothesis.

8.3Futurescopeoftheproject

Withthevastamountofwearabletechnologyavailable,thedemandfor
compactdeviceswithsmallerbatteries,ornobatteriesatall,andlongerchargedurationhas
presentedachallenge.Consumersofwearabletechnologywanttheconvenienceofaportable
devicewithouttheneedforfrequentchargingorbulkyandexpensivebatteries.Producersof
wearabletechnologyarethentaskedwithcreatingdevicesthatmeetthisdemand.Theuseof
piezoelectriccomponentsinwearabletechnologyisanemergingsolutionforthisissue.The
sciencebehindpiezoelectricitystatesthatcertainmaterialswillproduceanelectricalcharge
whenforceorpressureisapplied.Thedirect piezoelectriceffectistheprocessthroughwhich
anelectricalchargeisproducedasaresultofanappliedstress,mechanical,thermalorother.
Theconversepiezoelectriceffectisthedimensionalchangethatresultsfrom anapplied



electricalfield.Onepotentialuseforthistechnologyistoallowwearabledevicestobecharged
frombodymovement,pressureorotherexternalforces.

Bulkpiezoelectriccomponentsarepolycrystallineceramiccomponents
containingmetaloxides.Theycanbeproducedonasmallorlargescaleandmanipulatedinto
manydifferentshapesandforms.Theyarealsorelativelyinexpensivetoproduce.
Piezoelectricityisagreenformofenergysinceitharvestselectricityfromambientsources.Its
usestandstoreduce,oreveneliminate,theneedforfrequent chargingofdevicesandbatteries.
Consumerswillnolongerbeburdenedwithhavingtobenearanelectricaloutlet,whichwillin
turnconserveelectricity.Asaresult,wearabledevicesandmoreefficientbatterieswillhave
longerusablelives.Thiswillalsoreducetheenvironmentalhazardspresentedbythefrequent
disposalofbatteriesandelectricalcomponentsintolandfills.Energyharvestingisaprocess
thattakesanotherwisewastedenergysourceandconvertsitintoelectricalenergy.Theenergy
canthenbestoredincapacitorsorbatteriesandusedtosupplypower.Ambientenergycanbe
harnessedfromtheenvironmentaroundus.
Methodsofenergyharvestinginclude:
– Electromagneticemissions: Energyisharvestedfromradiofrequenciesandsignalssuchas
Wi-FiandBluetooth.
– Kinetic: Energyisharvestedbymovementorfriction.Deviceswillhavetheabilitytobe
chargedandpoweredjustbyusermovement.
– Solarcell: Energyisharvestedfromthesun.Inthepast,thisformofenergyharvestinghas
beenusedinwatchesaswellasothersmallwearabledevices.Oneofthemainissueswiththis
kindofenergyharvestingisthatthedevicemustbeconstantlyexposedtothelighttocontinue
charging.Asolutiontothisisafabricthathascellswovenintoitandisdesignedtoharvest
energyfrombothsolarandindoorlight.
– Thermoelectric: Thistypeofenergyharvestingconvertsheatintoelectricenergy.Potential
usesincludecellsthatusehumanbodyheattoproduceenergy.Oneadvantageofthistypeof
energyharvestingisthatitcanbeusedatalltimesofday.
– Piezoelectric: Thistypeofenergyharvestingconvertsmechanicalenergyfromvibrationsor
shocksintoelectricalenergy.
Oncetheenergysourceispresent,therearethreeotherfactorsthatmustbepresentto
completeanenergyharvestingsystem.Energyharvestinghasbeenaroundsincethedays
whensolarpower,waterandwindwereusedtogenerateelectricityforfactories,farmsand
homes.Whilestillusedinmanyofthesameapplicationstoday,theprimarygoalofenergy
harvestingnowistoeliminatedependenceonbatteriesinelectricaldevices.
Energyharvestingcanbeseenincurrentproductssuchastoys,satellites,watches,calculators
andstreetlights.Theabilitytocollectandstoreambientenergyfrommotions,radiofrequencies
andotherenvironmentalsourcesisanencouragingsteptowardglobalenergyconservation.Its
useinnewtechnologies,particularlyinwearabledevices,presentsanexcitingnewsetof
prospectiveapplications.Infact,theenergyharvestingindustryisexpectedtoreach$2.6billion
by2024.

Energyharvestinghasthepotentialtoforeverchangethewaywearable
technologyisused.Wearabledeviceswouldessentiallybeself-chargingandself-powering.
Consumerswouldbeabletousedeviceswithlittletononeedforbatteriesorelectricityto
charge.
Thedesireforwearabledevicestobeinexpensive,compactandpowerfulhaspushedtheir
producerstoexploredifferentmethodsofenergyharvesting.Ofallthemethodsavailable,three



are always being evaluated foruse with wearable devices:solar,thermoelectric and
piezoelectric.
Whileallthreeenergymethodsshowpotentialforusewithwearabledevices,eachhastheir
ownadvantagesandlimitations.Theissueisnotsomuchwithcreatingenoughenergyto
powerthedevice,butmorewiththeenergydrawcreatedbytheconstantconnectivitywith
Bluetooth,Wi-Fiandotherwirelesssignals.Whilecurrentenergyharvestingmethodshave
proveneffectiveinextendingratherthantotallyeliminatingbatteriesfrom wearabledevices,
researchcontinuestobringtheultimategoalofcompletebatteryreplacementclosertofruition.
Solarenergyharvestinginvolvestheuseofsmallsolarcellsthatrequiredirectsunlightto
maintaintheiroptimumpoweroutput.Theircompactsizemakessolarcellsagoodoptionwith
wearabledevices–butmostpeopledonothaveaccesstotheamountofdirectsunlight
neededtoefficientlypowerthem.
Thermoelectricenergyharvestinginvolvesusinghumanbodyheat.Whilethisisanunlimited
resource,itisdifficulttomaintainthetemperaturedifferentialneededtopowerthesystem
withoutincreasingthesizeoftherequiredenergyharvestingcomponents.Harvestingenergy
usingpiezoelectricceramicinvolvestheconversionofenergyfromvibrationsthatoccurduring
walking,breathingandmoving.Whenstressed,piezoelectriccomponentscreateanelectrical
currentthatcanbeimmediatelyusedorstored.
Researchisongoingintothepracticalityofpiezoelectricenergyharvestinginwearabledevices.
Theamountofenergyproducedisstillrelativelysmall,andrequiredbodymovementsaren’t
oftenregularandpredictable.Also,alargesurfaceareaisoftennecessarytoharvesta
sufficientamountofenergy.Thispresentsachallengewhenthinkingofthesmallsizeneeded
inwearabledevices.
Twopromisingfactorsinsurmountingtheseobstaclesaretheversatilityofpiezoelectric
componentsandthefactthattheefficiencyofpiezoelectricenergyharvestinghasincreased,
whilethepowerrequirementsforcurrentwearabledeviceshavebeenreduced.
Therearefourdifferenttypesofmaterialsthatcanbeusedforpiezoelectricenergyharvesting:
ceramics,singlecrystals,polymersandcomposites.Ofthese,ceramicisthepreferredmaterial
forthistypeofenergyharvestingbecauseofitslowcost,effectivepiezoelectricpropertiesand
easyincorporationintoenergyharvestingdevices.
Piezoelectricmaterialsandcomponentseachhavetheirownpropertiesthatresultinthe
productionoforutilizationofdifferentelectricalandmechanicalfrequencies.Theseinclude
theirreactionstovibrationandothermechanicalstress,theirshape,theirdesignandtheir
chemicalmakeup.
Piezoelectricvibrationenergyharvestingisthepreferredmethodforusewithwearabledevices
sinceitisthemostcapableofproducingthepowerlevelneededforsmall-scaledevices.
Piezoelectricsensorsaredevicesthatcreateanelectricalsignalwhenacteduponbyaphysical
force(pressure,acceleration,vibration,etc.).Thissignalcanserveasamonitororsometimes
asthecreatoroftheelectricalsignalitself.Thesignalisthenroutedtoadataprocessing
system.Insomecases,thesensortechnologyitselfcanbeutilizedtoharvestenergywhenitis
notactivelysensing.
Typesofpiezoelectricsensorsinclude:
– Accelerometers: Sensorsthatcanmeasurevibrationandadjusttheinnerworkingsof
machinesaccordingly
– Flowsensors: Sensorsthatmonitorandregulatetheflowrateofliquids
– Levelsensors: Sensorsthatdetecthowmuchmaterialisinacontainer



Piezoelectricsensorsarecurrentlyinuseacrossmanyapplicationsandindustries.Theirlow
powerdemandandportabilitymaketheiruseinpiezoelectricsensornetworksanaffordable
andefficientoption.Here’salookatwhereyoucanfindthepiezoelectricsensors.
Piezoelectriccomponentscanbeusedforwearabletechnologiesandothernewtechnologies.
Theirusepresentsvastpossibilitiesacrossmanyindustries.Humancomfort,convenience,
healthandsafetyhavethepotentialtobegreatlyimprovedwiththeavailabilityanduseof
productscontainingpiezoelectriccomponents.Manyofthesecapabilitiesandproductsare
alreadyemergingintoday’ssociety.
Theseinclude:
–Apiezoelectricpacemakerthatispoweredbytherhythmofabeatingheart.Thiseliminates
theneedforinvasiveanddangeroussurgeryforbatteryreplacement
–Footpathlightingpoweredbyfootstepsstrikingenergy-absorbingtiles
–Theabilitytopowermonitoringandsensordevicesinremoteanddangerousplaces(bridges,
pipelines,etc.).Thiseliminatestherisktohumansthatariseswhenbatteriesneedchargingor
replacing
–Avehicledriver’sseatthatusespiezoelectricsensorstomonitorandsensedriver’sheartrate
andrespiration.Itusesvibrationsensorstoallowventilationandmassagefeaturestobe
automaticallyactivatedintheseatwhendriverstressisdetected
–Wearabledevicesthatcanbechargedbywalking,runningorotherphysicalactivity
Somewearablesensorsonthemarkettodayincludefitnessandactivitywristbandsand
monitorsthatobservedistance,respiration,heartrateandevensleeppatterns.Wirelessblood
pressurecuffsmeasurepatient’sbloodpressurethroughaphoneapp.Quartzwatcheshave
beenaroundforalongtimeandemploythenaturalpiezoelectricpropertyofquartztokeep
precisetime.Monitorsthatdetectandmeasurefetalheartbeatsusepiezoelectriccomponents
toconvertthevibrationintoareadablesignal.
Piezoelectriccomponentsforwearablesareidealduetotheirflexibility,relativelylowcostand
compactsize.Theycanalsobemanufacturedinallshapesandsizesandindifferentforms.
Theversatilityofpiezoelectriccomponentsoffersusersawidevarietyofoptionsforusewith
theirpiezoelectricprojects.Thedifferentpiezomaterialsavailableeachhavetheirownunique
propertiesthatcanbedesignedandadaptedfordifferentneedsanduses.
Whilestillinthedevelopingstages,theuseofpiezoelectriccomponentsasenergyharvesters
inwearabletechnologyhasalreadyproventobeafeasibleoptionindecreasingtheirsizewhile
maintainingbatterylife.
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                                       ABSTRACT 

                   Forest fire is getting worse for all these days. It has been found in a survey 

that 80% losses caused due to fire would have been kept away from the fire and identified 

promptly which can be detected and predicted using. NodeMCU based IoT empowered fire 

indicator and observing framework is the answer for this issue.  

In this project, a temperature sensor, flame sensor and smoke sensor is interfaced to 

NodeMCU detects the temperature and humidity produced from the fire. The values are 

taken from the Sensor and is uploaded to the cloud i.e. in NodeMCU. In this task, we 

have assembled fire finder utilizing Node MCU which is interfaced with a temperature 

sensor, a smoke sensor. The temperature sensor detects the warmth and smoke sensor 

detects any smoke produced because of consuming or fire and a buzzer associated with 

Arduino gives us an alert sign.  

Using threshold value, the temperature and smoke value is taken into consideration and an 

analysis is made to detect fire. When it is detected an email triggered with an alert 

message with the sensor values. The sensors high performance makes the readings 

accurate and data transmission is highly reliable. The final results show that the proposed 

method achieves up to 96.63% of true detection rates. These results indicate that the 

proposed method is accurate and can be used in automatic forest fire-alarm systems. 
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                                        CHAPTER-1 

                                           INTRODUCTION 

         

Forest fire also known as bush fire or hill fire is an uncontrolled fire occurring wild or forest 

This is because soil becomes water repellent and accepts no more water, leading to reduction 

areas. It is very important to detect these kinds of fires as early as possible so as to prevent 

the damage from it to ecological system. Every year millions of acres of forest are burnt 

down. The land with forest is burnt and it becomes impossible to grow vegetation over there. 

Once in place the sensors effectively detect and transmit the information needed to monitor 

air pollution, fire hazards that the local resilience managers can read in real time. The sensors 

high performance makes the readings accurate and data transmission is highly reliable.  

                                    During Normal Conditions a particular time interval if the temperature 

‘T’ which is output of temperature sensor is below the threshold value will indicate that   

there is no forest fire. These temperature values along with the value of humidity and smoke 

will be transmitted in real time to base station so as monitor the forest environment condition 

continuously. Any increase in the temperature than normal threshold value will give us 

indication of chances of fire. During Forest Fire Now if the temperature becomes greater than 

the normal or threshold temperature at the particular time an alert is send to base station 

through SMS. Also, the sensor values are sent continuously to the base station. The SMS will 

indicate the real time values of sensor data.  

 

 

 OBJECTIVES OF THE PROJECT: 

 Detect temperature rise using LM 35 Sensor 

 Detection of smoke which is caused due to fire using MQ2 smoke sensor. 

 Detection of flames is observed using Flame sensor(IR sensor) 

 Setup an SMS based Alert about the fire detection range specified mobile number 

(input inside the Arduino program). 

 Setup an SMS based alert to specified mobile number having the fire detected 

coordinates (GPS location)  

 Display status of Temperature in an LCD using a 16×2 LCD module. 

 A Buzzer is used to alert the Base station if Forest Fire is detected 

 To tracker the locate of fire detected zone using GPS sensor 

  To monitor the temperature and smoke values with wireless communication using                  

NodeMCU Wi-Fi module. 
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1.1 LITERATURE SURVEY 

Many solutions for detection of forest fire are presented and implemented in past 

few years. Video Surveillance System is most widely used for detection of forest 

fire. It is divided into four categories : Video Cameras sensitive in visible 

spectrum based on recognition of smoke during day light and fire flames at night, 

Infrared(IR)  Thermal Imaging cameras based on detection of heat flux from the 

fire, IR Spectrometer which identify spectral characteristics of smoke gases and 

Light Detection and Ranging (LIDAR) system which measures the laser light 

backscattered by smoke particles. The limitation of these systems was high false 

alarm rate due to atmospheric conditions such as presence of fog, shadows, dust 

particles etc.  

Another method is the use of Visual Cameras that take snapshots of the forest to 

detect the fire. These cameras were mounted on the top of communication towers. A 

rotating motor is installed to provide a full round view of the forest. The images 

obtained from the camera are processed using program or MATLAB code and are 

compared with the reference images taken at initial stage. This system also had 

limitation of high false alarm rate. Also, the cost of installation of visual cameras on 

communication towers was very high.  

Another method is the use of satellite system to detect the forest fire. The main 

components of the system are satellite(s) and the base station that collects the data 

send by the satellite(s) and runs the analysing algorithm. The raw data from the 

satellite(s) is processed and then Advanced Very High-Resolution Radiometer 

(AVHRR) instrument is used to detect presence of Hot Spots. However, the clouds 

greatly affect the system.  

Forest Fire Surveillance System which consists of WSN was also proposed for 

detection of forest fires in South Korea. The WSN determines the temperature and 

humidity after which middleware program and web application analyzes the collected 

data. However, in this approach of detection of forest fire there was some loss of data 

during communication.  

WSN consisting three different kinds of sensors which can detect temperature, flame 

and smoke levels of methane, carbon monoxide and carbon dioxide was also proposed 

for forest fire detection. The data acquired by sensors is transmitted using radio 

frequency module. The detection of forest fire. In this temperature data was 

transmitted to base station via primary radio frequency module used has limited 

bandwidth and also picks up noise easily.    

WSN consisting of temperature sensor setup and GPS module was also proposed for  

and main antenna using satellite. Some of the limitation of system was installation of 

too many antennas; continuous power was required to both temperature sensor setup 

and antennas.  
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                                  CHAPTER 2 

                             BLOCK DIAGRAM & DESCRIPTION   

2.1 BLOCK DIAGRAM: 

        

Fig 2.1 : Block Diagram 
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2.2   DESCRIPTION:     

           Arduino based forest fire detector with SMS indication using GSM modem and 

Nodemcu project detects the Fire in Forest. If any fire occurs then it sends SMS to the forest 

department using the GSM modem which consists of direction of occurrence of fire and GPS 

location. Arduino has inbuilt Analog to Digital converter so we need not to connect any 

external ADC IC. We have connected temperature sensor directly to the analog input pins of 

the Arduino Mega board. 

             During Normal Conditions at a particular time interval if the temperature ‘T’ which is 

output of temperature sensor is below the threshold value will indicate that   there is no forest 

fire. These temperature values along with the value of humidity and smoke will be 

transmitted in real time to base station so as monitor the forest environment condition 

continuously. Any increase in the temperature than normal threshold value will give us 

indication of chances of fire.  

During Forest Fire if the temperature becomes greater than the normal or threshold 

temperature at the particular time an alert is send to base station through SMS. Also, the 

sensor values are sent continuously to the base station. The SMS will indicate the real time 

values of sensor data  

            The LCD display will show the temperatures of each sensor. If any change occurs in 

any sensor then Arduino automatically compare the value with specified values. If the value 

is greater than the threshold value the Arduino will send signal to GSM to send the SMS alert 

to the respective Forest Department which consists of the direction of fire and location 

coordinates. A Buzzer is placed in the Base Station to alert the staff about the fire. 
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                                    CHAPTER – 3                           

     CIRCUIT DIAGRAM 

  CIRCUIT DIAGRAM: 

 

Fig 3.1 : Circuit Diagram 
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CHAPTER – 4 

   COMPONENTS & ITS DESCRIPTION                                                                                                                           

4.1. Arduino Mega 2560 

      

                               Fig.no:4.1  Arduino Mega 2560   

            

   The Arduino Mega 2560 is a microcontroller board based on 

the ATmega2560. It has 54 digital input/output pins (of which 15 can be used as PWM 

outputs), 16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a 

USB connection, a power jack, an ICSP header, and a reset button. It contains everything 

needed to support the microcontroller; simply connect it to a computer with a USB cable or 

power it with an AC-to-DC adapter or battery to get started. The Mega 2560 board is 

compatible with most shields designed for the Uno and the former boards Duemilanove or 

Diecimila. 

Arduino Mega 2560 Specification  

 Microcontroller: ATmega2560 

 Operating Voltage: 5V 

 Input Voltage (recommended):  7-12V 

 Input Voltage (limit): 6-20V 
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 Digital I/O Pins: 54 (of which 15 provide PWM output) 

 Analog Input Pins: 16 

 DC Current per I/O Pin: 20 mA 

 DC Current for 3.3V Pin: 50 mA+ 

 Flash Memory: 256 KB of which 8 KB used by bootloader 

 SRAM: 8 KB 

 EEPROM: 4 KB 

 Clock Speed: 16 MHz 

 LED_BUILTIN: 13 

 Length: 101.52 mm 

 Width: 53.3 mm 

 Weight: 37 g 

Arduino Mega 2560 Memory  

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for 

the bootloader), 8 KB of SRAM and 4 KB if EEPROM 

 Arduino Mega 2560 is a Microcontroller board based on Atmega2560. It comes with 

more memory space and I/O pins as compared to other boards available in the market. 

 There are 54 digital I/O pins and 16 analog pins incorporated on the board that make this 

device unique and stand out from others. 

 Out of 54 digital I/O, 15 are used for PWM (pulse width modulation). 

 A crystal oscillator of 16MHz frequency is added on the board. 

 This board comes with USB cable port that is used to connect and transfer code from 

computer to the board. 

 DC power jack is coupled with the board that is used to power the board. Some version of 

Arduino board lacks this feature like Arduino Pro Mini doesn’t come with DC power jack. 

 ICSP header is a remarkable addition to Arduino Mega which is used for programming the 

Arduino and uploading the code from the computer. 

 

https://www.theengineeringprojects.com/2018/03/introduction-to-microcontrollers.html


FOREST FIRE DETECTION AND CONTROL USING NODEMCU 

 

8 

 

 This board comes with two voltage regulators i.e. 5V and 3.3V which provides the 

flexibility to regulate the voltage as per requirements as compared to Arduino Pro Mini 

which comes with only one voltage regulator. 

 There is no much difference between Arduino Uno and Arduino Mega except later comes 

with more memory space, bigger size and more I/O pins. 

 Arduino software called Arduino IDE is used to program the board which is a common 

software used for all boards belonged to Arduino family. 

 Availability of Atmega16 on the board makes it different than Arduino Pro Mini which 

uses USB to serial converter to program the board. 

 There is a reset button and 4 hardware serial port called USART which produces a 

maximum speed for setting up communication. 

 Following figure shows the specifications of Arduino mega 2560. 

 

 Arduino Mega is specially designed for the projects requiring complex circuitry and more 

memory space. Most of the electronic projects can be done pretty well by other boards 

available in the market which make Arduino Mega uncommon for regular projects. 

However, there are some projects that are solely done by Arduino Mega like making of 

3D printers or controlling more than one motors, because of its ability to store more 

instructions in the code memory and a number of I/O digital and analog pins. 

 There are three ways to power the board. You can either use a USB cable to power the 

board and transfer code to the board or you can power it up using Vin of the board or 

through Power jack or batter. 

 Last two sources to power the board are required once you already built and compile code 

into the board through USB cable. 

 This board comes with resettable polyfused that prevents the USB port of your computer 

from overheating in the presence of high current flowing through the board. Most of the 

computers come with an ability to protect themselves from such devices, however, the 

addition of fuse provides an extra layer of protection. 

 It can be used either way i.e. for creating stand-alone projects or in combination with other 

Arduino boards. Most complex projects can be created using this board. 

Following figure shows the pinout of Arduino Mega 2560. 
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Fig.no:4.1.2 Arduino Mega Pinout  

 
 

 Each pin comes with a specific function associated with it. All analog pins can be 

used as digital I/O pins. 

 Designing of a project using Arduino Mega gives you the flexibility of working with 

more memory space and processing power that allows you to work with a number 

of sensors at once. This board is physically larger than other Arduino boards. 

APPLICATIONS: 

 Developing 3D printer 

 Controlling and handling more than one motors 

 Interfacing of number of sensors 

 Sensing and detecting temperature 

 Water level detection projects 

 Home automation and security systems 

 IoT applications 

 Parallel programming and Multitasking 
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4.2.  GSM MODULE: 

 
         A GSM modem duly interfaced to the MC through the level shifter IC Max232. The 

SIM card mounted GSM modem upon receiving digit command by SMS from any cell phone 

send that data to the MC through serial communication. While the program is executed, the 

GSM modem receives command ‘STOP’ to develop an output at the MC, the contact point of 

which are used to disable the ignition switch. The command so sent by the user is based on an 

intimation received by him through the GSM modem ‘ALERT’ a programmed message only 

if the input is driven low. The complete operation is displayed over 16×2 LCD display.   

GSM will allow communication anywhere, anytime, and with anyone. The functional 

architecture of GSM employing intelligent networking principles, and its ideology, which 

provides the development of GSM is the first step towards a true personal communication. 

 Once the header file is included, you can use simple commands in the program to tell the 

controller to send or receive data. The controller sends the data to the module through UART 

Interface based on protocol setup in libraries. The module sends this data to another GSM 

user using cellular network. If the module receives any data from the cellular network. 

 

 

 

 

Fig 4.2:GSM Module 

 

SIM900A GSM MODULE Features 

 Single supply voltage: 3.4V – 4.5V 

 Power saving mode: Typical power consumption in SLEEP mode is 1.5mA 
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 Frequency bands: SIM900A Dual-band: EGSM900, DCS1800. The SIM900A can search 

the two frequency bands automatically. The frequency bands also can be set by AT 

command. 

 GSM class: Small MS 

 GPRS connectivity: GPRS multi-slot class 10 (default) , GPRS multi-slot class 8 (option) 

 Transmitting power: Class 4 (2W) at EGSM 900, Class 1 (1W) at DCS 1800 

 Operating Temperature: -30ºC to +80ºC 

 Storage Temperature: -5ºC to +90ºC 

 DATA GPRS: download transfer max is 85.6KBps, Upload transfer max 42.8KBps 

 Supports CSD, USSD, SMS, FAX 

 Supports MIC and Audio Input 

 Speaker Input 

 Features keypad interface 

 Features display interface 

 Features Real Time Clock 

 Supports UART interface 

 Supports single SIM card           

 Firmware upgrade by debug port 

 Communication by using AT commands. 

 

 

 4.3.  TEMPERATURE SENSOR: 

             The LM35 is an integrated circuit sensor that can be used to measure temperature 

with an electrical output proportional to the temperature (in °C). It can measure temperature 

more accurately than a using a thermistor. The sensor circuitry is sealed and not subject to 

oxidation. The LM35 generates a higher output voltage than thermocouples and may not 

require that the output voltage be amplified. The LM35 has an output voltage that is 

proportional to the Celsius temperature. The scale factor is .01V/°C. 

 

Fig 4.3: Temperature Sensor LM35 

 

            There are two transistors in the centre of the drawing. One has ten times the emitter 

area of the other. This means it has one tenth of the current density, since the same current is 

going through both transistors. This causes a voltage across the resistor R1 that is 

proportional to the absolute temperature, and is almost linear across the range. The "almost" 
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part is taken care of by a special circuit that straightens out the slightly curved graph of 

voltage versus temperature. 

           The amplifier at the top ensures that the voltage at the base of the left transistor (Q1) is 

proportional to absolute temperature (PTAT) by comparing the output of the two transistors. 

The amplifier at the right converts absolute temperature (measured in Kelvin) into either 

Fahrenheit or Celsius, depending on the part (LM34 or LM35). The little circle with the "i" in 

it is a constant current source circuit. 

           The two resistors are calibrated in the factory to produce a highly accurate temperature 

sensor. The integrated circuit has many transistors in it -- two in the middle, some in each 

amplifier, some in the constant current source, and some in the curvature compensation 

circuit. All of that is fit into the tiny package with three leads. 

The LM35 series are precision integrated-circuit temperature devices with an output voltage 

linearly proportional to the Centigrade temperature. LM35 is three terminal linear 

temperature sensors from National semiconductors. It can measure 

temperature from -55 degree Celsius to +150 degree Celsius. The voltage 

output of the LM35 increases 10mV per degree Celsius rise in 

temperature. LM35 can be operated from a 5V supply and the stand by 

current is less than 60uA. The pin out of LM35 is shown in the figure 

below. 

Features 

• Calibrated Directly in Celsius (Centigrade) 

• Linear + 10-mV/°C Scale Factor 

• 0.5°C Ensured Accuracy (at 25°C) 

• Rated for Full −55°C to 150°C Range 

• Suitable for Remote Applications 

• Low-Cost Due to Wafer-Level Trimming 

• Operates from 4 V to 30 V 

• Less than 60-μA Current Drain 

• Low Self-Heating, 0.08°C in Still Air 

• Non-Linearity Only ±¼°C Typical 

• Low-Impedance Output, 0.1 Ω for 1-mA Load 
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Fig 4.3.1:LM35 Temperature Sensor 

 LM35 is a temperature measuring device having an analog output voltage 

proportional to the temperature. 

 It provides output voltage in Centigrade (Celsius). It does not require any external 

calibration circuitry. 

 The sensitivity of LM35 is 10 mV/degree Celsius. As temperature increases, output 

voltage also increases. 

            E.g. 250 mV means 25°C. 

 It is a 3-terminal sensor used to measure surrounding temperature ranging from -55 

°C to 150 °C. 

 LM35 gives temperature output which is more precise than thermistor output. 

 

 

  

https://cdn.instructables.com/FQ2/IK6S/JASJNMRD/FQ2IK6SJASJNMRD.LARGE.jpg?auto=webp&fit=bounds
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4.4. SMOKE SENSOR 

MQ2 is one of the commonly used gas sensors in MQ sensor series. It is a Metal Oxide 

Semiconductor (MOS) type Gas Sensor also known as Chemiresistors as the detection is 

based upon change of resistance of the sensing material when the Gas comes in contact with 

the material. Using a simple voltage divider network, concentrations of gas can be detected. 

 

                                                 Fig 4.4: Smoke Sensor 

 

 

 

 

 

 

Table 4.1 smoke sensor specifications 

MQ2 Gas sensor works on 5V DC and draws around 800mW. It can 

detect LPG, Smoke, Alcohol, Propane, Hydrogen, Methane and Carbon Monoxide concentrat

ions anywhere from 200 to 10000ppm. 

 

Operating voltage 5V 

Load resistance 20 KΩ 

Heater resistance 33Ω ± 5% 

Heating consumption <800mw 

Sensing Resistance 10 KΩ – 60 KΩ 

Concentration Scope 200 – 10000ppm 

Preheat Time Over 24 hours 
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4.4.1 Internal structure of MQ2 Gas Sensor 

The sensor is actually enclosed in two layers of fine stainless steel mesh called Anti-

explosion network. It ensures that heater element inside the sensor will not cause an 

explosion, as we are sensing flammable gases. 

 

Fig 4.4.1 Internal Structure Of Smoke Sensor 

It also provides protection for the sensor and filters out suspended particles so that only 

gaseous elements are able to pass inside the chamber. The mesh is bound to rest of the body 

via a copper plated clamping ring. 

 

This is how the sensor looks like when outer mesh is removed. The star-shaped structure is 

formed by the sensing element and six connecting legs that extend beyond the Bakelite base. 

Out of six, two leads (H) are responsible for heating the sensing element and are connected 

through Nickel-Chromium coil, well known conductive alloy. 

The remaining four leads (A & B) responsible for output signals are connected 

using Platinum Wires. These wires are connected to the body of the sensing element and 

convey small changes in the current that passes through the sensing element. 

 

The tubular sensing element is made up of Aluminum Oxide (AL2O3) based ceramic and has 

a coating of Tin Dioxide (SnO2). The Tin Dioxide is the most important material being 

sensitive towards combustible gases. However, the ceramic substrate merely increases 

heating efficiency and ensures the sensor area is heated to a working temperature constantly. 
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So, the Nickel-Chromium coil and Aluminum Oxide based ceramic forms a Heating System; 

while Platinum wires and coating of Tin Dioxide forms a Sensing System. 

4.4.2Working Of Smoke Sensor 

When tin dioxide (semiconductor particles) is heated in air at high temperature, oxygen is 

adsorbed on the surface. In clean air, donor electrons in tin dioxide are attracted toward 

oxygen which is adsorbed on the surface of the sensing material. This prevents electric 

current flow. 

In the presence of reducing gases, the surface density of adsorbed oxygen decreases as it 

reacts with the reducing gases. Electrons are then released into the tin dioxide, allowing 

current to flow freely through the sensor. 

Since MQ2 Gas Sensor is not breadboard compatible, we do recommend this handy little 

breakout board. It’s very easy to use and comes with two different outputs. It not only 

provides a binary indication of the presence of combustible gases but also an analog 

representation of their concentration in air. 

  

Fig 4.4.2: Working of Smoke Sensor 

The analog output voltage provided by the sensor changes in proportional to the 

concentration of smoke/gas. The greater the gas concentration, the higher is the output 

voltage; while lesser gas concentration results in low output voltage. The following animation 

illustrates the relationship between gas concentration and output voltage. 

 

The analog signal from MQ2 Gas sensor is further fed to LM393 High Precision Comparator 

(soldered on the bottom of the module), of course to digitize the signal. Along with the 
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comparator is a little potentiometer you can turn to adjust the sensitivity of the sensor. You 

can use it to adjust the concentration of gas at which the sensor detects it.   

Calibrate MQ2 Gas Sensor Module 

To calibrate the gas sensor you can hold the gas sensor near smoke/gas you want to detect 

and keep turning the potentiometer until the Red LED on the module starts glowing. Turn the 

screw clockwise to increase sensitivity or anticlockwise to decrease sensitivity. 

 

The comparator on the module continuously checks if the analog pin (A0) has hit the 

threshold value set by potentiometer. When it crosses the threshold, the digital pin (D0) will 

go HIGH and signal LED turns on. This setup is very useful when you need to trigger an 

action when certain threshold is reached. 

MQ2 Gas Sensor Module Pinout 

 

Fig 4.4.3:Pin Description Of Smoke Sensor 

VCC supplies power for the module. You can connect it to 5V output from your Arduino. 

GND is the Ground Pin and needs to be connected to GND pin on the Arduino. 

D0 provides a digital representation of the presence of combustible gases. 

A0 provides analog output voltage in proportional to the concentration of smoke/gas. 
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4.5. Flame Sensor 

A flame detector is a sensor designed to detect and respond to the presence of a flame or 

fire. Responses to a detected flame depend on the installation, but can include sounding an 

alarm, deactivating a fuel line (such as a propane or a natural gas line), and activating a fire 

suppression system. 

 

Fig 4.5 : Flame Sensor 

There are different types of flame detection methods. Some of them are: Ultraviolet detector, 

near IR array detector, infrared (IR) detector, Infrared thermal cameras, UV/IR detector etc. 

When fire burns it emits a small amount of Infra-red light, this light will be received by the 

Photodiode (IR receiver) on the sensor module. Then we use an Op-Amp to check for change 

in voltage across the IR Receiver, so that if a fire is detected the output pin (DO) will give 

0V(LOW) and if the is no fire the output pin will be 5V(HIGH). 

In this project we are using an IR based flame sensor. It is based on the YG1006 sensor 

which is a high speed and high sensitive NPN silicon phototransistor. It can detect infrared 

light with a wavelength ranging from 700nm to 1000nm and its detection angle is about 60°. 

 Flame sensor module consists of a photodiode (IR receiver), resistor, capacitor, 

potentiometer, and LM393 comparator in an integrated circuit. The sensitivity can be 

adjusted by varying the on board potentiometer. Working voltage is between 3.3v and 5v DC, 

with a digital output. Logic high on the output indicates presence of flame or fire. Logic low 

on output indicates absence of flame or fire. 

Pin Description 

Vcc 3.3 – 5V power supply 

GND Ground 
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Dout Digital output 

Table 4.5 Pin Description Of Flame Sensor 

Applications of flame sensors 

 Hydrogen stations 

 Combustion monitors for burners 

 Oil and gas pipelines 

 Automotive manufacturing facilities 

 Nuclear facilities 

 Aircraft hangars 

 Turbine enclosures 

 

 

 

4.6. GPS MODULE 

 

 

 

Fig 4.6: GPS Tracking 

Global Positioning System (GPS) is a satellite-based system that uses satellites and 

ground stations to measure and compute its position on Earth. 

GPS is also known as Navigation System with Time and Ranging (NAVSTAR) GPS. 
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GPS receiver needs to receive data from at least 4 satellites for accuracy purpose. GPS 

receiver does not transmit any information to the satellites. 

How GPS Works 

 

Fig 4.6.1: Satellite Connection with GPS 

GPS receiver uses a constellation of satellites and ground stations to calculate accurate 

location wherever it is located. 

These GPS satellites transmit information signal over radio frequency (1.1 to 1.5 GHz) to the 

receiver. With the help of this received information, a ground station or GPS module can 

compute its position and time. 

How GPS Receiver Calculates its Position and Time 

GPS receiver receives information signals from GPS satellites and calculates its distance 

from satellites. This is done by measuring the time required for the signal to travel from 

satellite to the receiver. 
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Fig 4.6.2: GPS Distance Calculation 

  

 

Where, 

Speed = Speed of Radio signal which is approximately equal to the speed of light i.e.  

Time = Time required for a signal to travel from the satellite to the receiver. 

By subtracting the sent time from the received time, we can determine the travel time. 

 

Fig 4.6.3: GPS Signal Time Difference 

To determine distance, both the satellite and GPS receiver generate the same pseudocode 

signal at the same time. 

The satellite transmits the pseudocode; which is received by the GPS receiver. 

These two signals are compared and the difference between the signals is the travel time. 
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Now, if the receiver knows the distance from 3 or more satellites and their location (which is 

sent by the satellites), then it can calculate its location by using Trilateration method. 

GPS Module 

 

Fig 4.6.4: GPS Module 

GPS receiver module gives output in standard (National Marine Electronics Association) 

NMEA string format. It provides output serially on Tx pin with default 9600 Baud rate. 

This NMEA string output from GPS receiver contains different parameters separated by 

commas like longitude, latitude, altitude, time etc. Each string starts with ‘$’ and ends with 

carriage return/line feed sequence. 

E.g. 

$GPGGA,184237.000,1829.9639,N,07347.6174,E,1,05,2.1,607.1,M,-64.7,M,,0000*7D 

$GPGSA,A,3,15,25,18,26,12,,,,,,,,5.3,2.1,4.8*36 

$GPGSV,3,1,11,15,47,133,46,25,44,226,45,18,37,238,45,26,34,087,40*72 

$GPGSV,3,2,11,12,27,184,45,24,02,164,26,29,58,349,,05,26,034,*7F 

$GPGSV,3,3,11,21,25,303,,02,11,071,,22,01,228,*40 

$GPRMC,184237.000,A,1829.9639,N,07347.6174,E,0.05,180.19,230514,,,A*64 

  

Pin Description 

VCC: Power Supply 3.3 – 6 V 

http://electronics.howstuffworks.com/gadgets/travel/gps1.htm
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GND: Ground 

TX: Transmit data serially which gives information about location, time etc. 

RX: Receive Data serially. It is required when we want to configure GPS module. 

 

4.7. NodeMCU  

Introduction 

Analog to Digital Converter (ADC) is used to convert analog signal into digital form. 

ESP8266 has inbuilt 10-bit ADC with only one ADC channel i.e. it has only one ADC input 

pin to read analog voltage from external device. 

 

Fig 4.7:NodeMCU ADC Pin 

The ADC channel on ESP8266 is multiplexed with the battery voltage. Hence, we can set it 

to measure either on board system voltage or external voltage. The input voltage range for 

ADC pin is 0–1.0V while reading external voltage. 

The setting for ADC mode i.e. whether system voltage or external voltage is being measured 

is available in 107th byte of “esp_init_data_default.bin” (0-127 byte) of firmware. 
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The 107th byte of esp_init_data_default.bin (0 - 127 byte) is “vdd33_const“. It must be set to 

0xFF i.e. 255 to read system voltage i.e. voltage on VDD pin of ESP8266. 

And to read external voltage on ADC pin it must be set to power supply voltage on VDD pin 

of ESP8266. The working power voltage range of ESP8266 is between 1.8V and 3.6V, and 

the unit of “vdd33_const“is 0.1V, therefore, the value range of “vdd33_const” is 18 to 36. 

NodeMCU has on board register divider network which provide 1.0V from 3.3V to the ADC 

pin of ESP8266. Hence, we can use 0–3.3V range for ADC input voltage for below 

NodeMCU Dev Kit. Since ADC is of 10-bit resolution, it will give 0-1023 value range for 

ADC input voltage 0-3.3V on Dev Kit 

 

  

4.8. VOLTAGE REGULATOR:   

         Regulator may use a simple feed-forward design or may include negative feedback. It 

may use an A voltage regulator is a system designed to automatically maintain a constant 

voltage level. A voltage electromechanical mechanism, or electronic components. Depending 

on the design, it may be used to regulate one or more AC or DC voltages. 

 

 

Fig 4.8: Voltage Regulator 

         A LM7805 Voltage Regulator is a voltage regulator that outputs +5 volts. and The 

LM7805, like most other regulators, is a three-pin IC. and Pin 1 (Input Pin): The Input pin is 

the pin that accepts the incoming DC voltage, which the voltage regulator will eventually 

regulate down to 5 volts. Pin 2 (Ground): Ground pin establishes the ground for the regulator. 

Pin 3 (Output Pin): The Output pin is the regulated 5 volts DC. 

7805 is a voltage regulator integrated circuit. It is a member of 78xx series of fixed linear 

voltage regulator ICs. The voltage source in a circuit may have fluctuations and would not 
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give the fixed voltage output. The voltage regulator IC maintains the output voltage at a 

constant value. The xx in 78xx indicates the fixed output voltage it is designed to provide. 

7805 provides +5V regulated power supply. Capacitors of suitable values can be connected at 

input and output pins depending upon the respective voltage levels.A LM7805 Voltage 

Regulator is a voltage regulator that outputs +5 volts. 

 

Fig 4.8.1 voltage regulator pin out 

Pin 1 (Input Pin): The Input pin is the pin that accepts the incoming DC voltage, which the 

voltage regulator will eventually regulate down to 5 volts. 

Pin 2 (Ground): Ground pin establishes the ground for the regulator. 

Pin 3 (Output Pin): The Output pin is the regulated 5 volts DC.  A simple voltage/current 

regulator can be made from a resistor in series with a diode . Due to the logarithmic shape of 

diode V-I curves, the voltage across the diode changes only slightly due to changes in current 

drawn or changes in the input. When precise voltage control and efficiency are not important, 

this design may be fine. Since the forward voltage of a diode is small, this kind of voltage 

regulator is only suitable for low voltage regulated output. When higher voltage output is 

needed, a Zener diode or series of Zener diodes may be employed. Zener diode regulators 

make use of the Zener diode's fixed reverse voltage, which can be quite large. 

         Feedback voltage regulators operate by comparing the actual output voltage to some 

fixed reference voltage. Any difference is amplified and used to control the regulation 

element in such a way as to reduce the voltage error. This forms a negative feedback control 

loop; increasing the open-loop gain tends to increase regulation accuracy but reduce stability.  

 

4.9. SPST SWITCH: 

The most familiar form of switch is a manually operated electromechanical device 

with one or more sets of electrical contacts, which are connected to external circuits. Each set 

of contacts can be in one of two states: either "closed" meaning the contacts are touching and 

electricity can flow between them, or "open", meaning the contacts are separated and the 

switch is nonconducting. The mechanism actuating the transition between these two states 

(open or closed) are usually (there are other types of actions) either an "alternate action" (flip 

the switch for continuous "on" or "off") or "momentary" (push for "on" and release for "off") 

type. 
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A switch may be directly manipulated by a human as a control signal to a system, 

such as a computer keyboard button, or to control power flow in a circuit, such as a light 

switch. Automatically operated switches can be used to control the motions of machines, for 

example, to indicate that a garage door has reached its full open position or that a machine 

tool is in a position to accept another workpiece. Switches may be operated by process 

variables such as pressure, temperature, flow, current, voltage, and force, acting as sensors in 

a process and used to automatically control a system. For example, a thermostat is a 

temperature-operated switch used to control a heating process. A switch that is operated by 

another electrical circuit is called a relay. Large switches may be remotely operated by a 

motor drive mechanism. Some switches are used to isolate electric power from a system, 

providing a visible point of isolation that can be padlocked if necessary to prevent accidental 

operation of a machine during maintenance, or to prevent electric shock. 

 

 

Fig 4.9: SPST Switch 

 

            An ideal switch would have no voltage drop when closed, and would have no limits 

on voltage or current rating. It would have zero rise time and fall time during state changes, 

and would change state without "bouncing" between on and off positions. 

Practical switches fall short of this ideal; they have resistance, limits on the current 

and voltage they can handle, finite switching time, etc. 

  

4.10. RESISTOR: 

       A resistor is a passive two-terminal electrical component that implements 

electrical resistance as a circuit element. In electronic circuits, resistors are used to 

reduce current flow, adjust signal levels, to divide voltages, bias active elements, and 

terminate transmission lines, among other uses. High-power resistors that can 

dissipate many watts of electrical power as heat, may be used as part of motor 

controls, in power distribution systems, or as test loads for generators. Fixed resistors 

have resistances that only change slightly with temperature, time or operating voltage. 

Variable resistors can be used to adjust circuit elements (such as a volume control or a lamp 

dimmer), or as sensing devices for heat, light, humidity, force, or chemical activity. 
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Resistors are common elements of electrical networks and electronic circuits and are 

ubiquitous in electronic equipment. Practical resistors as discrete components can be 

composed of various compounds and forms. Resistors are also implemented within integrated 

circuits . 

 

 

Fig 4.10:Resistor 

 

Table-1:Colour Coding 

4.10.1 .1k VARIABLE RESISTOR: 

A potentiometer is a three-terminal resistor with a sliding or rotating contact that forms an 

adjustable voltage divider. If only two terminals are used, one end and the wiper, it acts as 

a variable resistor or rheostat.  

The measuring instrument called a potentiometer is essentially a voltage divider used for 

measuring electric potential (voltage); the component is an implementation of the same 

principle, hence its name. 

https://en.wikipedia.org/wiki/Electrical_network
https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Integrated_circuits
https://en.wikipedia.org/wiki/Integrated_circuits
https://en.wikipedia.org/wiki/Terminal_(electronics)
https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Potentiometer#Rheostat
https://en.wikipedia.org/wiki/Potentiometer_(measuring_instrument)
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Electric_potential
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Fig 4.10.1:1K varable Resistor 

 

              Potentiometers are commonly used to control electrical devices such as volume 

controls on audio equipment. Potentiometers operated by a mechanism can be used as 

position transducers, for example, in a joystick. Potentiometers are rarely used to directly 

control significant power, since the power dissipated in the potentiometer would be 

comparable to the power in the controlled load. 

 

 

4.11. LCD DISPLAY:  

A liquid-crystal display (LCD) is a flat-panel display or other electronically 

modulated optical device that uses the light-modulating properties of liquid crystals. Liquid 

crystals do not emit light directly, instead using a backlight or reflector to produce images in 

colour or monochrome. LCDs are available to display arbitrary image or fixed images with 

low information content, which can be displayed or hidden, such as preset words, digits, 

and seven-segment displays, as in a digital clock. They use the same basic technology, except 

that arbitrary images are made up of a large number of small pixels, while other displays have 

larger elements. 

 

           

Fig 4.11:LCD Display 

            

          LCDs are used in a wide range of applications including LCD televisions, computer 

monitors, instrument panels, aircraft cockpit displays, and indoor and outdoor signage. Small 

https://en.wikipedia.org/wiki/Transducer
https://en.wikipedia.org/wiki/Joystick
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LCD screens are common in portable consumer devices such as digital 

cameras, watches, calculators, and mobile telephones, including smartphones. LCD screens 

are also used on consumer electronics products such as DVD players, video game devices 

and clocks. LCD screens have replaced heavy, bulky cathode ray tube (CRT) displays in 

nearly all applications. LCD screens are available in a wider range of screen sizes than CRT 

and plasma displays, with LCD screens available in sizes ranging from tiny digital watches to 

very large television receivers. 

 

 

 

Fig 4.11.1:LCD Display Pin Description 

 

             Since LCD screens do not use phosphors, rarely suffer image burn-in when a static 

image is displayed on a screen for a long time, e.g., the table frame for an airline flight 

schedule on an indoor sign. LCDs are, however, susceptible to image persistence.[2] The LCD 

screen is more energy-efficient and can be disposed of more safely than a CRT can. Its low 

electrical power consumption enables it to be used in battery-powered electronic equipment 

more efficiently than CRTs can be. By 2008, annual sales of televisions with LCD screens 

exceeded sales of CRT units worldwide, and the CRT became obsolete for most purposes. 

 

 

4.12. BUZZER 

This piezo buzzer is 23mm in diameter and has 30mm spaced mount holes. Supplied with a 

100mm lead it is designed for 3 - 20V,it produces a 3kHz tone at an 85dB level at 30cm. 
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Fig.no:4.12.Buzzer 

Speciffications 

Operation Voltage: 3-24V DC 

Current: <15mA 

SPL: 85dBA/10cm 

Frequency: 3,300Hz 

Color: Black 

Operating Temperature: - 20° to +60° 
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CHAPTER -5 

WORKING 

 

 All the connections are given properly. After checking the connections program is 

dumped in Arduino MEGA. When the supply is given to the circuit it will shows the status of 

Temperatures of all the T1, T2, T3, T4 sensors on the LCD Display. 

During Normal Conditions a particular time interval if the temperature ‘T’ which is output of 

temperature sensor is below the threshold value will indicate that   there is no forest fire. 

These temperature values along with the value of Flame and Smoke will be transmitted in 

real time to base station so as monitor the forest environment condition continuously. Any 

increase in the temperature than normal threshold value will give us indication of chances of 

fire. During Forest Fire if the temperature becomes greater than the normal or threshold 

temperature at the particular time an alert is send to base station through SMS. Also, the 

sensor values are sent continuously to the base station. The SMS includes the real time values 

of sensor data and the direction of fire detected and GPS coordinates of fire location.  

            The LCD display will show the temperatures of each sensor. If any change occurs in 

any sensor then Arduino automatically compare the value with threshold values. If the value 

is greater than the threshold value the Arduino will send signal to GSM module to send the 

SMS alert to the respective Forest Department which consists of the direction of fire and 

location coordinates. A Buzzer is used in the Base Station to alert the staff if Forest Fire is 

occurred. 
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                                           CHAPTER – 6  

ADVANTAGES 

 

 To detect the exact direction of fire source before it become danger 

 To save property and life of wild animals. 

 Reliable and economical 

 Not sensitive to weather condition 

 To save the Environment from pollution 
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CHAPTER - 7 

Result  

After designing the prototype for forest fire detection, the data acquired from the sensors are 

transmitted wirelessly to base station where we can monitor it continuously. To detect the fire 

in the forest fire threshold value of temperature is taken as 35°C. When temperature exceeds 

this threshold value in addition to transmitting sensor values continuously to base station PC 

it will send an SMS and makes a call as an alert for forest fire. Figure 4 shows the snapshot of 

data values obtained whereas Figure 5 and Figure 6 shows the SMS and call obtained when 

temperature exceeds threshold value.  

 

FOREST FIRE DATA by NODE MCU: 

 
Fig.no:7.1. Initialization NODEMCU 

 

Fig.no:7.2. Sensor Data Sent by NODEMCU 
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FOREST FIRE ALERT by SMS: 

                                               
Fig.no:7.3.Forest Fire Detection Alert By Gsm Module 
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Forest Fire Detection by LCD Display 

 

Fig.no:7.4.LCD DISPLAY 16*2 

 

 

 

Fig.no:7.5.Temperature Readings By LCD Display 

 

 

Fig.no:7.6. Forest Fire Detection Alert By Lcd Display 
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                                         CHAPTER-8 

Conclusion and Future Work 
 As this prototype presented makes use single sensor node. In future we can use 

multiple sensor nodes which can be used to transmit data.  

 The GPS system can be used to obtain location where forest fire occurred. It will 

indicate the longitude and latitude values where forest fire takes place.  

 Also, we can replace the BT-Bee module by Zig-Bee module in order to increase the 

transmission range. There are three WSNs topological structures supported by              

Zig-Bee   star shaped, cluster type and mesh type. There can be a number of links for 

network structure from the source node to the destination node, and the establishment 

of these links is dynamic and dynamic maintenance.  

 In the mesh structure with multi-hop, the communications power consumption of each 

node can be greatly reduced, which no doubt has great appeal for wireless sensor 

networks with the special requirements of power saving.  

 In addition, the mesh structure of the network can also make up more complex 

network, with greater routing depth and network node size.  

 The distance between each network node can be extended to several hundred meters, 

even a few kilometres from the standard 75 meters. Thus, the wireless sensor 

networks with mesh structure are appropriate in a wide range of environmental 

monitoring.  
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                                APPENDIX 
 

    #include <LiquidCrystal.h> 

int f1=22,f2=26,f3=30,f4=34,s1=24,s2=28,s3=32,s4=36,buz=13; 

int t1,t2,t3,t4; 

#include <SoftwareSerial.h> 

int la,lo,latt,lonn, gps_chk='0',hbt; 

float lath,latl,lonh,lonl,lat,lon; 

unsigned char sdata=0,rx[50],r; 

SoftwareSerial mySerial(2, 3); // RX, TX 

LiquidCrystal lcd(A8, A9, A10, A11, );  

void setup() 

{ 

  Serial.begin(9600); 

  Serial1.begin(9600); 

  mySerial.begin(9600); 

  pinMode(f1,INPUT);pinMode(f2,INPUT);pinMode(f3,INPUT);pinMode(f4,INPUT); 

  pinMode(s1,INPUT);pinMode(s2,INPUT);pinMode(s3,INPUT);pinMode(s4,INPUT); 

  pinMode(buz,OUTPUT); 

  lcd.begin(16,2); 

 lcd.setCursor(0,0); 

 lcd.print("IOT BASED FOREST"); 

 lcd.setCursor(0,1); 

 lcd.print(" FIRE ALERTING  "); 

 delay(2000); 

 lcd.setCursor(0,0); 

 lcd.print("T1:      T2:    "); 
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 lcd.setCursor(0,1); 

 lcd.print("T3:      T4:    "); 

 Serial2.println("hai");  

 //Serial1.println("hai");  

 Serial.println("hai");  

 Serial1.println("hai");  

} 

 

void loop()  

{ 

  delay(200); 

  t1=analogRead(A0); t1=t1*0.4833; 

  t2=analogRead(A1); t2=t2*0.4833; 

  t3=analogRead(A2); t3=t3*0.4833; 

  t4=analogRead(A3); t4=t4*0.4833; 

  Serial1.print("A");Serial1.print(t1);Serial1.print("*"); delay(50); 

  Serial1.print("B");Serial1.print(t2);Serial1.print("*"); delay(50); 

  Serial1.print("C");Serial1.print(t3);Serial1.print("*"); delay(50); 

  Serial1.print("D");Serial1.print(t4);Serial1.print("*"); delay(50); 

  lcd.setCursor(3,0);lcd.print(t1);lcd.print("  "); 

  lcd.setCursor(12,0);lcd.print(t2);lcd.print("  "); 

  lcd.setCursor(3,1);lcd.print(t3);lcd.print("  "); 

  lcd.setCursor(12,1);lcd.print(t4);lcd.print("  "); 

  if(t1>60 || digitalRead(s1)==0 && digitalRead(f1)==0) 

  { 

    digitalWrite(buz,HIGH); 

     digitalWrite(buz,LOW); 
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     digitalWrite(buz,HIGH); 

    Serial.println("fire detected1....");gps_sms(1); 

  } 

  if(t2>60 || digitalRead(s2)==0 && digitalRead(f2)==0) 

  { 

    digitalWrite(buz,HIGH); 

    Serial.println("fire detected2....");gps_sms(2); 

  } 

   if(t3>60 || digitalRead(s3)==0 && digitalRead(f3)==0) 

  { 

    digitalWrite(buz,HIGH); 

    Serial.println("fire detected3....");gps_sms(3); 

  } 

   if(t4>60 || digitalRead(s4)==0 && digitalRead(f4)==0) 

  { 

    digitalWrite(buz,HIGH); 

    Serial.println("fire detected4....");gps_sms(4); 

  }   

} 

unsigned char rxd (void) 

{                     

  while (Serial.available()==0); 

  return(Serial.read()); 

  //return (sdata); 

} 
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void gps_sms(int kl) 

{ 

    gps_chk='0'; 

    while(gps_chk=='0') 

    { 

    if(rxd()=='$') 

    { 

       

          if(rxd()=='G') 

          { 

            if(rxd()=='G') 

            { 

              if(rxd()=='A') 

              { 

                gps_chk='1'; 

                for(r=0;r<36;r++) 

                { 

                

                 

                for(r=11;r<36;r++) 

                { 

                  Serial.write(rx[r]);//rx[r] = rxd(); 

                } 

                Serial.println(); 

                la=(rx[11]&0x0f)*10+(rx[12]&0x0f); 

                lath=(rx[13]&0x0f)*10+(rx[14]&0x0f); 

                latl=(rx[16]&0x0f)*1000+(rx[17]&0x0f)*100+(rx[19]&0x0f)*10+(rx[20]&0x0f); 
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                lo=(rx[25]&0x0f)*10+(rx[26]&0x0f); 

                lonh=(rx[27]&0x0f)*10+(rx[28]&0x0f); 

                lonl=(rx[30]&0x0f)*1000+(rx[31]&0x0f)*100+(rx[32]&0x0f)*10+(rx[33]&0x0f); 

                 

                lath=lath/60; 

                latl=(latl/60)/10000; 

                lat=lath+latl; 

                latt=lat*10000; 

                 

                lonh=lonh/60; 

                lonl=(lonl/60)/10000; 

                lon=lonh+lonl; 

                lonn=lon*10000; 

                if(kl==1) 

                { 

                  lcd.setCursor(0,0); 

                  lcd.print("  FOREST FIRE   "); 

                  lcd.setCursor(0,1); 

                  lcd.print("  AT EAST SIDE  "); 

                   

                  mySerial.println("AT+CMGF=1");     

                  delay(2000);   

                  mySerial.print("AT+CMGS=\"r\n"); 

                  delay(2000); 

                  mySerial.print("FIRE DETECTED AT EAST SIDE  

Temp:");Serial.print(t1);Serial.println(" AT:"); 

                  mySerial.print("http://maps.google.com/maps?q="); 
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MySerial.print(la);mySerial.print('.');mySerial.print(latt);mySerial.print(",");//Serial.println(la

tl); 

                  mySerial.print(lo);mySerial.print('.');mySerial.println(lonn);//16.454596390, 

80.654752 

                  Serial.print("http://maps.google.com/maps?q="); 

                  

Serial.print(la);Serial.print('.');Serial.print(latt);Serial.print(",");//Serial.println(latl); 

                  Serial.print(lo);Serial.print('.');Serial.println(lonn);//16.49635690, 80.4654752 

                  delay(2000); 

                  mySerial.println((char)26);// ASCII code of CTRL+Z 

                  delay(2000);digitalWrite(13,LOW); 

                  lcd.setCursor(0,0); 

                  lcd.print("T1:      T2:    "); 

                  lcd.setCursor(0,1); 

                  lcd.print("T3:      T4:    "); 

                   

                } 

                else if(kl==2) 

                { 

                  lcd.setCursor(0,0); 

                  lcd.print("  FOREST FIRE   "); 

                  lcd.setCursor(0,1); 

                  lcd.print("  AT EAST SIDE  "); 

                   

                mySerial.println("AT+CMGF=1");     

                delay(2000);  //  

                //Serial.print("AT+CMGS=\" 
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                mySerial.print("AT+CMGS=\" 

                 

                mySerl.println("FIRE DETECTED AT WEST SIDE 

Temp:");Serial.print(t2);Serial.println(" AT:"); 

                mySerial.print("http://maps.google.com/maps?q="); 

                

mySerial.print(la);mySerial.print('.');mySerial.print(latt);mySerial.print(",");//Serial.println(lat

l); 

                mySerial.print(lo);mySerial.print('.');mySerial.println(lonn);//16.496390, 80.654752 

                Serial.print("http://maps.google.com/maps?q="); 

                Serial.print(la);Serial.print('.');Serial.print(latt);Serial.print(",");//Serial.println(latl); 

                Serial.print(lo);Serial.print('.');Serial.println(lonn);//16.496390, 80.654752 

                delay(2000); 

                mySerial.println((char)26);// ASCII code of CTRL+Z 

                delay(1000); 

                digitalWrite(13,LOW); 

                  lcd.setCursor(0,0); 

                  lcd.print("T1:      T2:    "); 

                  lcd.setCursor(0,1); 

                  lcd.print("T3:      T4:    "); 

                 

                } 

                else if(kl==3) 

                { 

                  lcd.setCursor(0,0); 

                  lcd.print("  FOREST FIRE   "); 

                  lcd.setCursor(0,1); 

                  lcd.print("  AT NORTH SIDE "); 
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                mySerial.println("AT+CMGF=1");     

                delay(2000);  //  

                //Serial.print("AT+CMGS=\\"\r\n");//  

                mySerial.print("AT+CMGS=\"\"\r\n");//  

                delay(2000); 

                mySerial.println("FIRE DETECTED AT NORTH SIDE 

Temp:");Serial.print(t3);Serial.println(" AT:"); 

                mySerial.print("http://maps.google.com/maps?q="); 

                

mySerial.print(la);mySerial.print('.');mySerial.print(latt);mySerial.print(",");//Serial.println(lat

l); 

                mySerial.print(lo);mySerial.print('.');mySerial.println(lonn);//16.496390, 80.654752 

                Serial.print("http://maps.google.com/maps?q="); 

                Serial.print(la);Serial.print('.');Serial.print(latt);Serial.print(",");//Serial.println(latl); 

                  Serial.print(lo);Serial.print('.');Serial.println(lonn);//16.496390, 80.65 

                { 

                   

                                                                            } 

                                                             } 

                                          } 

                             } 

                   } 

       } 
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GUDLAVALLERU ENGINEERING COLLEGE 

Seshadri Rao Knowledge Village, Gudlavalleru – 521356. 

Department of Electrical and Electronics Engineering 

 

Programme Educational Objectives  

 

1.  Graduates will have technical knowledge, skills and competence to identify, 

comprehend and solve problems of industry and society.  

2.  Graduates learn and adapt themselves to the constantly evolving technology to pursue 

higher studies and undertake research. 

3.  Graduates will engage in lifelong learning and work successfully in teams with 

professional, ethical and administrative acumen to handle critical situations.  

 

 

 

Programme Specific Outcomes (PSO) 

 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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Programme Outcomes:  
 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of  the information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  
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    solutions in societal and environmental contexts, and demonstrate the knowledge of,  

    and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

    norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 

 

 

 

 

 



FOREST FIRE DETECTION AND CONTROL USING NODEMCU 

 

48 

 

Project outcomes mapped with Program Outcomes: 

 

Roll No. 
Name of the 

Student 
Project Title Project Outcome 

POs 

Mapping 

16481A02C1 
V.KRISHNA 

BALAJI 
FOREST FIRE 

DETECTION 

AND 

CONTROLLING 

Design of Forest 

fire detection 

system to monitor 

the change of heat, 

smoke, flames. If 

identified, it sends 

the alert to forest 

department  

a, b, c, e, f, g 
16481A02C6 

Y.SAI 

RAMYA SRI 

15481A02B5 P. RAVITEJA 

 

Program Outcomes (POs): 

 

S.No. Programme Outcomes 

a 
Apply knowledge of mathematics, science and engineering to formulate and solve 

complex electrical & electronics engineering problems 

 

b 
Ability to design and develop hardware and /or software system, a component thereof, 

and process in electrical and electronics engineering to meet desired performance needs, 

within realistic constraints 

c 
Use various techniques and modern tools for modelling and simulation of various 

components, conduct experiments to analyze and provide valid conclusions on the 

performance of various components in electrical and electronics engineering 

d 
Apply reasoning and contextual knowledge to solve various engineering, industry and 

societal problems 

 

e 
Understand the role of electrical and electronics engineering for sustainable  

development in a global, economic, environmental and societal context 

 

f 
An ability to apply professional ethics, responsibilities and commitment to function 

effectively as an individual or as a member of a team to find successful design solutions 

to the problems related to electrical and electronics engineering 

g An ability to communicate effectively on complex engineering activities 

 

h 
Apply principles of management and business practices to become good entrepreneur as 

well as in the industry 

 

i Engage in independent and lifelong learning and to have knowledge of contemporary  

 Technologies 
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                                       ABSTRACT 

                   Forest fire is getting worse for all these days. It has been found in a survey 

that 80% losses caused due to fire would have been kept away from the fire and identified 

promptly which can be detected and predicted using. NodeMCU based IoT empowered fire 

indicator and observing framework is the answer for this issue.  

In this project, a temperature sensor, flame sensor and smoke sensor is interfaced to 

NodeMCU detects the temperature and humidity produced from the fire. The values are 

taken from the Sensor and is uploaded to the cloud i.e. in NodeMCU. In this task, we 

have assembled fire finder utilizing Node MCU which is interfaced with a temperature 

sensor, a smoke sensor. The temperature sensor detects the warmth and smoke sensor 

detects any smoke produced because of consuming or fire and a buzzer associated with 

Arduino gives us an alert sign.  

Using threshold value, the temperature and smoke value is taken into consideration and an 

analysis is made to detect fire. When it is detected an email triggered with an alert 

message with the sensor values. The sensors high performance makes the readings 

accurate and data transmission is highly reliable. The final results show that the proposed 

method achieves up to 96.63% of true detection rates. These results indicate that the 

proposed method is accurate and can be used in automatic forest fire-alarm systems. 
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                                        CHAPTER-1 

                                           INTRODUCTION 

         

Forest fire also known as bush fire or hill fire is an uncontrolled fire occurring wild or forest 

This is because soil becomes water repellent and accepts no more water, leading to reduction 

areas. It is very important to detect these kinds of fires as early as possible so as to prevent 

the damage from it to ecological system. Every year millions of acres of forest are burnt 

down. The land with forest is burnt and it becomes impossible to grow vegetation over there. 

Once in place the sensors effectively detect and transmit the information needed to monitor 

air pollution, fire hazards that the local resilience managers can read in real time. The sensors 

high performance makes the readings accurate and data transmission is highly reliable.  

                                    During Normal Conditions a particular time interval if the temperature 

‘T’ which is output of temperature sensor is below the threshold value will indicate that   

there is no forest fire. These temperature values along with the value of humidity and smoke 

will be transmitted in real time to base station so as monitor the forest environment condition 

continuously. Any increase in the temperature than normal threshold value will give us 

indication of chances of fire. During Forest Fire Now if the temperature becomes greater than 

the normal or threshold temperature at the particular time an alert is send to base station 

through SMS. Also, the sensor values are sent continuously to the base station. The SMS will 

indicate the real time values of sensor data.  

 

 

 OBJECTIVES OF THE PROJECT: 

 Detect temperature rise using LM 35 Sensor 

 Detection of smoke which is caused due to fire using MQ2 smoke sensor. 

 Detection of flames is observed using Flame sensor(IR sensor) 

 Setup an SMS based Alert about the fire detection range specified mobile number 

(input inside the Arduino program). 

 Setup an SMS based alert to specified mobile number having the fire detected 

coordinates (GPS location)  

 Display status of Temperature in an LCD using a 16×2 LCD module. 

 A Buzzer is used to alert the Base station if Forest Fire is detected 

 To tracker the locate of fire detected zone using GPS sensor 

  To monitor the temperature and smoke values with wireless communication using                  

NodeMCU Wi-Fi module. 
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1.1 LITERATURE SURVEY 

Many solutions for detection of forest fire are presented and implemented in past 

few years. Video Surveillance System is most widely used for detection of forest 

fire. It is divided into four categories : Video Cameras sensitive in visible 

spectrum based on recognition of smoke during day light and fire flames at night, 

Infrared(IR)  Thermal Imaging cameras based on detection of heat flux from the 

fire, IR Spectrometer which identify spectral characteristics of smoke gases and 

Light Detection and Ranging (LIDAR) system which measures the laser light 

backscattered by smoke particles. The limitation of these systems was high false 

alarm rate due to atmospheric conditions such as presence of fog, shadows, dust 

particles etc.  

Another method is the use of Visual Cameras that take snapshots of the forest to 

detect the fire. These cameras were mounted on the top of communication towers. A 

rotating motor is installed to provide a full round view of the forest. The images 

obtained from the camera are processed using program or MATLAB code and are 

compared with the reference images taken at initial stage. This system also had 

limitation of high false alarm rate. Also, the cost of installation of visual cameras on 

communication towers was very high.  

Another method is the use of satellite system to detect the forest fire. The main 

components of the system are satellite(s) and the base station that collects the data 

send by the satellite(s) and runs the analysing algorithm. The raw data from the 

satellite(s) is processed and then Advanced Very High-Resolution Radiometer 

(AVHRR) instrument is used to detect presence of Hot Spots. However, the clouds 

greatly affect the system.  

Forest Fire Surveillance System which consists of WSN was also proposed for 

detection of forest fires in South Korea. The WSN determines the temperature and 

humidity after which middleware program and web application analyzes the collected 

data. However, in this approach of detection of forest fire there was some loss of data 

during communication.  

WSN consisting three different kinds of sensors which can detect temperature, flame 

and smoke levels of methane, carbon monoxide and carbon dioxide was also proposed 

for forest fire detection. The data acquired by sensors is transmitted using radio 

frequency module. The detection of forest fire. In this temperature data was 

transmitted to base station via primary radio frequency module used has limited 

bandwidth and also picks up noise easily.    

WSN consisting of temperature sensor setup and GPS module was also proposed for  

and main antenna using satellite. Some of the limitation of system was installation of 

too many antennas; continuous power was required to both temperature sensor setup 

and antennas.  
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                                  CHAPTER 2 

                             BLOCK DIAGRAM & DESCRIPTION   

2.1 BLOCK DIAGRAM: 

        

Fig 2.1 : Block Diagram 
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2.2   DESCRIPTION:     

           Arduino based forest fire detector with SMS indication using GSM modem and 

Nodemcu project detects the Fire in Forest. If any fire occurs then it sends SMS to the forest 

department using the GSM modem which consists of direction of occurrence of fire and GPS 

location. Arduino has inbuilt Analog to Digital converter so we need not to connect any 

external ADC IC. We have connected temperature sensor directly to the analog input pins of 

the Arduino Mega board. 

             During Normal Conditions at a particular time interval if the temperature ‘T’ which is 

output of temperature sensor is below the threshold value will indicate that   there is no forest 

fire. These temperature values along with the value of humidity and smoke will be 

transmitted in real time to base station so as monitor the forest environment condition 

continuously. Any increase in the temperature than normal threshold value will give us 

indication of chances of fire.  

During Forest Fire if the temperature becomes greater than the normal or threshold 

temperature at the particular time an alert is send to base station through SMS. Also, the 

sensor values are sent continuously to the base station. The SMS will indicate the real time 

values of sensor data  

            The LCD display will show the temperatures of each sensor. If any change occurs in 

any sensor then Arduino automatically compare the value with specified values. If the value 

is greater than the threshold value the Arduino will send signal to GSM to send the SMS alert 

to the respective Forest Department which consists of the direction of fire and location 

coordinates. A Buzzer is placed in the Base Station to alert the staff about the fire. 
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                                    CHAPTER – 3                           

     CIRCUIT DIAGRAM 

  CIRCUIT DIAGRAM: 

 

Fig 3.1 : Circuit Diagram 
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CHAPTER – 4 

   COMPONENTS & ITS DESCRIPTION                                                                                                                           

4.1. Arduino Mega 2560 

      

                               Fig.no:4.1  Arduino Mega 2560   

            

   The Arduino Mega 2560 is a microcontroller board based on 

the ATmega2560. It has 54 digital input/output pins (of which 15 can be used as PWM 

outputs), 16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a 

USB connection, a power jack, an ICSP header, and a reset button. It contains everything 

needed to support the microcontroller; simply connect it to a computer with a USB cable or 

power it with an AC-to-DC adapter or battery to get started. The Mega 2560 board is 

compatible with most shields designed for the Uno and the former boards Duemilanove or 

Diecimila. 

Arduino Mega 2560 Specification  

• Microcontroller: ATmega2560 

• Operating Voltage: 5V 

• Input Voltage (recommended):  7-12V 

• Input Voltage (limit): 6-20V 
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• Digital I/O Pins: 54 (of which 15 provide PWM output) 

• Analog Input Pins: 16 

• DC Current per I/O Pin: 20 mA 

• DC Current for 3.3V Pin: 50 mA+ 

• Flash Memory: 256 KB of which 8 KB used by bootloader 

• SRAM: 8 KB 

• EEPROM: 4 KB 

• Clock Speed: 16 MHz 

• LED_BUILTIN: 13 

• Length: 101.52 mm 

• Width: 53.3 mm 

• Weight: 37 g 

Arduino Mega 2560 Memory  

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for 

the bootloader), 8 KB of SRAM and 4 KB if EEPROM 

• Arduino Mega 2560 is a Microcontroller board based on Atmega2560. It comes with 

more memory space and I/O pins as compared to other boards available in the market. 

• There are 54 digital I/O pins and 16 analog pins incorporated on the board that make this 

device unique and stand out from others. 

• Out of 54 digital I/O, 15 are used for PWM (pulse width modulation). 

• A crystal oscillator of 16MHz frequency is added on the board. 

• This board comes with USB cable port that is used to connect and transfer code from 

computer to the board. 

• DC power jack is coupled with the board that is used to power the board. Some version of 

Arduino board lacks this feature like Arduino Pro Mini doesn’t come with DC power jack. 

• ICSP header is a remarkable addition to Arduino Mega which is used for programming the 

Arduino and uploading the code from the computer. 

 

https://www.theengineeringprojects.com/2018/03/introduction-to-microcontrollers.html
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• This board comes with two voltage regulators i.e. 5V and 3.3V which provides the 

flexibility to regulate the voltage as per requirements as compared to Arduino Pro Mini 

which comes with only one voltage regulator. 

• There is no much difference between Arduino Uno and Arduino Mega except later comes 

with more memory space, bigger size and more I/O pins. 

• Arduino software called Arduino IDE is used to program the board which is a common 

software used for all boards belonged to Arduino family. 

• Availability of Atmega16 on the board makes it different than Arduino Pro Mini which 

uses USB to serial converter to program the board. 

• There is a reset button and 4 hardware serial port called USART which produces a 

maximum speed for setting up communication. 

• Following figure shows the specifications of Arduino mega 2560. 

 

• Arduino Mega is specially designed for the projects requiring complex circuitry and more 

memory space. Most of the electronic projects can be done pretty well by other boards 

available in the market which make Arduino Mega uncommon for regular projects. 

However, there are some projects that are solely done by Arduino Mega like making of 

3D printers or controlling more than one motors, because of its ability to store more 

instructions in the code memory and a number of I/O digital and analog pins. 

• There are three ways to power the board. You can either use a USB cable to power the 

board and transfer code to the board or you can power it up using Vin of the board or 

through Power jack or batter. 

• Last two sources to power the board are required once you already built and compile code 

into the board through USB cable. 

• This board comes with resettable polyfused that prevents the USB port of your computer 

from overheating in the presence of high current flowing through the board. Most of the 

computers come with an ability to protect themselves from such devices, however, the 

addition of fuse provides an extra layer of protection. 

• It can be used either way i.e. for creating stand-alone projects or in combination with other 

Arduino boards. Most complex projects can be created using this board. 

Following figure shows the pinout of Arduino Mega 2560. 
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Fig.no:4.1.2 Arduino Mega Pinout  

 
 

• Each pin comes with a specific function associated with it. All analog pins can be 

used as digital I/O pins. 

• Designing of a project using Arduino Mega gives you the flexibility of working with 

more memory space and processing power that allows you to work with a number 

of sensors at once. This board is physically larger than other Arduino boards. 

APPLICATIONS: 

• Developing 3D printer 

• Controlling and handling more than one motors 

• Interfacing of number of sensors 

• Sensing and detecting temperature 

• Water level detection projects 

• Home automation and security systems 

• IoT applications 

• Parallel programming and Multitasking 
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4.2.  GSM MODULE: 

 
         A GSM modem duly interfaced to the MC through the level shifter IC Max232. The 

SIM card mounted GSM modem upon receiving digit command by SMS from any cell phone 

send that data to the MC through serial communication. While the program is executed, the 

GSM modem receives command ‘STOP’ to develop an output at the MC, the contact point of 

which are used to disable the ignition switch. The command so sent by the user is based on an 

intimation received by him through the GSM modem ‘ALERT’ a programmed message only 

if the input is driven low. The complete operation is displayed over 16×2 LCD display.   

GSM will allow communication anywhere, anytime, and with anyone. The functional 

architecture of GSM employing intelligent networking principles, and its ideology, which 

provides the development of GSM is the first step towards a true personal communication. 

 Once the header file is included, you can use simple commands in the program to tell the 

controller to send or receive data. The controller sends the data to the module through UART 

Interface based on protocol setup in libraries. The module sends this data to another GSM 

user using cellular network. If the module receives any data from the cellular network. 

 

 

 

 

Fig 4.2:GSM Module 

 

SIM900A GSM MODULE Features 

• Single supply voltage: 3.4V – 4.5V 

• Power saving mode: Typical power consumption in SLEEP mode is 1.5mA 
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• Frequency bands: SIM900A Dual-band: EGSM900, DCS1800. The SIM900A can search 

the two frequency bands automatically. The frequency bands also can be set by AT 

command. 

• GSM class: Small MS 

• GPRS connectivity: GPRS multi-slot class 10 (default) , GPRS multi-slot class 8 (option) 

• Transmitting power: Class 4 (2W) at EGSM 900, Class 1 (1W) at DCS 1800 

• Operating Temperature: -30ºC to +80ºC 

• Storage Temperature: -5ºC to +90ºC 

• DATA GPRS: download transfer max is 85.6KBps, Upload transfer max 42.8KBps 

• Supports CSD, USSD, SMS, FAX 

• Supports MIC and Audio Input 

• Speaker Input 

• Features keypad interface 

• Features display interface 

• Features Real Time Clock 

• Supports UART interface 

• Supports single SIM card           

• Firmware upgrade by debug port 

• Communication by using AT commands. 

 

 

 4.3.  TEMPERATURE SENSOR: 

             The LM35 is an integrated circuit sensor that can be used to measure temperature 

with an electrical output proportional to the temperature (in °C). It can measure temperature 

more accurately than a using a thermistor. The sensor circuitry is sealed and not subject to 

oxidation. The LM35 generates a higher output voltage than thermocouples and may not 

require that the output voltage be amplified. The LM35 has an output voltage that is 

proportional to the Celsius temperature. The scale factor is .01V/°C. 

 

Fig 4.3: Temperature Sensor LM35 

 

            There are two transistors in the centre of the drawing. One has ten times the emitter 

area of the other. This means it has one tenth of the current density, since the same current is 

going through both transistors. This causes a voltage across the resistor R1 that is 

proportional to the absolute temperature, and is almost linear across the range. The "almost" 
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part is taken care of by a special circuit that straightens out the slightly curved graph of 

voltage versus temperature. 

           The amplifier at the top ensures that the voltage at the base of the left transistor (Q1) is 

proportional to absolute temperature (PTAT) by comparing the output of the two transistors. 

The amplifier at the right converts absolute temperature (measured in Kelvin) into either 

Fahrenheit or Celsius, depending on the part (LM34 or LM35). The little circle with the "i" in 

it is a constant current source circuit. 

           The two resistors are calibrated in the factory to produce a highly accurate temperature 

sensor. The integrated circuit has many transistors in it -- two in the middle, some in each 

amplifier, some in the constant current source, and some in the curvature compensation 

circuit. All of that is fit into the tiny package with three leads. 

The LM35 series are precision integrated-circuit temperature devices with an output voltage 

linearly proportional to the Centigrade temperature. LM35 is three terminal linear 

temperature sensors from National semiconductors. It can measure 

temperature from -55 degree Celsius to +150 degree Celsius. The voltage 

output of the LM35 increases 10mV per degree Celsius rise in 

temperature. LM35 can be operated from a 5V supply and the stand by 

current is less than 60uA. The pin out of LM35 is shown in the figure 

below. 

Features 

• Calibrated Directly in Celsius (Centigrade) 

• Linear + 10-mV/°C Scale Factor 

• 0.5°C Ensured Accuracy (at 25°C) 

• Rated for Full −55°C to 150°C Range 

• Suitable for Remote Applications 

• Low-Cost Due to Wafer-Level Trimming 

• Operates from 4 V to 30 V 

• Less than 60-μA Current Drain 

• Low Self-Heating, 0.08°C in Still Air 

• Non-Linearity Only ±¼°C Typical 

• Low-Impedance Output, 0.1 Ω for 1-mA Load 
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Fig 4.3.1:LM35 Temperature Sensor 

• LM35 is a temperature measuring device having an analog output voltage 

proportional to the temperature. 

• It provides output voltage in Centigrade (Celsius). It does not require any external 

calibration circuitry. 

• The sensitivity of LM35 is 10 mV/degree Celsius. As temperature increases, output 

voltage also increases. 

            E.g. 250 mV means 25°C. 

• It is a 3-terminal sensor used to measure surrounding temperature ranging from -55 

°C to 150 °C. 

• LM35 gives temperature output which is more precise than thermistor output. 

 

 

  

https://cdn.instructables.com/FQ2/IK6S/JASJNMRD/FQ2IK6SJASJNMRD.LARGE.jpg?auto=webp&fit=bounds
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4.4. SMOKE SENSOR 

MQ2 is one of the commonly used gas sensors in MQ sensor series. It is a Metal Oxide 

Semiconductor (MOS) type Gas Sensor also known as Chemiresistors as the detection is 

based upon change of resistance of the sensing material when the Gas comes in contact with 

the material. Using a simple voltage divider network, concentrations of gas can be detected. 

 

                                                 Fig 4.4: Smoke Sensor 

 

 

 

 

 

 

Table 4.1 smoke sensor specifications 

MQ2 Gas sensor works on 5V DC and draws around 800mW. It can 

detect LPG, Smoke, Alcohol, Propane, Hydrogen, Methane and Carbon Monoxide concentrat

ions anywhere from 200 to 10000ppm. 

 

Operating voltage 5V 

Load resistance 20 KΩ 

Heater resistance 33Ω ± 5% 

Heating consumption <800mw 

Sensing Resistance 10 KΩ – 60 KΩ 

Concentration Scope 200 – 10000ppm 

Preheat Time Over 24 hours 
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4.4.1 Internal structure of MQ2 Gas Sensor 

The sensor is actually enclosed in two layers of fine stainless steel mesh called Anti-

explosion network. It ensures that heater element inside the sensor will not cause an 

explosion, as we are sensing flammable gases. 

 

Fig 4.4.1 Internal Structure Of Smoke Sensor 

It also provides protection for the sensor and filters out suspended particles so that only 

gaseous elements are able to pass inside the chamber. The mesh is bound to rest of the body 

via a copper plated clamping ring. 

 

This is how the sensor looks like when outer mesh is removed. The star-shaped structure is 

formed by the sensing element and six connecting legs that extend beyond the Bakelite base. 

Out of six, two leads (H) are responsible for heating the sensing element and are connected 

through Nickel-Chromium coil, well known conductive alloy. 

The remaining four leads (A & B) responsible for output signals are connected 

using Platinum Wires. These wires are connected to the body of the sensing element and 

convey small changes in the current that passes through the sensing element. 

 

The tubular sensing element is made up of Aluminum Oxide (AL2O3) based ceramic and has 

a coating of Tin Dioxide (SnO2). The Tin Dioxide is the most important material being 

sensitive towards combustible gases. However, the ceramic substrate merely increases 

heating efficiency and ensures the sensor area is heated to a working temperature constantly. 
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So, the Nickel-Chromium coil and Aluminum Oxide based ceramic forms a Heating System; 

while Platinum wires and coating of Tin Dioxide forms a Sensing System. 

4.4.2Working Of Smoke Sensor 

When tin dioxide (semiconductor particles) is heated in air at high temperature, oxygen is 

adsorbed on the surface. In clean air, donor electrons in tin dioxide are attracted toward 

oxygen which is adsorbed on the surface of the sensing material. This prevents electric 

current flow. 

In the presence of reducing gases, the surface density of adsorbed oxygen decreases as it 

reacts with the reducing gases. Electrons are then released into the tin dioxide, allowing 

current to flow freely through the sensor. 

Since MQ2 Gas Sensor is not breadboard compatible, we do recommend this handy little 

breakout board. It’s very easy to use and comes with two different outputs. It not only 

provides a binary indication of the presence of combustible gases but also an analog 

representation of their concentration in air. 

  

Fig 4.4.2: Working of Smoke Sensor 

The analog output voltage provided by the sensor changes in proportional to the 

concentration of smoke/gas. The greater the gas concentration, the higher is the output 

voltage; while lesser gas concentration results in low output voltage. The following animation 

illustrates the relationship between gas concentration and output voltage. 

 

The analog signal from MQ2 Gas sensor is further fed to LM393 High Precision Comparator 

(soldered on the bottom of the module), of course to digitize the signal. Along with the 
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comparator is a little potentiometer you can turn to adjust the sensitivity of the sensor. You 

can use it to adjust the concentration of gas at which the sensor detects it.   

Calibrate MQ2 Gas Sensor Module 

To calibrate the gas sensor you can hold the gas sensor near smoke/gas you want to detect 

and keep turning the potentiometer until the Red LED on the module starts glowing. Turn the 

screw clockwise to increase sensitivity or anticlockwise to decrease sensitivity. 

 

The comparator on the module continuously checks if the analog pin (A0) has hit the 

threshold value set by potentiometer. When it crosses the threshold, the digital pin (D0) will 

go HIGH and signal LED turns on. This setup is very useful when you need to trigger an 

action when certain threshold is reached. 

MQ2 Gas Sensor Module Pinout 

 

Fig 4.4.3:Pin Description Of Smoke Sensor 

VCC supplies power for the module. You can connect it to 5V output from your Arduino. 

GND is the Ground Pin and needs to be connected to GND pin on the Arduino. 

D0 provides a digital representation of the presence of combustible gases. 

A0 provides analog output voltage in proportional to the concentration of smoke/gas. 
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4.5. Flame Sensor 

A flame detector is a sensor designed to detect and respond to the presence of a flame or 

fire. Responses to a detected flame depend on the installation, but can include sounding an 

alarm, deactivating a fuel line (such as a propane or a natural gas line), and activating a fire 

suppression system. 

 

Fig 4.5 : Flame Sensor 

There are different types of flame detection methods. Some of them are: Ultraviolet detector, 

near IR array detector, infrared (IR) detector, Infrared thermal cameras, UV/IR detector etc. 

When fire burns it emits a small amount of Infra-red light, this light will be received by the 

Photodiode (IR receiver) on the sensor module. Then we use an Op-Amp to check for change 

in voltage across the IR Receiver, so that if a fire is detected the output pin (DO) will give 

0V(LOW) and if the is no fire the output pin will be 5V(HIGH). 

In this project we are using an IR based flame sensor. It is based on the YG1006 sensor 

which is a high speed and high sensitive NPN silicon phototransistor. It can detect infrared 

light with a wavelength ranging from 700nm to 1000nm and its detection angle is about 60°. 

 Flame sensor module consists of a photodiode (IR receiver), resistor, capacitor, 

potentiometer, and LM393 comparator in an integrated circuit. The sensitivity can be 

adjusted by varying the on board potentiometer. Working voltage is between 3.3v and 5v DC, 

with a digital output. Logic high on the output indicates presence of flame or fire. Logic low 

on output indicates absence of flame or fire. 

Pin Description 

Vcc 3.3 – 5V power supply 

GND Ground 
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Dout Digital output 

Table 4.5 Pin Description Of Flame Sensor 

Applications of flame sensors 

▪ Hydrogen stations 

▪ Combustion monitors for burners 

▪ Oil and gas pipelines 

▪ Automotive manufacturing facilities 

▪ Nuclear facilities 

▪ Aircraft hangars 

▪ Turbine enclosures 

 

 

 

4.6. GPS MODULE 

 

 

 

Fig 4.6: GPS Tracking 

Global Positioning System (GPS) is a satellite-based system that uses satellites and 

ground stations to measure and compute its position on Earth. 

GPS is also known as Navigation System with Time and Ranging (NAVSTAR) GPS. 
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GPS receiver needs to receive data from at least 4 satellites for accuracy purpose. GPS 

receiver does not transmit any information to the satellites. 

How GPS Works 

 

Fig 4.6.1: Satellite Connection with GPS 

GPS receiver uses a constellation of satellites and ground stations to calculate accurate 

location wherever it is located. 

These GPS satellites transmit information signal over radio frequency (1.1 to 1.5 GHz) to the 

receiver. With the help of this received information, a ground station or GPS module can 

compute its position and time. 

How GPS Receiver Calculates its Position and Time 

GPS receiver receives information signals from GPS satellites and calculates its distance 

from satellites. This is done by measuring the time required for the signal to travel from 

satellite to the receiver. 
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Fig 4.6.2: GPS Distance Calculation 

  

 

Where, 

Speed = Speed of Radio signal which is approximately equal to the speed of light i.e.  

Time = Time required for a signal to travel from the satellite to the receiver. 

By subtracting the sent time from the received time, we can determine the travel time. 

 

Fig 4.6.3: GPS Signal Time Difference 

To determine distance, both the satellite and GPS receiver generate the same pseudocode 

signal at the same time. 

The satellite transmits the pseudocode; which is received by the GPS receiver. 

These two signals are compared and the difference between the signals is the travel time. 
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Now, if the receiver knows the distance from 3 or more satellites and their location (which is 

sent by the satellites), then it can calculate its location by using Trilateration method. 

GPS Module 

 

Fig 4.6.4: GPS Module 

GPS receiver module gives output in standard (National Marine Electronics Association) 

NMEA string format. It provides output serially on Tx pin with default 9600 Baud rate. 

This NMEA string output from GPS receiver contains different parameters separated by 

commas like longitude, latitude, altitude, time etc. Each string starts with ‘$’ and ends with 

carriage return/line feed sequence. 

E.g. 

$GPGGA,184237.000,1829.9639,N,07347.6174,E,1,05,2.1,607.1,M,-64.7,M,,0000*7D 

$GPGSA,A,3,15,25,18,26,12,,,,,,,,5.3,2.1,4.8*36 

$GPGSV,3,1,11,15,47,133,46,25,44,226,45,18,37,238,45,26,34,087,40*72 

$GPGSV,3,2,11,12,27,184,45,24,02,164,26,29,58,349,,05,26,034,*7F 

$GPGSV,3,3,11,21,25,303,,02,11,071,,22,01,228,*40 

$GPRMC,184237.000,A,1829.9639,N,07347.6174,E,0.05,180.19,230514,,,A*64 

  

Pin Description 

VCC: Power Supply 3.3 – 6 V 

http://electronics.howstuffworks.com/gadgets/travel/gps1.htm
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GND: Ground 

TX: Transmit data serially which gives information about location, time etc. 

RX: Receive Data serially. It is required when we want to configure GPS module. 

 

4.7. NodeMCU  

Introduction 

Analog to Digital Converter (ADC) is used to convert analog signal into digital form. 

ESP8266 has inbuilt 10-bit ADC with only one ADC channel i.e. it has only one ADC input 

pin to read analog voltage from external device. 

 

Fig 4.7:NodeMCU ADC Pin 

The ADC channel on ESP8266 is multiplexed with the battery voltage. Hence, we can set it 

to measure either on board system voltage or external voltage. The input voltage range for 

ADC pin is 0–1.0V while reading external voltage. 

The setting for ADC mode i.e. whether system voltage or external voltage is being measured 

is available in 107th byte of “esp_init_data_default.bin” (0-127 byte) of firmware. 
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The 107th byte of esp_init_data_default.bin (0 - 127 byte) is “vdd33_const“. It must be set to 

0xFF i.e. 255 to read system voltage i.e. voltage on VDD pin of ESP8266. 

And to read external voltage on ADC pin it must be set to power supply voltage on VDD pin 

of ESP8266. The working power voltage range of ESP8266 is between 1.8V and 3.6V, and 

the unit of “vdd33_const“is 0.1V, therefore, the value range of “vdd33_const” is 18 to 36. 

NodeMCU has on board register divider network which provide 1.0V from 3.3V to the ADC 

pin of ESP8266. Hence, we can use 0–3.3V range for ADC input voltage for below 

NodeMCU Dev Kit. Since ADC is of 10-bit resolution, it will give 0-1023 value range for 

ADC input voltage 0-3.3V on Dev Kit 

 

  

4.8. VOLTAGE REGULATOR:   

         Regulator may use a simple feed-forward design or may include negative feedback. It 

may use an A voltage regulator is a system designed to automatically maintain a constant 

voltage level. A voltage electromechanical mechanism, or electronic components. Depending 

on the design, it may be used to regulate one or more AC or DC voltages. 

 

 

Fig 4.8: Voltage Regulator 

         A LM7805 Voltage Regulator is a voltage regulator that outputs +5 volts. and The 

LM7805, like most other regulators, is a three-pin IC. and Pin 1 (Input Pin): The Input pin is 

the pin that accepts the incoming DC voltage, which the voltage regulator will eventually 

regulate down to 5 volts. Pin 2 (Ground): Ground pin establishes the ground for the regulator. 

Pin 3 (Output Pin): The Output pin is the regulated 5 volts DC. 

7805 is a voltage regulator integrated circuit. It is a member of 78xx series of fixed linear 

voltage regulator ICs. The voltage source in a circuit may have fluctuations and would not 
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give the fixed voltage output. The voltage regulator IC maintains the output voltage at a 

constant value. The xx in 78xx indicates the fixed output voltage it is designed to provide. 

7805 provides +5V regulated power supply. Capacitors of suitable values can be connected at 

input and output pins depending upon the respective voltage levels.A LM7805 Voltage 

Regulator is a voltage regulator that outputs +5 volts. 

 

Fig 4.8.1 voltage regulator pin out 

Pin 1 (Input Pin): The Input pin is the pin that accepts the incoming DC voltage, which the 

voltage regulator will eventually regulate down to 5 volts. 

Pin 2 (Ground): Ground pin establishes the ground for the regulator. 

Pin 3 (Output Pin): The Output pin is the regulated 5 volts DC.  A simple voltage/current 

regulator can be made from a resistor in series with a diode . Due to the logarithmic shape of 

diode V-I curves, the voltage across the diode changes only slightly due to changes in current 

drawn or changes in the input. When precise voltage control and efficiency are not important, 

this design may be fine. Since the forward voltage of a diode is small, this kind of voltage 

regulator is only suitable for low voltage regulated output. When higher voltage output is 

needed, a Zener diode or series of Zener diodes may be employed. Zener diode regulators 

make use of the Zener diode's fixed reverse voltage, which can be quite large. 

         Feedback voltage regulators operate by comparing the actual output voltage to some 

fixed reference voltage. Any difference is amplified and used to control the regulation 

element in such a way as to reduce the voltage error. This forms a negative feedback control 

loop; increasing the open-loop gain tends to increase regulation accuracy but reduce stability.  

 

4.9. SPST SWITCH: 

The most familiar form of switch is a manually operated electromechanical device 

with one or more sets of electrical contacts, which are connected to external circuits. Each set 

of contacts can be in one of two states: either "closed" meaning the contacts are touching and 

electricity can flow between them, or "open", meaning the contacts are separated and the 

switch is nonconducting. The mechanism actuating the transition between these two states 

(open or closed) are usually (there are other types of actions) either an "alternate action" (flip 

the switch for continuous "on" or "off") or "momentary" (push for "on" and release for "off") 

type. 
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A switch may be directly manipulated by a human as a control signal to a system, 

such as a computer keyboard button, or to control power flow in a circuit, such as a light 

switch. Automatically operated switches can be used to control the motions of machines, for 

example, to indicate that a garage door has reached its full open position or that a machine 

tool is in a position to accept another workpiece. Switches may be operated by process 

variables such as pressure, temperature, flow, current, voltage, and force, acting as sensors in 

a process and used to automatically control a system. For example, a thermostat is a 

temperature-operated switch used to control a heating process. A switch that is operated by 

another electrical circuit is called a relay. Large switches may be remotely operated by a 

motor drive mechanism. Some switches are used to isolate electric power from a system, 

providing a visible point of isolation that can be padlocked if necessary to prevent accidental 

operation of a machine during maintenance, or to prevent electric shock. 

 

 

Fig 4.9: SPST Switch 

 

            An ideal switch would have no voltage drop when closed, and would have no limits 

on voltage or current rating. It would have zero rise time and fall time during state changes, 

and would change state without "bouncing" between on and off positions. 

Practical switches fall short of this ideal; they have resistance, limits on the current 

and voltage they can handle, finite switching time, etc. 

  

4.10. RESISTOR: 

       A resistor is a passive two-terminal electrical component that implements 

electrical resistance as a circuit element. In electronic circuits, resistors are used to 

reduce current flow, adjust signal levels, to divide voltages, bias active elements, and 

terminate transmission lines, among other uses. High-power resistors that can 

dissipate many watts of electrical power as heat, may be used as part of motor 

controls, in power distribution systems, or as test loads for generators. Fixed resistors 

have resistances that only change slightly with temperature, time or operating voltage. 

Variable resistors can be used to adjust circuit elements (such as a volume control or a lamp 

dimmer), or as sensing devices for heat, light, humidity, force, or chemical activity. 
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Resistors are common elements of electrical networks and electronic circuits and are 

ubiquitous in electronic equipment. Practical resistors as discrete components can be 

composed of various compounds and forms. Resistors are also implemented within integrated 

circuits . 

 

 

Fig 4.10:Resistor 

 

Table-1:Colour Coding 

4.10.1 .1k VARIABLE RESISTOR: 

A potentiometer is a three-terminal resistor with a sliding or rotating contact that forms an 

adjustable voltage divider. If only two terminals are used, one end and the wiper, it acts as 

a variable resistor or rheostat.  

The measuring instrument called a potentiometer is essentially a voltage divider used for 

measuring electric potential (voltage); the component is an implementation of the same 

principle, hence its name. 

https://en.wikipedia.org/wiki/Electrical_network
https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Integrated_circuits
https://en.wikipedia.org/wiki/Integrated_circuits
https://en.wikipedia.org/wiki/Terminal_(electronics)
https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Potentiometer#Rheostat
https://en.wikipedia.org/wiki/Potentiometer_(measuring_instrument)
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Electric_potential
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Fig 4.10.1:1K varable Resistor 

 

              Potentiometers are commonly used to control electrical devices such as volume 

controls on audio equipment. Potentiometers operated by a mechanism can be used as 

position transducers, for example, in a joystick. Potentiometers are rarely used to directly 

control significant power, since the power dissipated in the potentiometer would be 

comparable to the power in the controlled load. 

 

 

4.11. LCD DISPLAY:  

A liquid-crystal display (LCD) is a flat-panel display or other electronically 

modulated optical device that uses the light-modulating properties of liquid crystals. Liquid 

crystals do not emit light directly, instead using a backlight or reflector to produce images in 

colour or monochrome. LCDs are available to display arbitrary image or fixed images with 

low information content, which can be displayed or hidden, such as preset words, digits, 

and seven-segment displays, as in a digital clock. They use the same basic technology, except 

that arbitrary images are made up of a large number of small pixels, while other displays have 

larger elements. 

 

           

Fig 4.11:LCD Display 

            

          LCDs are used in a wide range of applications including LCD televisions, computer 

monitors, instrument panels, aircraft cockpit displays, and indoor and outdoor signage. Small 

https://en.wikipedia.org/wiki/Transducer
https://en.wikipedia.org/wiki/Joystick
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LCD screens are common in portable consumer devices such as digital 

cameras, watches, calculators, and mobile telephones, including smartphones. LCD screens 

are also used on consumer electronics products such as DVD players, video game devices 

and clocks. LCD screens have replaced heavy, bulky cathode ray tube (CRT) displays in 

nearly all applications. LCD screens are available in a wider range of screen sizes than CRT 

and plasma displays, with LCD screens available in sizes ranging from tiny digital watches to 

very large television receivers. 

 

 

 

Fig 4.11.1:LCD Display Pin Description 

 

             Since LCD screens do not use phosphors, rarely suffer image burn-in when a static 

image is displayed on a screen for a long time, e.g., the table frame for an airline flight 

schedule on an indoor sign. LCDs are, however, susceptible to image persistence.[2] The LCD 

screen is more energy-efficient and can be disposed of more safely than a CRT can. Its low 

electrical power consumption enables it to be used in battery-powered electronic equipment 

more efficiently than CRTs can be. By 2008, annual sales of televisions with LCD screens 

exceeded sales of CRT units worldwide, and the CRT became obsolete for most purposes. 

 

 

4.12. BUZZER 

This piezo buzzer is 23mm in diameter and has 30mm spaced mount holes. Supplied with a 

100mm lead it is designed for 3 - 20V,it produces a 3kHz tone at an 85dB level at 30cm. 
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Fig.no:4.12.Buzzer 

Speciffications 

Operation Voltage: 3-24V DC 

Current: <15mA 

SPL: 85dBA/10cm 

Frequency: 3,300Hz 

Color: Black 

Operating Temperature: - 20° to +60° 

 

 

 

 

  



FOREST FIRE DETECTION AND CONTROL USING NODEMCU 

 

31 

 

 

 

CHAPTER -5 

WORKING 

 

 All the connections are given properly. After checking the connections program is 

dumped in Arduino MEGA. When the supply is given to the circuit it will shows the status of 

Temperatures of all the T1, T2, T3, T4 sensors on the LCD Display. 

During Normal Conditions a particular time interval if the temperature ‘T’ which is output of 

temperature sensor is below the threshold value will indicate that   there is no forest fire. 

These temperature values along with the value of Flame and Smoke will be transmitted in 

real time to base station so as monitor the forest environment condition continuously. Any 

increase in the temperature than normal threshold value will give us indication of chances of 

fire. During Forest Fire if the temperature becomes greater than the normal or threshold 

temperature at the particular time an alert is send to base station through SMS. Also, the 

sensor values are sent continuously to the base station. The SMS includes the real time values 

of sensor data and the direction of fire detected and GPS coordinates of fire location.  

            The LCD display will show the temperatures of each sensor. If any change occurs in 

any sensor then Arduino automatically compare the value with threshold values. If the value 

is greater than the threshold value the Arduino will send signal to GSM module to send the 

SMS alert to the respective Forest Department which consists of the direction of fire and 

location coordinates. A Buzzer is used in the Base Station to alert the staff if Forest Fire is 

occurred. 
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                                           CHAPTER – 6  

ADVANTAGES 

 

➢ To detect the exact direction of fire source before it become danger 

➢ To save property and life of wild animals. 

➢ Reliable and economical 

➢ Not sensitive to weather condition 

➢ To save the Environment from pollution 
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CHAPTER - 7 

Result  

After designing the prototype for forest fire detection, the data acquired from the sensors are 

transmitted wirelessly to base station where we can monitor it continuously. To detect the fire 

in the forest fire threshold value of temperature is taken as 35°C. When temperature exceeds 

this threshold value in addition to transmitting sensor values continuously to base station PC 

it will send an SMS and makes a call as an alert for forest fire. Figure 4 shows the snapshot of 

data values obtained whereas Figure 5 and Figure 6 shows the SMS and call obtained when 

temperature exceeds threshold value.  

 

FOREST FIRE DATA by NODE MCU: 

 
Fig.no:7.1. Initialization NODEMCU 

 

Fig.no:7.2. Sensor Data Sent by NODEMCU 
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FOREST FIRE ALERT by SMS: 

                                               
Fig.no:7.3.Forest Fire Detection Alert By Gsm Module 
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Forest Fire Detection by LCD Display 

 

Fig.no:7.4.LCD DISPLAY 16*2 

 

 

 

Fig.no:7.5.Temperature Readings By LCD Display 

 

 

Fig.no:7.6. Forest Fire Detection Alert By Lcd Display 
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                                         CHAPTER-8 

Conclusion and Future Work 
➢ As this prototype presented makes use single sensor node. In future we can use 

multiple sensor nodes which can be used to transmit data.  

➢ The GPS system can be used to obtain location where forest fire occurred. It will 

indicate the longitude and latitude values where forest fire takes place.  

➢ Also, we can replace the BT-Bee module by Zig-Bee module in order to increase the 

transmission range. There are three WSNs topological structures supported by              

Zig-Bee   star shaped, cluster type and mesh type. There can be a number of links for 

network structure from the source node to the destination node, and the establishment 

of these links is dynamic and dynamic maintenance.  

➢ In the mesh structure with multi-hop, the communications power consumption of each 

node can be greatly reduced, which no doubt has great appeal for wireless sensor 

networks with the special requirements of power saving.  

➢ In addition, the mesh structure of the network can also make up more complex 

network, with greater routing depth and network node size.  

➢ The distance between each network node can be extended to several hundred meters, 

even a few kilometres from the standard 75 meters. Thus, the wireless sensor 

networks with mesh structure are appropriate in a wide range of environmental 

monitoring.  
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                                APPENDIX 
 

    #include <LiquidCrystal.h> 

int f1=22,f2=26,f3=30,f4=34,s1=24,s2=28,s3=32,s4=36,buz=13; 

int t1,t2,t3,t4; 

#include <SoftwareSerial.h> 

int la,lo,latt,lonn, gps_chk='0',hbt; 

float lath,latl,lonh,lonl,lat,lon; 

unsigned char sdata=0,rx[50],r; 

SoftwareSerial mySerial(2, 3); // RX, TX 

LiquidCrystal lcd(A8, A9, A10, A11, );  

void setup() 

{ 

  Serial.begin(9600); 

  Serial1.begin(9600); 

  mySerial.begin(9600); 

  pinMode(f1,INPUT);pinMode(f2,INPUT);pinMode(f3,INPUT);pinMode(f4,INPUT); 

  pinMode(s1,INPUT);pinMode(s2,INPUT);pinMode(s3,INPUT);pinMode(s4,INPUT); 

  pinMode(buz,OUTPUT); 

  lcd.begin(16,2); 

 lcd.setCursor(0,0); 

 lcd.print("IOT BASED FOREST"); 

 lcd.setCursor(0,1); 

 lcd.print(" FIRE ALERTING  "); 

 delay(2000); 

 lcd.setCursor(0,0); 

 lcd.print("T1:      T2:    "); 
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 lcd.setCursor(0,1); 

 lcd.print("T3:      T4:    "); 

 Serial2.println("hai");  

 //Serial1.println("hai");  

 Serial.println("hai");  

 Serial1.println("hai");  

} 

 

void loop()  

{ 

  delay(200); 

  t1=analogRead(A0); t1=t1*0.4833; 

  t2=analogRead(A1); t2=t2*0.4833; 

  t3=analogRead(A2); t3=t3*0.4833; 

  t4=analogRead(A3); t4=t4*0.4833; 

  Serial1.print("A");Serial1.print(t1);Serial1.print("*"); delay(50); 

  Serial1.print("B");Serial1.print(t2);Serial1.print("*"); delay(50); 

  Serial1.print("C");Serial1.print(t3);Serial1.print("*"); delay(50); 

  Serial1.print("D");Serial1.print(t4);Serial1.print("*"); delay(50); 

  lcd.setCursor(3,0);lcd.print(t1);lcd.print("  "); 

  lcd.setCursor(12,0);lcd.print(t2);lcd.print("  "); 

  lcd.setCursor(3,1);lcd.print(t3);lcd.print("  "); 

  lcd.setCursor(12,1);lcd.print(t4);lcd.print("  "); 

  if(t1>60 || digitalRead(s1)==0 && digitalRead(f1)==0) 

  { 

    digitalWrite(buz,HIGH); 

     digitalWrite(buz,LOW); 
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     digitalWrite(buz,HIGH); 

    Serial.println("fire detected1....");gps_sms(1); 

  } 

  if(t2>60 || digitalRead(s2)==0 && digitalRead(f2)==0) 

  { 

    digitalWrite(buz,HIGH); 

    Serial.println("fire detected2....");gps_sms(2); 

  } 

   if(t3>60 || digitalRead(s3)==0 && digitalRead(f3)==0) 

  { 

    digitalWrite(buz,HIGH); 

    Serial.println("fire detected3....");gps_sms(3); 

  } 

   if(t4>60 || digitalRead(s4)==0 && digitalRead(f4)==0) 

  { 

    digitalWrite(buz,HIGH); 

    Serial.println("fire detected4....");gps_sms(4); 

  }   

} 

unsigned char rxd (void) 

{                     

  while (Serial.available()==0); 

  return(Serial.read()); 

  //return (sdata); 

} 
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void gps_sms(int kl) 

{ 

    gps_chk='0'; 

    while(gps_chk=='0') 

    { 

    if(rxd()=='$') 

    { 

       

          if(rxd()=='G') 

          { 

            if(rxd()=='G') 

            { 

              if(rxd()=='A') 

              { 

                gps_chk='1'; 

                for(r=0;r<36;r++) 

                { 

                

                 

                for(r=11;r<36;r++) 

                { 

                  Serial.write(rx[r]);//rx[r] = rxd(); 

                } 

                Serial.println(); 

                la=(rx[11]&0x0f)*10+(rx[12]&0x0f); 

                lath=(rx[13]&0x0f)*10+(rx[14]&0x0f); 

                latl=(rx[16]&0x0f)*1000+(rx[17]&0x0f)*100+(rx[19]&0x0f)*10+(rx[20]&0x0f); 
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                lo=(rx[25]&0x0f)*10+(rx[26]&0x0f); 

                lonh=(rx[27]&0x0f)*10+(rx[28]&0x0f); 

                lonl=(rx[30]&0x0f)*1000+(rx[31]&0x0f)*100+(rx[32]&0x0f)*10+(rx[33]&0x0f); 

                 

                lath=lath/60; 

                latl=(latl/60)/10000; 

                lat=lath+latl; 

                latt=lat*10000; 

                 

                lonh=lonh/60; 

                lonl=(lonl/60)/10000; 

                lon=lonh+lonl; 

                lonn=lon*10000; 

                if(kl==1) 

                { 

                  lcd.setCursor(0,0); 

                  lcd.print("  FOREST FIRE   "); 

                  lcd.setCursor(0,1); 

                  lcd.print("  AT EAST SIDE  "); 

                   

                  mySerial.println("AT+CMGF=1");     

                  delay(2000);   

                  mySerial.print("AT+CMGS=\"r\n"); 

                  delay(2000); 

                  mySerial.print("FIRE DETECTED AT EAST SIDE  

Temp:");Serial.print(t1);Serial.println(" AT:"); 

                  mySerial.print("http://maps.google.com/maps?q="); 
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MySerial.print(la);mySerial.print('.');mySerial.print(latt);mySerial.print(",");//Serial.println(la

tl); 

                  mySerial.print(lo);mySerial.print('.');mySerial.println(lonn);//16.454596390, 

80.654752 

                  Serial.print("http://maps.google.com/maps?q="); 

                  

Serial.print(la);Serial.print('.');Serial.print(latt);Serial.print(",");//Serial.println(latl); 

                  Serial.print(lo);Serial.print('.');Serial.println(lonn);//16.49635690, 80.4654752 

                  delay(2000); 

                  mySerial.println((char)26);// ASCII code of CTRL+Z 

                  delay(2000);digitalWrite(13,LOW); 

                  lcd.setCursor(0,0); 

                  lcd.print("T1:      T2:    "); 

                  lcd.setCursor(0,1); 

                  lcd.print("T3:      T4:    "); 

                   

                } 

                else if(kl==2) 

                { 

                  lcd.setCursor(0,0); 

                  lcd.print("  FOREST FIRE   "); 

                  lcd.setCursor(0,1); 

                  lcd.print("  AT EAST SIDE  "); 

                   

                mySerial.println("AT+CMGF=1");     

                delay(2000);  //  

                //Serial.print("AT+CMGS=\" 
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                mySerial.print("AT+CMGS=\" 

                 

                mySerl.println("FIRE DETECTED AT WEST SIDE 

Temp:");Serial.print(t2);Serial.println(" AT:"); 

                mySerial.print("http://maps.google.com/maps?q="); 

                

mySerial.print(la);mySerial.print('.');mySerial.print(latt);mySerial.print(",");//Serial.println(lat

l); 

                mySerial.print(lo);mySerial.print('.');mySerial.println(lonn);//16.496390, 80.654752 

                Serial.print("http://maps.google.com/maps?q="); 

                Serial.print(la);Serial.print('.');Serial.print(latt);Serial.print(",");//Serial.println(latl); 

                Serial.print(lo);Serial.print('.');Serial.println(lonn);//16.496390, 80.654752 

                delay(2000); 

                mySerial.println((char)26);// ASCII code of CTRL+Z 

                delay(1000); 

                digitalWrite(13,LOW); 

                  lcd.setCursor(0,0); 

                  lcd.print("T1:      T2:    "); 

                  lcd.setCursor(0,1); 

                  lcd.print("T3:      T4:    "); 

                 

                } 

                else if(kl==3) 

                { 

                  lcd.setCursor(0,0); 

                  lcd.print("  FOREST FIRE   "); 

                  lcd.setCursor(0,1); 

                  lcd.print("  AT NORTH SIDE "); 
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                mySerial.println("AT+CMGF=1");     

                delay(2000);  //  

                //Serial.print("AT+CMGS=\\"\r\n");//  

                mySerial.print("AT+CMGS=\"\"\r\n");//  

                delay(2000); 

                mySerial.println("FIRE DETECTED AT NORTH SIDE 

Temp:");Serial.print(t3);Serial.println(" AT:"); 

                mySerial.print("http://maps.google.com/maps?q="); 

                

mySerial.print(la);mySerial.print('.');mySerial.print(latt);mySerial.print(",");//Serial.println(lat

l); 

                mySerial.print(lo);mySerial.print('.');mySerial.println(lonn);//16.496390, 80.654752 

                Serial.print("http://maps.google.com/maps?q="); 

                Serial.print(la);Serial.print('.');Serial.print(latt);Serial.print(",");//Serial.println(latl); 

                  Serial.print(lo);Serial.print('.');Serial.println(lonn);//16.496390, 80.65 

                { 

                   

                                                                            } 

                                                             } 

                                          } 

                             } 

                   } 

       } 
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GUDLAVALLERU ENGINEERING COLLEGE 

Seshadri Rao Knowledge Village, Gudlavalleru – 521356. 

Department of Electrical and Electronics Engineering 

 

Programme Educational Objectives  

 

1.  Graduates will have technical knowledge, skills and competence to identify, 

comprehend and solve problems of industry and society.  

2.  Graduates learn and adapt themselves to the constantly evolving technology to pursue 

higher studies and undertake research. 

3.  Graduates will engage in lifelong learning and work successfully in teams with 

professional, ethical and administrative acumen to handle critical situations.  

 

 

 

Programme Specific Outcomes (PSO) 

 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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Programme Outcomes:  
 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of  the information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  
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    solutions in societal and environmental contexts, and demonstrate the knowledge of,  

    and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

    norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 
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PROJECT PROFORMA 

 

 

Classification of Project 

Application Product Research Review 

    

Note: Tick Appropriate category. 

 

Project outcomes mapped with program outcomes: 

CO 1: Use new tools. 

CO 2: Work as an individual and in a team CO 3: Analyze critically. 

CO 4: Identify and solve problems. 

 

PO / CO 

MAPPING 

PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO9 PO10 PO11 PO 12 PSO 1 PSO 2 

Use new tools  

2 

 

3 

 

2 

 

3 

 

3 

 

1 

 

2 

 

1 

 

2 

 

2 

 

2 

 

1 

 

3 

 

3 

work as an 

individual 

and in a team 

 

 

3 

 

 

2 

 

 

2 

 

 

2 

 

 

3 

 

 

1 

 

 

1 

 

 

2 

 

 

3 

 

 

3 

 

 

3 

 

 

2 

 

 

2 

 

 

3 

Analyze 

critically 

 

3 

 

3 

 

3 

 

3 

 

2 

 

1 

 

2 

 

2 

 

2 

 

2 

 

2 

 

2 

 

3 

 

3 

identify and 

solve 

problems 

 

3 

 

3 

 

3 

 

3 

 

3 

 

1 

 

1 

 

1 

 

2 

 

2 

 

1 

 

1 

 

3 

 

3 

MAP WITH HIGH (3), MEDIUM (2), LOW (1) 
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Program Outcomes (POs): 

 

S.No. Programme Outcomes 

a 
Apply knowledge of mathematics, science and engineering to formulate and solve 

complex electrical & electronics engineering problems 

 

b 
Ability to design and develop hardware and /or software system, a component thereof, 

and process in electrical and electronics engineering to meet desired performance needs, 

within realistic constraints 

c 
Use various techniques and modern tools for modelling and simulation of various 

components, conduct experiments to analyze and provide valid conclusions on the 

performance of various components in electrical and electronics engineering 

d 
Apply reasoning and contextual knowledge to solve various engineering, industry and 

societal problems 

 

e 
Understand the role of electrical and electronics engineering for sustainable  

development in a global, economic, environmental and societal context 

 

f 
An ability to apply professional ethics, responsibilities and commitment to function 

effectively as an individual or as a member of a team to find successful design solutions 

to the problems related to electrical and electronics engineering 

g An ability to communicate effectively on complex engineering activities 

 

h 
Apply principles of management and business practices to become good entrepreneur as 

well as in the industry 

 

i Engage in independent and lifelong learning and to have knowledge of contemporary  

 Technologies 
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ABSTRACT

Grasscuttersareusedtocutthegrassinevensurfacesandcan’tbeusedinunevenand

curvaturesurfaces.Butintheagriculturefieldsthesurfacesarenoteven.Inagriculturefieldsto

overcomesuchsituationssolarpoweredweedersforunevensurfacesagriculturefieldisintroduced.

System uses12vbatteriestopowertheDCmotor.Thesolarpanelisusedtochargethebattery.Thedc

motoriscontrolledbytheon/offswitch.Solarpoweredweederisverysimpleinconstructionand

reducesthelabortimespentforweeders.
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CHAPTER1

INTRODUCTION

Theenergyplaysaveryimportantroleineveryone'slife.TheGrasscuttingmachinesare

becomeverypopularinnowdays.Conventionalmotorpoweredgrasscuttersareinconvenient,

duetouseofengine.Grasscuttersmovingwithenginecreatenoisepollutionandlocalair

pollutionduetothecombustionengine.Also,amotorpoweredenginerequiresperiodic

maintenance.Eventhoughelectricsolargrasscutteriseco-friendly,becausesolarisaclean

sourceoftheenergy.

Thegrasscuttersareusedtoprovideahighspeedrotationtotheblade,which

helpstocutthegrass.Thecuttingedgesareverysmoothandaccurate.Alsoelectricgrass

cuttingmachinesaremucheasiertouseingarden,lawnandgrassfieldseventhoughthe

surfaceisevenoruneven.Inordertoenhancethebeautyofhome-lawnsandgardens,

Grasscuttingmachinesarethebestoptionavailableinthemarket.Withthehelpofagrass

cutterwhichisamachinewithrevolvingbladeshelpsusforcuttingthelawnsateven

length,peoplecaneasilymaintainandbeautifytheirlawnsandgardens.Theproposed

solargrasscutteraresolarpanel,solarchargecontroller,battery,dcmotorforgrass

cutting.Theraw materialusedarewires,metalrods,cables.Unskilledlabourcanalso

operateeasilyandmaintainthelawnandfieldsveryfineanduniform surfacelookwhich

theuserneeds.

Solarpoweredweederismoresatisfyingandcheaperthanthosechemicaland

otherconventionalweeders.Thustheproblem definitionoftheprojectiscontrollingthe

weedsandgrassintheagriculturefield.Alsothelabourrequiredforweedingisexpensive,

timeconsuminganddifficulttoorganize,whilethemainobjectiveistobuiltamachinethat

willovercometheabovebottlenecks.Inthisprojectwearegoingtoprepareaweed

removingmachineforagriculturallandandlawnsandtoreducethehumaneffortofgrass

eliminationandtocreateamachineforlowcostusingsolarenergy

Solarpoweredgrasscutterwillfulfiltheconsumerrequirementandwillreduceboth
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environmentalandnoisepollution.Thisdesignismeanttobeanalternategreenoptionto

thepopularandenvironmentallyhazardousfuelpoweredlawnmower.Ultimately,the

consumerwillbedoingmorefortheenvironmentwhiledoinglessworkintheirdailylives.

Weedcontrolisoneofthemostdifficulttasksinagriculturethataccountsfora

considerable share ofthe costinvolved in agriculture production.Farmers generally

expressedtheirconcernfortheeffectiveweedcontrolmeasurestoarrestthegrowthand

propagationofweeds.InIndianagriculture,it’saverydifficulttasktoweedoutunwanted

plantsmanuallyaswellasusingbullockoperatedequipmentswhichmayfurtherleadto

damageofmaincrops.Morethan33percentofthecostincurredincultivationisdiverted

toweedingoperationstherebyreducingtheprofitshareoffarmers.Aweedisessentially

anyplantwhichgrowswhereitisunwanted.A weedcanbethoughtofasanyplant

growinginthewrongplaceatthewrongtimeanddoingmoreharm thangood(Parish,

1990).Itisaplantthatcompeteswithcropsforwater,nutrientsandlight.Thiscanreduce

cropproduction.Someweedshavebeneficialusesbutnotusuallywhentheyaregrowing

amongcrops.Weedsdecreasethevalueofland,particularlyperennialweedswhichtendto

accumulateonlongfallows;increasecostofcleaninganddryingcrops.Weedswaste

excessiveproportionsoffarmers’time,therebyactingasabrakeondevelopment.Weeding

is an importantbutequally labourintensive agriculturalunitoperation.Today the

agriculturalsector requires non-chemicalweed controlthat ensures food safety.

Consumersdemandhighqualityfoodproductsandpayspecialattentiontofoodsafety.

Throughthetechnicaldevelopmentofmechanismsforphysicalweedcontrol,itmightbe

possibletocontrolweedsinawaythatmeetsconsumerandenvironmentaldemands.

Womenlaboursplayedasignificantroleinthericecultivation(Marothiaand

Sharma1985).Theyuseavarietyofhandtoolsandimplementstoperform varioustasksin

cropproductionprocess.Thetimehascomewhenthetractorisalsobeingoperatedby

Indianwomen.Weedingisoneofthemostimportantfieldoperationsandconsumes15per

centoftotalenergyspentincropproduction.Withtheadventofmechanizationandthe

adoptionofhighyieldingvarietiesinterestinmechanicalweedersisseenamongthe
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farmers.Mechanicalweedcontrolreducesthedrudgeryinvolvedinuprootingoftheweeds.

Moreovermechanicalweedersbesideskillingtheweedsloosenthesoilbetweenrowsthus

increasingairandwaterintakecapacity.Butthismethodofweedcontrolhasreceived

muchlessscientificattentioncomparedtotheothermethods.Asaresulttraditionaltools,

implementsandmethodsarestillusedbymajorityofthefarmersforweedcontrol.

Whythisproject:

1.Theobjectiveoftheprojectistodesign,constructandtestbatteryoperatedweeder,

toprovidethebestopportunitytofarmer’stoeasilycontrolandremovingtheweedfrom

farm.

2.Weedingwiththeuseoftoolslikecutlassandhoerequireshighlabourforceina

commercialfarmingsystem hencemechanicalweederisnecessaryto reducethe

labourforce.

3.Environmentaldegradationandpollutioncausedbychemicalisreducedbytheuse

ofMechanicalweeder.Low effective operation,high work effortand high time

requirementfordifferenttypesofhoeorcutlass,canbeovercomewiththeuseof

mechanicalweeder.

4.PresentlyinIndia,weedingwithsimpletoolssuchascutlass,hoeetc.islabour

intensiveandintensiveandtimeconsuming.Thus,thereisaneedforthedesignof

manuallyoperatedweederforintensiveandcommercialfarmingsystem inIndia.

5.Forthisstudywearedevelopedbatteryoperatedweederbypowerofwipermotor.
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CHAPTER2

CIRCUITDISCRIPTION

2.1BLOCKDIAGRAM:
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Fig2.1:BlockDiagram

Theblockdiagram consistsofsolarpanel,solarchargecontroller,battery, dcmotorforgrass

Pollutionisman-madeandcanbeseeninourowndailylives,morespecificallyinourownhomes,

bladesOn/offswitch.Thesolarpanel,batteryandthedcmotorareconnectedtothesolarcharge

controllerassolarpanelreceivetheenergyfrom thesun,Weuseasolarpaneltochargethebatteryso

thatthereisnoneedofchargingitexternally.Apanelisdesignedtoabsorbthesun'sraysasasource

ofenergyforgeneratingelectricity.Photovoltaicmodulesuselightenergy(photons)from theSunto

generateelectricitythroughthephotovoltaiceffect.Thesystem uses12Vbatteriestopowerthevehicle

movementmotorsaswellasthegrasscuttermotor.

Thegeneratedenergyisstoredinthebatteryi.e.chargingthebattery.Thedcmotorwillrunwiththe

helpofthebatteryasthedcmotorisconnectedtothebattery.thebladeswillrotatewhenthemotoris

rotating,withthehelpofthehighspeedrotatingbladeswewillcutthegrassinlawnsandalsoineven

andunevenagriculturefields.

2.2.LAYOUTDIAGRAM:
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Fig2.2:LayoutDiagram
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CHAPTER3

REQUIREMENTSOFPROJECT

3.1SOLARPANEL:

Fig3.1:Solarpanel

Thesolarpanelsareusedtogenerateelectricpower.Apaneldesignedtoabsorbthesun'sraysasa

sourceofenergyforgeneratingelectricity.Photovoltaicmodulesuselightenergy(photons)from the

Suntogenerateelectricitythroughthephotovoltaiceffect.

TheEarthreceivesanincrediblesupplyofsolarenergy.Thesun,anaveragestar,isafusion

reactorthathasbeen

burningover4billionyears.Itprovidesenoughenergyinoneminutetosupplytheworld's

energyneedsforoneyear.Inoneday,itprovidesmoreenergythanourcurrentpopulation

wouldconsumein27years.Infact,"Theamountofsolarradiationstrikingtheearthovera

three-ayperiodis

equivalentto the energy stored in allfossilenergy sources."Solarenergy is a free,

inexhaustibleresource,yetharnessingitisarelativelynew idea.Consideringthat"thefirst
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practicalsolarcellsweremadelessthan30yearsago,"wehavecomealongway.The

prolongationofsolarprofessionalcompaniesdesigninguniqueandspecificsolarpower

systemsforindividualhomesmeansthereisnolongeranexcusenottoconsidersolarpower

foryourhome.Thebiggestjumpsinefficiencycame"withtheadventofthetransistorand

accompanyingsemiconductortechnology.Thereareseveraladvantagesofphotovoltaicsolar

powerthatmakeit"oneofthemostpromisingrenewableenergysourcesintheworld."

Itisnon-polluting,hasnomovingpartsthatcouldbreakdown,requireslittlemaintenanceand

nosupervision,andhasalifeof20-30yearswithlow runningcosts.Itisespeciallyunique

becausenolarge-scaleinstallationisrequired.

Remoteareascaneasilyproducetheirownsupplyofelectricitybyconstructingassmalloras

largeofasystem as

needed.Solarpowergeneratorsaresimplydistributedtohomes,schools,orbusinesses,

wheretheirassemblyrequiresnoextradevelopmentorlandareaandtheirfunctionissafeand

quiet.Ascommunitiesgrow,moresolarenergycapacitycanbeadded.Solarenergyismost

soughttodayindevelopingcountries,thefastestgrowingsegmentofthemarket.Peoplego

withoutelectricityasthesunbeatsdownontheland,makingsolarpowertheobviousenergy

choice."Governmentsarefindingitsmodular,decentralizedcharacteridealforfillingthe

electricneedsofthethousandsofremotevillagesintheircountries."Itismuchmorepractical

thantheextensionof expensivepowerlinesintoremoteareas,wherepeopledonothavethe

moneytopayforconventionalelectricity.Thereareonlytwoprimarydisadvantagestousing

solarpower:amountofsunlightandcostofequipment.Theamountofsunlightalocation

receives"variesgreatlydependingongeographicallocation,timeofday,seasonandclouds.

Consideringtheimportanceoftheuseofsolarcellsandefficientuseofsolarenergy,inthis

articlewewillexaminethedifferenttypesofsolarcells.

Asolarcell,orphotovoltaiccell,isanelectricaldevicethatconvertstheenergyoflightdirectly

intoelectricitybythephotovoltaiceffect,whichisaphysicalandchemicalphenomenon.[1]It

isaform ofphotoelectriccell,definedasadevicewhoseelectricalcharacteristics,suchas

current,voltage,orresistance,varywhenexposedtolight.Solarcells95AskariMohammad

Bagheretal.:TypesofSolarCellsandApplicationarethebuildingblocksofphotovoltaic

modules,otherwiseknownassolarpanels.Solarcellsaredescribedasbeingphotovoltaic
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irrespectiveofwhetherthesourceissunlightoranartificiallight.Theyareusedasaphoto

detector(forexampleinfrareddetectors),detectinglightorotherelectromagneticradiation

nearthevisiblerange,ormeasuringlightintensity.

Theoperationofaphotovoltaic(PV)cellrequires3basicattributes:

1.Theabsorptionoflight,generatingeitherelectron-holepairsorexactions.

2.Theseparationofchargecarriersofoppositetypes.

3.Theseparateextractionofthosecarrierstoanexternalcircuit.

AsolarcellisaP-Njunctiondiodeunderlightilluminationwithaverylargesurfacearea.

WhenSolarlightorphotonsarefallonthecellproducestwotypesofelectrons,negativelyand

positivelychargedelectronsinthesemiconductors.Negativelycharged(-)electronsgatheraroundthe

N-typesemiconductorwhilepositivelycharged(+)electronsgatheraroundtheP-typesemiconductor.

Whenyouconnectloadssuchasalightbulb,electriccurrentflowsbetweenthetwoelectrodes.a solar

panelworks byallowingphotons,orparticlesoflight,toknockelectronsfreefrom atoms,generatinga

flow of electricity. Solar panels actually comprise many, smaller units called photovoltaic

cells. Photovoltaic(PV)solarpanels aremadeupofmanysolarcells.Solarcellsaremadeofsilicon,

likesemiconductors.Theyareconstructedwithapositivelayerandanegativelayer,whichtogether

createanelectricfield,justlikeinabattery

APVmoduleisanassemblyofphoto-voltaiccellsmountedinaframeworkforinstallation.

Photo-voltaiccellsuse sunlightasasourceofenergyandgeneratedirectcurrent electricity.A

collectionofPVmodulesiscalledaPVPanel,andasystem ofPanelsisanArray.Arraysof

a photovoltaicsystem supply solarsolarelectricitytoelectricalequipment.

Photovoltaic modulesuselightenergy(photons)from theSuntogenerateelectricitythrough

the photovoltaic effect.Mostmodules use wafer-based crystalline silicon cells or thin-film

cells.Thestructural(loadcarrying)memberofamodulecanbeeitherthetoplayerortheback

layer.Cellsmustbeprotectedfrom mechanicaldamageandmoisture.Mostmodulesarerigid,

butsemi-flexibleonesbasedonthin-film cellsarealsoavailable.Thecellsareconnected

electricallyinseries,onetoanothertoadesiredvoltage,andtheninparalleltoincrease

amperage.ThewattageofthemoduleisthemathematicalproductofthePV junctionbox is

attached to thebackofthesolarpaneland functionsasitsoutputinterface.External
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connections for most photovoltaic modules use MC4 connectors to facilitate easy

weatherproofconnectionstotherestofthesystem.AUSBpowerinterfacecanalsobeused.

Moduleelectricalconnectionsaremade inseries toachieveadesiredoutputvoltageor in

parallel toprovideadesiredcurrentcapability(amperes)ofthesolarpanelorthePVsystem.

Theconducting wiresthattakethecurrentoffthemodulesaresized according to the

ampacityandmaycontainsilver,copperorothernon-magneticconductivetransitionmetals.

Bypass diodes maybeincorporatedorusedexternally,incaseofpartialmoduleshading,to

maximizetheoutputofmodulesectionsstillilluminated.

SomespecialsolarPVmodulesinclude concentratorsinwhichlightisfocusedby lensesor

mirrorsontosmallercells.Thisenablestheuseofcellswithahighcostperunitarea(such

as gallium arsenide)inacost-effectiveway.

Solarpanelsalsousemetalframesconsistingofrackingcomponents,brackets,reflector

shapes,andtroughstobettersupportthepanelstructure.

Theratingsofthesolarpanelusedinthisprogectareinthefollowingimage:

Solarenergywhichisacombinationoflightandheatisproducedbysun.Thisenergymoves

from sunandreachestheearthwherehumancollectsitthroughsolarcollectorsandconvertit

intoanydesirableform ofenergy.Accordingtoanassumptionthisrenewablesourceof

energyispowerfulenoughtoreplacetheneedofelectricitythatwegetfrom 650barrelsofoil

peryear.

SomeofApplicationsofsolarenery

1.Powerplants:Inconventionalpowerplantsnon-renewableenergysourcesareusedtoboil

waterand

form stream sothatturbinescanrotateandwatertoproduceelectricity.Butwithapplication

ofsolarenergyheatofsuncanboilthatwatertocreatesteam androtateturbines.Toconvert

sunlight into electricity solar panels, photoelectric technologies and thermoelectric

technologiesetcareused.

2.Homes:Useofsolarenergyisincreasinginhomesaswell.Residentialappliancescaneasily
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useelectricitygeneratedthroughsolarpower.Besidesthissolarenergyisrunningsolarheater

tosupplyhotwaterinhomes.Throughphotovoltaiccellinstalledontheroofofthehouse

energyiscapturedandstoredonbatteriestousethroughoutthedayathomesfordifferent

purposes.Inthiswaysexpenditureonenergyiscuttingdownbyhomeusers.

3.Commercialuse:onroofsofdifferentbuildingswecanfindglassPVmodulesoranyother

kindofsolarpanel.Thesepanelsareusedtheretosupplyelectricitytodifferentofficesor

otherpartsofbuildinginareliablemanner.Thesepanelscollectsolarenergyfrom sun,

convertitintoelectricityandallow officestousetheirownelectricalpowerfordifferent

purposes.

4.Ventilationsystem:atmanyplacessolarenergyisusedforventilationpurposes.Ithelpsin

runningbathfans,floorfans,andceilingfansinbuildings.Fansrunalmosteverytimeina

buildingtocontrolmoisture,andsmellandinhomestotakeheatoutofthekitchen.Itcanadd

heavyamountontheutilitybills,tocutdownthesebillssolarenergyisusedforventilation

purposes.

5.Powerpump:solarpowernotjusthelpinimprovingventilationsystem atyourhomesbut

withthatitcanalsohelpincirculatingwaterinanybuilding.Youcanconnect6-powerpump

withsolarpowersupplyunitbutyoumustrunitonDC currentsothatwatercirculate

throughoutyourhome.

6.Swimmingpools:swimmingpoolsaregreatjoyforkidsandadultsinallseasons.Butduring

wintersitistoughtokeepwaterhotinthesepoolswithminimum powerusage.Solarenergy

canhelpmanyinthismatteraswell.Youcanaddasolarblanketinthepoolthatwillkeepthe

waterhotwithenergygeneratedfrom sunlight.Besidesthisyoucaninstallasolarhotwater

heatingsystem withsolarhotwaterheatingpanels.

7.SolarLighting:theselightsarealsoknownasdaylighting,andworkwithhelpofsolarpower.

These

lightsstorenaturalenergyofsunindaytimeandthenconvertthisenergyintoelectricityto

lightupinnighttime.Useofthissystem isreducingloadform localpowerplants.

8.SolarCars:itisanelectricalvehiclewhichisrechargedform solarenergyorsunlight.Solar

panelsareusedonthiscarthatabsorblightandthenconvertitintoelectricalenergy.This
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electricalenergyisstoredinbatteriesusedwiththecar,sothatinnighttimeaswellwecan

drivethesevehicles.

9.Remoteapplications:Remotebuildingsaretakingbenefitofsolarenergyatvastscale.

Remoteschools,

communityhalls,andclinicscantakesolarpanelandbatterieswiththem anywheretoproduce

anduse

electricpower.Next-generationsolarcellscouldbeinfinitelymosreusefulthankstoanewly

discoverednanotubestructurecapableoftransportingelectricalcharges100milliontimes

higherthanpreviouslymeasured.Mostsolarcellscurrentlyusesilicontoabsorblight,however

inefficienciesinthematerialhaveledscientiststodevelopcarbonnanotubesthatcanbe

implementedtoenhancethelightabsorptioncapabilitiesofcurrentcells.However,untilnow

thenanotubeshavebeenrandomlyplacedwithinthesolarcellsinsuboptimalstructuresas

theyaredifficulttoarrange.Anew generationofsolarpanelsmadefrom amineralcalled

perovskitehasthepotentialtoconvertsolarenergyintohouseholdelectricitymorecheaply

thaneverbefore,accordingtoastudyfrom Briain'sExeterUniversity.Super-thin,custom-

coloredpanelsattachedtoabuilding'swindowsmaybecomea"holygrail"forIndiaand

Africancountries,SenthilarasuSundaram,oneoftheauthorsofthestudy,toldtheThomson

ReutersFoundation.Inthosecountriesthesetypesofmaterialwillbelikeaholygrail:heycan

bothshadewindowsandatthesametimeproduceWithathicknessmeasuredinbillionthsof

ameter,

TypesofSolarCellsandApplication

solarpanelsmadeofperovskitewillbemorethan40percentcheaperand50percentmore

efficientthanthosecommerciallyproducedtoday.Unlikeothersolarpanels,thosemadeof

perovskitecanabsorbmostofthesolarspectrum andworkinvariousatmosphericconditions,

ratherthanonlyindirectsunlight."Thistypeofmaterialforsolarcellsworksindiffused

conditionsmuch,muchbetterthantheothertypesofsolarcells,"saidSundaram."Itwon'tbe

100percent,butitwillbemuchmorethanwhatwehavenow."Researchershavealready

testedthematerialintheAmericas,Asia,EuropeandtheMiddleEast.Currentcommercial

productsusedtogeneratesolarpower,suchassiliconorthin-film basedtechnologies,are

expensivebecausetheyareprocessedusingvacuum-basedtechniques,theExeterstudysaid.
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Theproductionprocessforperovskitepanelsisverystraightforward,butresearchersstillhave

totestthematerialunderdifferentconditionstobetterunderstanditsproperties,before

companiesembarkonindustrial-scaleproduction,itsaid.Thephotovoltaic(PV)energymarket

hasbeengrowingbecauseofgovernmenttargetsforrenewableenergyproductionandCO2

emissioncontrols,andtheInternationalEnergyAgencyhassaidthatsolarenergycouldbethe

world'sbiggestsourceofelectricityby2050.

3.1.1Specificationsofthesolarpanel:

Ratedpeakpower(pmax) 25W

Ratedvoltage(Vpm) 17V

Ratedcurrent(Ipm) 1.37A

Openciruitvoltage(Vsc) 21V
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Shortciruitcurrent(Isc) 1.42A

Fuseratings NA

Applicationclass ClassA

3.2LEADACIDBATTERY:

Solarcellmoduleproduceselectricityonlywhenthesunisshining.Theydonotstoreenergy.It

isnecessarytostoresomeoftheenergyproduced.Themostobvioussolutionistouse

batteries.

Fig3.2:Leadacidbattery

Storagebatteryisdeviceinwhichelectricalenergyisstoredintheform ofchemicalenergy.Solarcell

moduledonotstoreenergy.Itisnecessarytostoresomeoftheenergyproduced.Hencemostobvious

solutionistousebatteries.Thebatteriesareusedasastoragedeviceforsolarenergywhichcanbe

furtherconvertedintoelectricalenergy.Batteriesareusedforstoragepurpose.Since boththephoto-

voltaicsystem andbatterieBatteriesconvertchemicalenergydirectlytoelectricalenergy.Abattery

consistsofsomenumberofvoltaiccells.Thesevoltaiccellsconsistofcertainchemicalcompositions

wherethechemicalreactionstakesplaces.Each cellconsistsoftwo halfcellsconneted bya

conductiveelectrolytecontaininganionsandcations.Onehalf-cellincludeselectrolyteandthenegative

electrode,theelectrodetowhichanions(negativelychargedions)migrate;theotherhalf-cellincludes

electrolyte and the positive electrode to which cations(positivelycharged ions)migrate.Redox

reactionspowerthebattery.Cationsarereduced(electronsareadded)atthecathodeduringcharging,

whileanionsareoxidized(electronsareremoved)attheanodeduringcharging.Duringdischarge,the
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processisreversed.Theelectrodesdonottoucheachother,butareelectricallyconnectedbythe

electrolyte

Thebatterywhichusesspongeleadandleadperoxidefortheconversionofthechemicalenergy

intoelectricalpower,suchtypeofbatteryiscalledaleadacidbattery.Theleadacidbatteryismost

commonlyusedinthepowerstationsandsubstationsbecauseithashighercellvoltageandlowercost.

Thebatterycontainsthecontainerandtheplatesarethemainpartoftheleadacidbattery.The

containerstoreschemicalenergywhichisconvertedintoelectricalenergybythehelp oftheplates.

 Thecontaineroftheleadacidbatteryismadeofglass,leadlinedwood,ebonite,thehardrubberof

bituminouscompound,ceramicmaterialsormouldedplasticsandareseatedatthetoptoavoidthe

dischargeofelectrolyte.Atthebottom ofthecontainer,therearefourribs,ontwoofthem restthe

positiveplateandtheotherssupportthenegativeplates.

Theplateofthelead-acidcellisofdiversedesignandtheyallconsistsomeform ofagridwhichis

madeupof

leadandtheactivematerial.Thegridisessentialforconductingthe electriccurrent andfordistributing

thecurrent

equallyontheactivematerial.Ifthecurrentisnotuniformlydistributed,thentheactivematerialwill

loosenandfallout.

Leadacidbatteriesarethemostcommonlarge-capacityrechargeablebatteries.Theyarevery

popularbecausetheyaredependableandinexpensiveonacost-per-wattbase.Therearefew other

batteriesthatdeliverbulkpowerascheaplyasleadacid,andthismakesthebatterycost-effectivefor

automobiles,electricalvehicles,forklifts,marineanduninterruptiblepowersupplies

Leadacidbatteriesareheavyandlessdurablethannickel(Ni)andlithium (Li)basedsystemswhen

deepcycledordischarged(usingmostoftheircapacity).Leadacidbatterieshaveamoderatelifespan

andthechargeretentionisbestamongrechargeablebatteries.Theleadacidbatteryworkswellatcold

temperaturesandissuperiortolithium-ionwhenoperatinginsub-zeroconditions.

3.2.1.SpecificationsofBattery:

NormalVoltage 12V

Ratedcapacity 4.2HP
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3.3DCMOTOR:

Fig3.3:DCmotor

Itistherotaryelectricalmachinethatconvertsdirectcurrentelectricalenergyintomechanicalenergy.

BrushlessDCelectricmotoralsoknownaselectronicallycommutatedmotorsaresynchronousmotors

poweredbyDCelectricityviaaninverter/switchingpowersupplywhichproducesanAC/bi-directional

electriccurrenttodriveeachphaseofthemotorviaaclosedloopcontroller,Whenacurrentcarrying

conductorisplacedinamagneticfield,itexperiencesatorqueandhasatendencytomove.Inother

words,whenamagneticfieldandanelectricfieldinteract,amechanicalforceisproduced.TheDC

motorordirectcurrentmotorworksonthatprincipal.Thisisknownasmotoringaction.

PrincipleofoperationofaDCmotor:

InaDCmotor:

•FieldpolesaresuppliedbyDCexcitationcurrent,whichproducesaDCmagneticfield.

•Armaturewinding(conductor)issuppliedbydccurrentthroughthebrushes,andcommutator.

According to theLorentsforceequation,acurrent-carrying conductorwhen placed in a

magneticfieldexperiencesaforcethattendtomoveit.

AlltheconductorsplacedontheperipheryofaDCmotoraresubjectedtotheseforces.These
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forcescausethearmaturetorotateintheclockwisedirection.Therefore,thearmatureofaDC

motorrotatesinthedirectionofthetorquedevelopedbythemotor

InthepresentedideaforgrasscuttermodelweusedDCmotorinterfacedwithbladesforcuttinggrass

whenoperated.Adcmotoruseselectricalenergytoproducemechanicalenergy,verytypicallythrough

the interaction ofmagneticfieldsand current-carrying conductors.The inputofa DC motoris

current/voltageanditsoutputistorque(speed).DCmotorhasmanynovellinearandrotarymotorsand

atleastoneself-poweringmagneticrotarydevice DC motorisabidirectional“twoparticle”theoryof

magneticfluxshowingtheinternalbidirectionalenergyflowsinallpotentialsandfields.Themotor

utilizes controlled spin-waves and self-initiated precise exchange forces,which are known to

momentarilyproduceburstsofverystrongforcefields.Inshort,themotorusedtoproduceprecisely

locatedanddirectedsuddenmagneticforces,usingselfinitiatednonlinearmagneticphenomena

DCmotorswerethefirstform ofmotorwidelyused,astheycouldbepoweredfrom existingdirect-

currentlightingpowerdistributionsystems.ADCmotor'sspeedcanbecontrolledoverawiderange,

usingeitheravariablesupplyvoltageorbychangingthestrengthofcurrentinitsfieldwindings.Small

DCmotorsareusedintools,toys,andappliances.The universalmotorcanoperateondirectcurrent

butisalightweight brushed motorusedforportablepowertoolsandappliances.LargerDCmotorsare

currentlyusedinpropulsionofelectricvehicles,elevatorandhoists,andindrivesforsteelrollingmills.

TheadventofpowerelectronicshasmadereplacementofDCmotorswith ACmotorspossibleinmany

applications.

DCmotorhasastationarysetofmagnetsinthe concentratesthemagneticfield.Thewindings

usuallyhavemultipleturnsaroundthecore,andinlargemotorstherecanbeseveralparallelcurrent

paths.Theendsofthewirewindingareconnectedtoa commutator.Thecommutatorallowseach

armaturecoiltobeenergizedinturnandconnectstherotatingcoilswiththeexternalpowersupply

througstator andan armature withoneormorewindingsofinsulatedwirewrappedaroundasoftiron

corethatchbrushes.

Theseries-woundDCmotordevelopsitshighesttorqueatlow speed,itisoftenusedintraction

applications such as electric locomotives,and trams.The DC motor was the mainstay of

electric tractiondrives onbothelectricand diesel-electriclocomotives,street-cars/tramsanddiesel

electricdrillingrigsformanyyears.Theintroduction

.

ofDCmotorsandan electricalgrid system torunmachinerystartinginthe1870sstartedanew second
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Revolution

DCmotorscanoperatedirectlyfrom rechargeablebatteries,providingthemotivepowerforthefirst

electricvehiclesandtoday's hybridcars and electriccars aswellasdrivingahostof cordless tools.

TodayDCmotorsarestillfoundinapplicationsassmallastoysanddiskdrives,orinlargesizesto

operatesteelrollingmillsandpapermachines.LargeDCmotorswithseparatelyexcitedfieldswere

generallyusedwithwinderdrivesfor minehoists,forhightorqueaswellassmoothspeedcontrol

usingthyristordrives.ThesearenowreplacedwithlargeACmotorswithvariablefrequencydrives.

IfexternalmechanicalpowerisappliedtoaDCmotoritactsasaDCgenerator,a dynamo.This

featureisusedtoslowdownandrechargebatteriesonhybridandelectriccarsortoreturnelectricity

backtotheelectricgridusedonastreetcarorelectricpoweredtrainlinewhentheyslowdown.This

processiscalled regenerativebraking onhybridandelectriccars.Indieselelectriclocomotivesthey

alsousetheirDCmotorsasgeneratorstoslowdownbutdissipatetheenergyinresistorstacks.Newer

designsareaddinglargebatterypackstorecapturesomeofthisenergy.

FeaturesofDCMotors:

1-MostoftheelectricalmachinesinserviceareACtypes.

2-DCmachineareofconsiderableindustrialimportance.

3-DCmachinemainlyusedasDCmotorsandtheDCgeneratorsarerarelyused.

4-DCmotorsprovidesafinecontrolofthespeedwhichcannotbeattainedbyACmotors.

5-DCmotorscandevelopratedtorqueatallspeedsfrom standstilltoratedspeed.

6-DevelopedtorqueatstandstillismanytimesgreaterthanthetorquedevelopedbyanAC

motorofequalpowerandspeedrating.

ApplicationofDCMachines:

TheDCmachinecanoperateaseitheramotororagenerator;atpresentitsuseasagenerator

islimitedbecauseofthewidespreaduseofacpower.

LargeDCmotorsareusedinmachinetools,printingpresses,fans,pumps,cranes,papermill,

traction,textilemillsandsoforth.

SmallDCmachines(fractionalhorsepowerrating)areusedprimarilyascontroldevice-such
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astachogeneratorsforspeedsensingandservomotorsforpositionandtracking,andusedin

Robots.

AdvantagesofDCMachines:

•Highstartingtorque

•Rapidaccelerationanddeceleration.

•Speedcanbeeasilycontrolledoverwidespeedrange.

•Usedintoughgobs(tractionmotors,electrictrains,electriccars,....)

•Builtinwiderangeofsizes.

DisadvantagesofDCMachines:

•Needsregularmaintenance

•Cannotbeusedinexplosivearea.

•Highcost.

3.3.1.Specificationsofmotor:

Ratedvoltage 12V

Noloadcurrent 0.2A

Noloadpowerconsumption 2.4W

Maximum current 1.2A

Maximum powerconsumption 15W

Speed 1000rpm

3.4SOLARCHARGECONTROLLER:
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Thetechnologyforsolarphotovoltaicbatterychargecontrollershasadvanceddramatically
overthepastfiveyears.Themostexcitingnewtechnology,PWM charging,hasbecomevery
popular.

Fig3.4:Solarchargecontroller

SolarChargeControllerTypes,FunctionalityandApplications:

Asolarchargecontrollerisfundamentallyavoltageorcurrentcontrollertochargethebattery

andkeepelectriccellsfrom overcharging.Itdirectsthevoltageandcurrenthailingfrom the

solarpanelssettingofftotheelectriccell.Generally,12Vboards/panelsputoutintheballpark

of16to20V,soifthereisnoregulationtheelectriccellswilldamagedfrom overcharging.

Generally,electricstoragedevicesrequirearound14to14.5Vtogetcompletelycharged.The

solarchargecontrollersareavailableinallfeatures,costsandsizes.Therangeofcharge

controllersarefrom 4.5Aandupto60to80A.

TypesofSolarChargerController:

Therearethreedifferenttypesofsolarchargecontrollers,theyare:

1.Simple1or2stagecontrols
2.PWM (pulsewidthmodulated)
3.Maximum powerpointtracking(MPPT)

Simple1or2Controls: Ithasshunttransistorstocontrolthevoltageinoneortwosteps.

Thiscontrollerbasicallyjustshortsthesolarpanelwhenacertainvoltageisarrivedat.Their

maingenuinefuelforkeepingsuchanotoriousreputationistheirunwaveringquality–they

havesonotmanysegments,thereisverylittletobreak.
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PWM (PulseWidthModulated): Thisisthetraditionaltypechargecontroller,forinstance

anthrax,BlueSkyandsoon.Theseareessentiallytheindustrystandardnow.

Maximum powerpointtracking (MPPT): The MPPT solarcharge controlleris the

sparklingstaroftoday’ssolarsystems.Thesecontrollerstrulyidentifythebestworking

voltageandamperageofthesolarpanelexhibitandmatchthatwiththeelectriccellbank.The

outcomeisextra10-30%morepoweroutofyoursunorientedclusterversusaPWM controller.

Itisusuallyworththespeculationforanysolarelectricsystemsover200watts.

FeaturesofSolarChargeController:

 Protectsthebattery(12V)from overcharging
 Reducessystem maintenanceandincreasesbatterylifetime
 Autochargedindication
 Reliabilityishigh
 10ampto40ampofchargingcurrent
 Monitorsthereversecurrentflow
FunctionofSolarChargeController:

Themostessentialchargecontrollerbasicallycontrolsthedevicevoltageandopensthe

circuit,haltingthecharging,whenthebatteryvoltageascentstoacertainlevel.Morecharge

controllersutilizedamechanicalrelaytoopenorshutthecircuit,haltingorbeginningpower

headingofftotheelectricstoragedevices.

Generallysolarpowersystemsutilize12Vofbatteries.Solarpanelscanconveymuchmore

voltagethanisobligedtochargethebattery.Thechargevoltagecouldbekeptatabestlevel

whilethetimeneededtocompletelychargetheelectricstoragedevicesislessened.This

permitsthesolarsystemstoworkoptimallyconstantly.Byrunninghighervoltageinthewires

from thesolarpanelstothechargecontroller,powerdissipationinthewiresisdiminished

fundamentally.

Thesolarchargecontrollerscanalsocontrolthereversepowerflow.Thechargecontrollers

candistinguishwhennopowerisoriginatingfrom thesolarpanelsandopenthecircuit

separatingthesolarpanelsfrom thebatterydevicesandhaltingthereversecurrentflow.
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SolarChargeController

Applications:

Inrecentdays,theprocessofgeneratingelectricityfrom sunlightishavingmorepopularity

thanotheralternativesourcesandthephotovoltaicpanelsareabsolutelypollutionfreeand

theydon’trequirehighmaintenance.Thefollowingaresomeexampleswheresolarenergyis

utilizing.

 StreetlightsusephotovoltaiccellstoconvertsunlightintoDCelectriccharge.Thissystem
usessolarchargecontrollertostoreDCinthebatteriesandusesinmanyareas.

 HomesystemsusePVmoduleforhouse-holdapplications.
 Hybridsolarsystem usesformultipleenergysourcesforprovidingfulltimebackupsupply

toothersources.
ExampleofSolarChargeController:

From thebelowexample,inthisasolarpanelisusedtochargeabattery.Asetofoperational

amplifiersareusedtomonitorpanelvoltageandloadcurrentcontinuously.Ifthebatteryis

fullycharged,anindicationwillbeprovidedbyagreenLED.Toindicateundercharging,over

loading,anddeepdischargeconditionasetofLEDsareused.AMOSFETisusedasapower

semiconductorswitchbythesolarchargecontrollertoensurethecutoffloadinlowcondition

oroverloadingcondition.Thesolarenergyisbypassedusingatransistortoadummyload

whenthebatterygetsfullcharging.Thiswillprotectthebatteryfrom overcharging.

Thisunitperforms4majorfunctions:

 Chargesthebattery.
 Givesanindicationwhenbatteryisfullycharged.
 Monitorsthebatteryvoltageandwhenitisminimum,cutsoffthesupplytotheloadswitch

toremovetheloadconnection.
 Incaseofoverload,theloadswitchisinoffconditionensuringtheloadiscutofffrom the

batterysupply.

Asolarpanelisacollectionofsolarcells.Thesolarpanelconvertsthesolarenergyinto

electricalenergy.ThesolarpanelusesOhmicmaterialforinterconnectionsaswellasthe

externalterminals.So the electrons created in the n-type materialpasses through the

electrodetothewireconnectedtothebattery.Throughthebattery,theelectronsreachthep-

typematerial.Heretheelectronscombinewiththeholes.Whenthesolarpanelisconnectedto
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thebattery,itbehaveslikeotherbattery,andboththesystemsareinseriesjustliketwo

batteriesconnectedserially.Thesolarpanelhastotallyconsistedoffourprocesssteps

overload,undercharge,low batteryanddeepdischargecondition. Theoutfrom thesolar

panelisconnectedtotheswitchandfrom theretheoutputisfedtothebattery.Andsetting

from thereitgoestotheloadswitchandfinallyattheoutputload.Thissystem consistsof4

differentparts-overvoltage indication and detection,overcharge detection,overcharge

indication,lowbatteryindicationanddetection.Incaseoftheovercharge,thepowerfrom the

solarpanelisbypassedthroughadiodetotheMOSFETswitch.Incaseoflow charge,the

supplytoMOSFETswitchiscutofftomakeitinoffconditionandthusswitchoffthepower

supplytotheload.

ImportanceofPWM?

Chargingabatterywithasolarsystem isauniqueanddifficultchallenge.Inthe“olddays,”

simpleon-offregulatorswereusedtolimitbatteryoutgassingwhenasolarpanelproduced

excessenergy.However,assolarsystemsmatureditbecameclearhow muchthesesimple

devicesinterferedwiththechargingprocess.Thehistoryforon-offregulatorshasbeenearly

batteryfailures,increasingloaddisconnects,andgrowinguserdissatisfaction.PWM has

recentlysurfacedasthefirstsignificantadvanceinsolarbatterycharging.PWM solarchargers

usetechnologysimilartoothermodernhighqualitybatterychargers.Whenabatteryvoltage

reachestheregulationsetpoint,thePWM algorithm slowlyreducesthechargingcurrentto

avoidheatingandgassingofthebattery,yetthechargingcontinuestoreturnthemaximum

amountofenergytothebatteryintheshortesttime.Theresultisahigherchargingefficiency,

rapidrecharging,andahealthybatteryatfullcapacity.Inaddition,thisnew methodofsolar

batterychargingpromisessomeveryinterestinganduniquebenefitsfrom thePWM pulsing.

Theseinclude:

1.Abilitytorecoverlostbatterycapacityanddesulfateabattery.

2.Dramaticallyincreasethechargeacceptanceofthebattery.
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3.Maintainhighaveragebatterycapacities(90%to95%)comparedtoon-offregulatedstate-of
-chargelevelsthataretypically55%to60%.

4.Equalizedriftingbatterycells.

5.Reducebatteryheatingandgassing.

6.Automaticallyadjustforbatteryaging.

7.Self-regulateforvoltagedropsandtemperatureeffectsinsolarsystems.

BenifitsofPWM solarchargecontroller:

1.Abilitytorecoverlostbatterycapacity:

AccordingtotheBatteryCouncilInternational,84%ofallleadacid-batteryfailuresaredueto

sulfation.Sulfationisevenmoreofaproblem insolarsystems,since“opportunitycharging”

differssignificantlyfrom traditionalbatterycharging.Theextendedperiodsofundercharging

commontosolarsystemscausesgridcorrosion,andthebattery’spositiveplatesbecome

coatedwithsulfatecrystals.Morningstar’sPWM pulsechargingcandetertheformationof

sulfatedeposits,helpovercometheresistivebarrieronthesurfaceofthegrids,andpunch

through thecorrosion attheinterface.In addition to improving chargeacceptanceand

efficiency,thereisstrongevidencethatthisparticularchargingcanrecovercapacitythathas

been“lost”inasolarbatteryovertime.Someresearchresultsaresummarizedhere.A1994

paperbyCSIRO,aleadingbatteryresearchgroupinAustralia(reference1),notesthatpulsed-

currentcharging(similartoMorningstarcontrollers)“hastheabilitytorecoverthecapacityof

cycledcells.”Thesulphatecrystallizationprocessisslowed,andtheinnercorrosionlayer

becomesthinnerandisdividedintoislands.Theelectricalresistanceisreducedandcapacity

isimproved.Thepaper’sconclusionisthatpulsechargingacycledbattery“canevokea

recoveryinbatterycapacity.”Anotherpaper,aSandiaNationalLabsstudyin1996(reference2,

attached),summarizestestingofaVRLAbatterythathad“permanently”lostover20%ofits

capacity.Conventionalconstantvoltagechargingcouldnotrecoverthelostcapacity.Thenthe

batterywaschargedwithaMorningstarSunSavercontroller,and“muchofthebatterycapacity
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hasbeenrecovered.”Finally,Morningstarhasbeentestingforcapacityrecovery.Anattached

graph(reference3,attached)showshowabatterythatwas“dead”recoveredmuchofitslost

capacityafterextendedchargingwithaSunLightcontroller.Afterthetestwasset-up,for30

daysthesolarlightingsystem producedvirtuallynolightingsincethesystem wentdirectlyinto

LVDeachnight.Thebatterywasveryoldandabouttoberecycled.Then,theloadbeganto

turnonlongereachnightasshownonthegraph.Forthenext3monthsthebatterycapacity

steadilyincreased.ThistestandothercapacityrecoverytestsareongoingatMorningstar.

2.Increasebatterychargeacceptance:

Chargeacceptanceisaterm oftenusedtodescribetheefficiencyofrechargingthebattery.

Sincesolarbatteriesareconstantlyrechargingwithalimitedenergysource(e.g.opportunity

chargingwithavailablesunlight),ahighchargeacceptanceiscriticalforrequiredbattery

reservecapacityandsystem performance.SolarPVsystemshaveahistoryofproblemsdueto

poorbatterychargeacceptance.Forexample,astudyoffourNationalForestServicelighting

systems(reference4)using on-offshuntcontrollersclearlydemonstrated theproblems

causedbylowchargeacceptance.Thebatteriesremainedatlowchargestatesandwentinto

LVD everynight,butthebatterytypicallyacceptedonlyaboutone-halftheavailablesolar

energythenextdayduringcharging.Onesystem onlyaccepted10%oftheenergyavailable

from thearraybetween11:00AM and3:00PM!Afterextensivestudy,itwasdeterminedthat

“theproblem isincontrolstrategy,notinthebattery.”Further,“thebatterywascapableof

acceptingthatcharge,butitwasn’tbeingcharged.”Laterasystem “similarinallrespects”

exceptusingaconstantvoltagechargecontrollerwasstudied.Inthiscase,the“batteryis

beingmaintainedinanexcellentstateofcharge.”AlaterstudyspecifictoMorningstar’sPWM

constantvoltage charging bySandia (reference 2,attached)found thatthe SunSaver’s

“increasedchargeacceptanceisduetothePWM chargealgorithm.”Testsshowedthatthe

SunSaverprovided2to8%moreoverchargecomparedtoaconventionalDCconstantvoltage

charger.AnumberoftestsandstudieshavedemonstratedthatMorningstar’sPWM algorithm

provides superiorbattery charge acceptance.An attachedgraph (reference 5,attached)

comparestherechargingabilityofaMorningstarSunSaverPWM controllerwithaleadingon-

offregulator.This study,done byMorningstar,is a side-by-side testwith identicaltest
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conditions.ThePWM controllerput20% to30% moreoftheenergygeneratedbythesolar

arrayintothebatterythantheon-offregulator.

3.Maintainhighaveragebatterycapacities:

Ahighbatterystate-of-charge(SOC)isimportantforbatteryhealthandformaintainingthe

reservestoragecapacitysocriticalforsolarsystem reliability.AnFSECTestReport(reference

6)notedthat“thelifeofalead-acidbatteryisproportionaltotheaveragestate-of-charge,”and

thatabatterymaintainedabove90%SOC“canprovidetwoorthreetimesmore

charge/dischargecyclesthanabatteryallowedtoreach50%SOCbeforerecharging.”However,

asnotedintheprevioussection,manysolarcontrollersinterferewiththerechargingofthe

battery.TheFSECstudynotedattheendofthereportthatthe“mostsignificantconclusionis

thatsomecontrollersdidnotmaintainthebatterySOCatahighlevel,evenwhenloadswere

disconnected.”Inaddition,acomprehensive23monthstudyofSOCfactorswasreportedby

Sandiain1994(reference7,page940,attached).Itwaslearnedthattheregulationsetpoint

haslittleeffectonlong-term SOClevels,butthereconnectvoltageisstronglycorrelatedto

SOC.Fiveon-offregulatorsandtwoquasiconstantvoltageregulatorsweretested

(Morningstarcontrollerswerenotdevelopedwhenthisteststarted).AsummaryoftheSOC

resultsfollows:

•3on-offregulatorswithtypicalhysteresisaveragedbetween55%and60%SOCoverthe23

monthperiod

•2on-offregulatorswithtighterhysteresis(riskingglobalinstability)averagedabout70%SOC

•the2“constantvoltage”controllerswithhysteresisof0.3and0.1voltsaveragedcloseto

90%SOC(notethatMorningstarcontrollershavea“hysteresis”ofabout0.020volts)Sandia

concludedthatthenumberoftimesasystem cyclesoffandonduringadayinregulationhas

amuchstrongerimpactonbatterystate-of-chargethanotherfactorswithinanyonecycle.

Morningstar’sPWM will“cycle”inregulation300timespersecond.Itwouldbeexpectedthat

batterieschargedwithMorningstar’sPWM algorithm willmaintainaveryhighaveragebattery

state-of-chargeinatypicalsolarsystem.Inadditiontoprovidingagreaterreservecapacityfor

thesystem,thelifeofthebatterywillbesignificantlyincreasedaccordingtomanyreportsand

studies.
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4.EqualizedriftingbatterycellsIndividualbatterycellsmayincreasinglyvaryincharge

resistanceovertime.Anunevenacceptanceofchargecanleadtosignificantcapacity

deteriorationinweakercells.Equalizationisaprocesstoovercomesuchunbalancedcells.

TheincreasedchargeacceptanceandcapacityrecoverycapabilitiesofPWM pulsecharging

willalsooccuratlowerchargingvoltages.Morningstar’sPWM pulsechargingwillholdthe

individualbatterycellsinbetterbalancewhereequalizationchargesarenotpracticalinasolar

system.Moretestingwillbedonetostudythepotentialbenefitsisthisarea.

5.Reducebatteryheatingandgassing:

Clearlybatteryheating/gassingandchargeefficiencygohandinhand.Areductionintransient

gassingisacharacteristicofpulsecharging.PWM willcompletetherechargingjobmore

quicklyandmoreefficiently,therebyminimizingheatingandgassing.Theionictransportinthe

batteryelectrolyteismoreefficientwithPWM.Afterachargepulse,someareasattheplates

becomenearlydepletedofions,whereasotherareasareatasurplus.Duringtheoff-time

betweenchargepulses,theionicdiffusioncontinuestoequalizetheconcentrationforthenext

chargepulse.

Inaddition,becausethepulseissoshort,thereislesstimeforagasbubbletobuildup.The

gassingisevenlesslikelytooccurwiththedownpulse,sincethispulseapparentlyhelpsto

breakuptheprecursortoagasbubblewhichislikelyaclusterofions.

6.Automaticallyadjustforbatteryaging:

Asbatteriescycleandgetolder,theybecomemoreresistanttorecharging.Thisisprimarily

duetothesulfatecrystalsthatmaketheplateslessconductiveandslowtheelectro-chemical

conversion.However,agedoesnotaffectPWM constantvoltagecharging.

ThePWM constantvoltagechargingwillalwaysadjustinregulationtothebattery’sneeds.The

batterywilloptimizethecurrenttaperingaccordingtoitsinternalresistance,rechargingneeds,

andage.TheonlyneteffectofagewithPWM chargingisthatgassingmaybeginearlier.

7.Self-regulateforvoltagedrops:

andtemperatureeffectsWithPWM constantvoltagecharging,thecriticalfinishingchargewill

taperpertheequationI=Ae-t.Thisprovidesaself-regulatingfinalchargethatfollowsthe
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generalshapeofthisequation.Assuch,externalsystem factorssuchasvoltagedropsinthe

system wireswillnotdistortthecriticalfinalchargingstage.Thevoltagedropwithtapered

chargingcurrentwillbesmallfractionsofavolt.Incontrast,anon-offregulatorwillturnonfull

currentwiththefullvoltagedropthroughouttherechargingcycle(onereasonfortheverypoor

chargeefficiencycommontoon-offregulators).BecauseMorningstarcontrollersareallseries

designs,theFETswitchesaremostlyoffduringthefinalchargingstages.Thisminimizes

heatingeffectsfrom thecontroller,suchaswhentheyareplacedinsideenclosures.In

contrast,theshuntdesignswillreachmaximum heatinginthefinalchargingstagesincethe

shuntFETsareswitchingalmostfullyon.Insummary,thePWM constantvoltageseries

chargecontrollerwillprovidetherechargingcurrentaccordingtowhatthebatteryneedsand

takesfrom thecontroller.Thisisincontrasttosimpleonoffregulatorsthatimposean

externalcontroloftherechargingprocesswhichisgenerallynotresponsivetothebattery’s

particularneeds.

ThisPWM solarchargeconrollerhelpsas

Thebenefitsnotedabovearetechnologydriven.ThemoreimportantquestionishowthePWM

technologybenefitsthesolarsystem user.Jumpingfrom a1970’stechnologyintothenew

millennium offers:

•Longerbatterylife:

–reducingthecostsofthesolarsystem

–reducingbatterydisposalproblems

•Morebatteryreservecapacity:

–increasingthereliabilityofthesolarsystem

–reducingloaddisconnects

–Opportunitytoreducebatterysizetolowerthesystem cost

•Greateruseofthesolararrayenergy:

–get20%to30%moreenergyfrom yoursolarpanelsforcharging
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–stopwastingthesolarenergywhenthebatteryisonly50%charged

–Opportunitytoreducethesizeofthesolararraytosavecosts

•Greaterusersatisfaction:

–getmorepowerwhenyouneeditforlessmoney!!

3.4.1SpecificationsforsolarPWM microcontrollerbasedchargecontroller:

InputChargeCurrent(solarchargecurrent) 10AMaximum

OutputCurrentRating 10AMaximum

NominalBatteryVoltage 12/24VDCAutomaticrecognition

NominalPVVoltage 12/24VDCAutomaticrecognition

PVOpencircuitvoltage 21/42VDCMaximum

Standbypowerconsumption(noload) Lessthan5mA

Chargealgorithm StagechargePWM

Boostvoltage 14.5/29(+-2%)at25centigrade
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Equalizingvoltage 14.8/29.6(+-2%)at25centigrade

Floatvoltage 13.7/27.4(+-2%)at25centigrade

LVD(LowerVoltageDisconnect-from Load) 11.0/22.0(+-2%)at25centigrade

LVR(LowerVoltageReconnect-toLoad) 12.2/22.4(+-2%)at25centigrade

HVD(AtthisvoltagePWM Chargingstarts) 14.8/29.6(+-2%)at25centigrade

Specifiedtemperaturerange -20to+50centigrade9

Troubleshootingofsolarchargecontroller:

Thechargecontrollerdoesnotrequireanymaintenanceorservices.Thecontrollerdoes
nothaveanymanualsetpoint.

1.Whenthereisnosupplyattheloadterminalbatterylowledwillglow.

a)Batterylowindicatesthatthebatteryisfullydischargedallowtimetochargethe
batteryloadwillreconnectassoonasbatteryisrecharged.

b) OverloadorSCindicatesremoveexcessload.

2.WhenthechargingLEDisnotglowingi.e.theSPVmodulepolarityiswronglyconnected.
So,thenwehavetocheckthepolarityofsolarmodulesconnectedtochargecontroller.

3.Whenthebatteryisdischargedinshortdurationitindicatesthatbatteryisdamagedto
ageingorlowcapacitywehavetoreplacethebattery.

3.5ON/OFFSWITCH:
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Fig3.5:On/offswitch

 A switch isan electricalcomponent thatcandisconnectorconnecttheconductingpathinan electrical

circuit,interruptingthe electriccurrent ordivertingitfrom oneconductortoanother.[1][2] Themost

common type ofswitch is an electromechanicaldevice consisting ofone ormore sets of

movable electricalcontacts connectedtoexternalcircuits.

Whenapairofcontactsistouchingcurrentcanpassbetweenthem,whilewhenthecontactsare

separatednocurrentcanflow.

Switchesaremadeinmanydifferentconfigurations;theymayhavemultiplesetsofcontacts

controlledbythesameknoboractuator,andthecontactsmayoperatesimultaneously,sequentially,or

alternately.Aswitchmaybeoperatedmanually,forexample,a lightswitch orakeyboardbutton,or

mayfunctionasa sensingelement tosensethepositionofamachinepart,liquidlevel,pressure,or

temperature,suchasa thermostat.Manyspecializedformsexist,suchasthe toggleswitch, rotary

switch, mercuryswitch, pushbuttonswitch, reversingswitch, relay,and circuitbreaker.Acommonuse

iscontroloflighting,wheremultipleswitchesmaybewiredintoonecircuittoallowconvenientcontrol

oflightfixtures.Switches in high-powered circuits musthave specialconstruction to prevent

destructivearcingwhentheyareopened.

A switchmaybedirectlymanipulatedbyahumanasacontrolsignaltoasystem,suchasa

computerkeyboardbutton,ortocontrolpowerflowinacircuit,suchasa lightswitch.Automatically

operatedswitchescanbeusedtocontrolthemotionsofmachines,forexample,toindicatethata
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garagedoorhasreacheditsfullopenpositionorthatamachinetoolisinapositiontoacceptanother

workpiece.Switchesmaybeoperatedbyprocessvariablessuchaspressure,temperature,flow,

current,voltage,andforce,actingas sensors inaprocessandusedtoautomaticallycontrolasystem.

Forexample,a thermostat isatemperature-operatedswitchusedtocontrolaheatingprocess.A

switchthatisoperatedbyanotherelectricalcircuitiscalleda relay.Largeswitchesmayberemotely

operatedbyamotordrivemechanism.Someswitchesareusedtoisolateelectricpowerfrom asystem,

providingavisiblepointofisolationthatcanbepadlockedifnecessarytopreventaccidentaloperation

ofamachineduringmaintenance,ortopreventelectricshock.

Anidealswitchwouldhavenovoltagedropwhenclosed,andwouldhavenolimitson

voltageorcurrentrating.Itwouldhavezero risetime and falltimeduringstatechanges,and

wouldchangestatewithout"bouncing"betweenonandoffpositions.Practicalswitchesfall

shortofthisideal;astheresultofroughnessandoxidefilms,theyexhibit contactresistance,

limitsonthecurrentandvoltagetheycanhandle,finiteswitchingtime,etc.Theidealswitchis

oftenusedincircuitanalysisasitgreatlysimplifiesthesystem ofequationstobesolved,but

thiscanleadtoalessaccuratesolution.Theoreticaltreatmentoftheeffectsofnon-ideal

propertiesisrequiredinthedesignoflargenetworksofswitches

Whenaswitchisdesignedtoswitchsignificantpower,thetransitionalstateoftheswitchaswellas

theabilitytowithstandcontinuousoperatingcurrentsmustbeconsidered.Whenaswitchisintheon

state,itsresistanceisnearzeroandverylittlepowerisdroppedinthecontacts;whenaswitchisinthe

offstate,itsresistanceisextremely

highandevenlesspowerisdroppedinthecontacts.However,whentheswitchisflicked,the

resistancemustpass

throughastatewhereaquarteroftheload'sratedpower[(orworseiftheloadisnotpurelyresistive)is

brieflydroppedintheswitch.

3.6BLADES:
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Fig3.6:Blades

A blade is the portion of a tool, weapon, or machine with an edge that is designed

to puncture, chop, slice or scrape surfacesormaterials.Bladesaretypicallymadefrom materialsthat

areharderthanthosetheyaretobeusedon.Historically,humanshavemadebladesfrom flaking

stonessuch as flint or obsidian,and from variousmetalsuch as copper, bronze and iron.Modern

bladesareoftenmadeof steel or ceramic.Bladesareoneofhumanity'soldesttools,andcontinueto

beusedfor combat, foodpreparation,andotherpurposes.

Ablademaybeusedtoslashorpuncture,andmayalsobethrownor otherwisepropelled.[2][3] The

functionistoseveranerve,muscleortendonfibers,orbloodvesseltodisableorkilltheadversary.

Severingamajorbloodvesseltypicallyleadstodeathdueto exsanguination. Shrapnel causeswounds

viathefragments'blade-likenature.Bladesworkbyconcentratingforceonthecuttingedge.Certain

blades,suchasthoseusedonbreadknivesorsaws,areserrated,furtherconcentratingforceonthe

pointofeachtooth.

Bladesmaybeusedtoscrape,movingtheblade sideways acrossasurface,asinan inkeraser,

ratherthanalongorthroughasurface.Forconstructionequipmentsuchasa grader,theground-

workingimplementisalsoreferredtoastheblade,typicallywithareplaceablecuttingedge.

Asimplebladeintendedforcuttinghastwofacesthatmeetatanedge.Ideallythisedgewouldhaveno

roundnessbutinpracticealledgescanbeseentoberoundedtosomedegreeundermagnification

eitheropticallyorwithanelectronmicroscope.Forceisappliedtotheblade,eitherfrom thehandleor

pressingonthebackoftheblade.Thehandleorbackofthebladehasalarge area comparedtothe

fineedge.Thisconcentrationofapplied force ontothesmalledgeareaincreasesthe pressure exerted
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bytheedge.Itisthishighpressurethatallowsabladetocutthroughamaterialbybreakingthebonds

betweenthemolecules/crystals/fibres/etc.inthematerial.Thisnecessitatesthebladebeingstrong

enoughtoresistbreakingbeforetheothermaterialgivesway.

Theshapeofthebladeisalsoimportant.Athickerbladewillbeheavierandstrongerandstiffer

thanathinneroneofsimilardesignwhilealsomakingitexperiencemoredragwhileslicingorpiercing.

Afilletingknifewillbethinenoughtobeveryflexiblewhileacarvingknifewillbethickerandstiffer;a

daggerwillbethinsoitcanpiercewhileacampingknifewillbethickertoitcanbestrongerandmore

durable.Astronglycurvededge,likea talwar willallowtheusertodrawtheedgeofthebladeagainst

anopponentevenwhileclosetotheopponentwhereastraightswordwouldbemoredifficulttopullin

thesamefashion.Thecurvededgeofanaxemeansthatonlyasmalllengthoftheedgewillinitially

strikethetree,concentratingforceasdoesathinneredgewhereasastraightedgecouldpotentially

landwiththefulllengthofitsedgeagainstaflatsectionoftree.Asplittingmaulhasaconvexsection

to avoid getting stuck in wood where chopping axes can be flat or even concave.

A khopesh or falchion or kukri isangledand/orweightedatthedistalendsothatforceisconcentrated

atthefastermoving,heavierpartoftheblademaximising cutting powerand making itlargely

unsuitableforthrustingwherea rapier isthinandtaperedallowingittopierceandbemovedwithmore

agilitywhilereducingitschoppingpowercomparedtoasimilarlysizedsword.

Abladeisthatportionofatool,whichisusedtocutthegrass.Thebladearemountedaccordingto

theneed.HowevertheHorizontalbladesareeasytoremoveandsharpenorreplacetheExistingengine

trimmersufferfrom Highinitialcost,highlevelofenginenoise,highfuelconsumptionrateandhigh

operatorsfatigueinlongrun.Variouscriticalfactorsgovernedbythemotorspeedconsideredin

choosingthebladematerial,Theweightofthebladematerial,Thestrengthofbladematerial,Theblade

sizeinlengthThebladesizeinthicknessSafetytotheuserApartfrom thefactorconsidered,theneed

foransharpenedmaterialwasalsoconsideredincaseofmaintenance,Soastoachievemaximum

efficiencyfrom themotor.Hencethewholegrasscutterblademustbeabsolutesharp.Sharpeningis

donequitebygrinding.Thebladehastomountedfirmlyshaftofthemotorsoastoguarantee

maximum safety.

CHAPTER4
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CIRCUITOPERATION

4.1WORKINGOFTHECIRCUIT:

Asolarpanelabsorbsthesunraysasasourceofenergythroughphotovoltaiceffectto
generateelectricity.Thegeneratedelectricityisstoredinthebatterythroughthesolarcharge
controller.

Asthepanel,battery,motorisconnectedtothesolarchargecontrollerwhichseriesto
themotor.

1.InitiallystarttheDCmotorwiththehelpoftheon/offswitchmountedonthehandle.

2.Thebladesareusedfortheforwardmomentofthemachine.

3.Batteryisusedtotransmitpowerfrom motortointermediateshafti.e.asthebatteryis

chargedbythesolarpanel.

4.Thebladesaremountedonthefrontsideofthemachine.Whenbladesstartrotating

forwardmotionoccurs.

5.Hence,weedingisdonewithlesseffortandlesscost.

4.2Advantages:

1.Simpleindesign.

2.Easytooperate.

3.Easytomaintain.

4.Cheaperincostduetonumberoflaboursrequiredisless

5.Pollutionfree.

6.Ecofriendly.

7.Userfriendly.

8.Ithasnorunningcost.

9.Solarradiationsareeasilyavailableinruralareas.

10.Nonskilledpersonscanalsooperatethismachine.
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11.Easytomovefrom oneplacetoanotherplace.

12.Nofuelconsumption.

13.Numberofreciprocatingportsareless.

4.3Disadvantages:

1.Manuallyoperatedmachine.

2.Difficulttooperateinrainyseason

4.4Applications:

1.Tocutthelawnsinplaygrounds.

2.Housegardens.

3.Agriculturefields.

4.Smallfarms.

5.Nurseries.

6.Tocuttheunwantedgrassinanareas.

4.5Features:

1.Battery12V.

2.Temperaturecompensationforthebestbatterychargingforvariousterrainandclimatic

condition.

3.Multi-leveloverloadsafeguard.

4.Solarpainelsarehighlyefficientintheirelectricityintheircapacity.

5.SolarPVmoduleshavealuminium framesthatareattachedwithtapesdirectlyontothe

siliconorlaminate.

6.TheseframesareusefulforincreasingmechanicalstrengthofPVmodulesandmaking

theinstallationprocesseasier.
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7.Manufacturesconductaseriesoftestformeasuringtheelectricitygeneratedbysolar

modules.

8.Solarisratedas12V25W.

9.Solarchargecontrollerisof12V10A.

CHAPTER5

RESULTANDDISCUSSION

1.Timerequiredforweedingof1acreareaofgardenis30minutesforthe12Vbattery

consumption.

2.Machineworksfor3hoursfourtimesofbatteryfullycharginginrainyseasons.In

summerseasonsmachineworkscontinuouslyduetothesolarpanelthebatterywill

charge

3.Weedingefficiencyofmachineis80%.
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Theseweederisusedinevenandunevensurfacesi.e,atinclinedareas

CHAPTER6

CONCLUSION
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Weed controlis one ofthe mostdifficulttasks in agriculture that

accountsfora considerable share ofthe costinvolved in agriculture production.

Farmersgenerallyexpressedtheirconcernfortheeffectiveweedcontrolmeasuresto

arrestthegrowthandpropagationofweeds.Lackofmanpowerhasbeenidentifiedas

one of the majorproblems forthe sustainability of the rice industry.Hence

transplantersandseederswerewelldevelopedasastepformechanization.However,

weedingmethodisstillnotwelldevelopeduptomechanization.Mechanicalweed

controlnotonlyuprootstheweedsbetweenthecroprowsbutalsokeepsthesoil

surfaceloose,ensuringbettersoilaerationandwaterintakecapacity.Weedingby

mechanicaldevicesreducesthecostoflabourandalsosavestime.Powerweedersare

onesteptowardsthestandardizationofpractices,e.g.ithasafixedmaxrotational

speed,fixeddirectionofmovement,anditgoesfrom onesideofthefieldtoanother.

Conversely,manualweedersstillrelyheavilyonthecharacteristicsoftheoperator(s),

whichcannotobviouslybestandardized.Itisaffectingspeed,directionofmovement,

andthemovementneededtooperateaweeder,e.g.backandforthorconstantpush.

Lookingtotheseproblemsandtogiveanew directiontotheweedingoperationan

attemptwasmadetodesign,developandtestsinglerowpowerweederforrice.Design

anddevelopmentofpowerweederwouldservethepurposeofminimum damagesdone

toriceplants,costeffectiveness,easymanuvelling,lowweightandfabricationbyusing

freelyavailablecomponentsandeasymaintenancearemainfeaturesofthisdesign.

Herecomestherelevanceofmechanisedweeding,whichisnotahugetimeconsuming

andsignificantlyimprovesweedingefficiencyaswellasthequalityofweeding.The

developedpowerweederwastestedatdifferentfieldconditionsandonthebasisof

thoseresultsobtained.Designparametersandtheirapplicationindevelopingbattery

operatedweedertobeestablished.
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PROJECTPROFORMA

ClassificationofProject

Application Product Research Review



Note:TickAppropriatecategory.

ProjectOutcomes

Outcome1 Usenewtools.

Outcome2 Workasanindividualandinateam

Outcome3 Analyzecritically.

Outcome4 Identifyandsolveproblems.

MappingTable

Project
Outcomes

ProgrammeOutcomes(POs) PSOs

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2

Outcome
1

2 1 2 2 3 2 2 3

Outcome
2

1 3 2 2 2 3 3 2 3 3 2

Outcome
3

1 2 2 2

Outcome
4

3 2 2 1 1 2 3 2 2 2 3 2

Note:MapeachprojectoutcomeswithPOsandPSOswitheither1or2or3based

onlevelofmappingasfollows:

1-Slightly(Low)mapped 2-Moderately(Medium)mapped 3-Substantially(High)mapped
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ProgrammeOutcomes:

1.Engineeringknowledge:Applytheknowledgeofmathematics,science,engineering
fundamentalsandanengineeringspecializationforthesolutionofcomplexengineering

problems.

2.Problem analysis:Identify,formulate,researchliterature,andanalyzecomplex

engineeringproblemsreachingsubstantiatedconclusionsusingfirstprinciplesof
mathematics,naturalsciences,andengineeringsciences.

3.Design/developmentofsolutions:Designsolutionsforcomplexengineeringproblems

anddesignsystem componentsorprocessesthatmeetthespecifiedneedswithappropriate

considerationforpublichealthandsafety,andcultural,societal,andenvironmental

considerations.

4.Conductinvestigationsofcomplexproblems:Useresearch-basedknowledgeand

researchmethodsincludingdesignofexperiments,analysisandinterpretationofdata,

andsynthesisoftheinformationtoprovidevalidconclusions.

5.Moderntoolusage:Create,select,andapplyappropriatetechniques,resources,and

ModernengineeringandITtools,includingpredictionandmodelingtocomplex

engineeringactivities,withanunderstandingofthelimitations.

6.Theengineerandsociety:Applyreasoninginformedbythecontextualknowledgeto

assesssocietal,health,safety,legal,andculturalissuesandtheconsequent

responsibilitiesrelevanttotheprofessionalengineeringpractice.
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7.Environmentandsustainability:Understandtheimpactoftheprofessionalengineering

solutionsinsocietalandenvironmentalcontexts,anddemonstratetheknowledgeof,

andneedforsustainabledevelopment.

8.Ethics:Applyethicalprinciplesandcommittoprofessionalethicsandresponsibilitiesand

normsoftheengineeringpractice.

9.Individualandteam work:Functioneffectivelyasanindividual,andasamemberor

leaderindiverseteams,andinmultidisciplinarysettings.

10.Communication:Communicateeffectivelyoncomplexengineeringactivitieswiththe

engineeringcommunityandwiththesocietyatlarge,suchas,beingableto

comprehendandwriteeffectivereportsanddesigndocumentation,makeeffective

presentations,andgiveandreceiveclearinstructions.

11.Projectmanagementandfinance:Demonstrateknowledgeandunderstandingofthe

engineeringandmanagementprinciplesandapplythesetoone’sownwork,asa

memberandleaderinateam,tomanageprojectsandinmultidisciplinary

environments.

12.Life-longlearning:Recognizestheneedfor,andhavethepreparationandabilityto

engageinindependentandlife-longlearninginthebroadestcontextoftechnological

change.

ProgrammeSpecificOutcomes(PSO):

1.Applytheknowledgeofcircuitdesign,analog & digitalelectronicsto thefield of
electricalandelectronicssystems
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2.Analyze,designanddevelopcontrolsystems,industrialdrivesandpowersystemsusing
moderntools.
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                                                ABSTRACT 

                                                   

The project is designed to implement FACTS by TSR (Thyristor Switch Reactance). This 

method is used either when charging the transmission line or when there is very low load at the 

receiving end. 

Due to very low or no load, very low current flows through the transmission line and shunt 

capacitance in the transmission line becomes dominant. This causes voltage amplification 

(Ferranti Effect) due to which receiving end voltage may become double than the sending ends 

voltage (generally in case of very long transmission lines). To compensate this, shunt inductors 

are automatically connected across the transmission line. 

In this proposed system the lead time between the zero voltage pulse and zero current pulse duly 

generated by suitable operational amplifier are fed to two interrupt pins of the microcontroller, 

where the program takes over to bring the shunt reactors to the circuit to get the voltage duly 

compensated. 

Back to back SCRs duly interfaced through optical isolation from the programmed 

microcontroller are used in series for switching the reactor (in our case a choke is used). The 

microcontroller used in the project is of 8051 family. 
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1.INTRODUCTION 

 

Due to very low or no load a very low current flows through the transmission line. Shunt 

capacitance method is used either when charging the transmission line, or, when there is very 

low load at the receiving end. Transmission line causes voltage amplification (Ferranti Effect). 

The receiving end voltage may become double the sending end voltage (generally in case of very 

long transmission lines). To compensate, shunt inductors are connected across the transmission 

line. The lead time between the zero voltage pulse and zero current pulse duly generated by 

suitable operational amplifier circuits in comparator mode are fed to two interrupt pins of the 

microcontroller where the program takes over to actuate appropriate number of opto-isolators 

interfaced to back to back SCRs  at its output for bringing shunt reactors into the load circuit to 

get the voltage duly compensated. The microcontroller used in the project is of 8051 family 

which is of 8 bit.  

The power supply consists of a step down transformer 230/12V, which steps down the voltage to 

12V AC. This is converted to DC using a Bridge rectifier. The ripples are removed using a 

capacitive filter and it is then regulated to +5V using a voltage regulator 7805 which is required 

for the operation of the microcontroller and other components. 
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1.1Voltage amplification improvement 

 

Alternating current circuits   

Unlike Direct Current Circuits, where only resistance restricts the current flow, in 

Alternating Current Circuits, there are other circuits aspects which determines the current flow; 

though these are akin to resistance, they do not consume power, but loads the system with 

reactive currents; like D.C. circuits where the current multiplied by voltage gives watts, here the 

same gives only VA.  

Like resistance, these are called “Reactance”. Reactance is caused by either inductance or 

by capacitance. The current drawn by inductance lags the voltage while the one by capacitance 

leads the voltage. Almost all industrial loads are inductive in nature and hence draw lagging 

wattles current, which unnecessarily load the system, performing no work. Since the capacitive 

currents is leading in nature, loading the system with capacitors wipes out them.  

 

 

 

 

FIG: WAVEFORMS FOR INDUCTIVE LOAD 
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FIG: WAVEFORMS FOR CAPACITIVE LOAD 

 

 

Definition and calculation 

AC power flow has the three components: real power (also known as active power) (P), 

measured in watts (W); apparent power (S), measured in volt-amperes (VA); and reactive power 

(Q), measured in reactive volt-amperes 

The power factor is defined as: 

In the case of a perfectly sinusoidal waveform, P, Q and S can be expressed as vectors 

that form a vector triangle such that: 

If is the phase angle between the current and voltage, then the power factor is equal to the cosine 

of the angle, and: 

Since the units are consistent, the power factor is by definition a dimensionless number 

between 0 and 1. When power factor is equal to 0, the energy flow is entirely reactive, and stored 

energy in the load returns to the source on each cycle. When the power factor is 1, all the energy 

supplied by the source is consumed by the load. Power factors are usually stated as "leading" or 

"lagging" to show the sign of the phase angle. 

If a purely resistive load is connected to a power supply, current and voltage will change 

polarity in step, the power factor will be unity (1), and the electrical energy flows in a single 

direction across the network in each cycle. Inductive loads such as transformers and motors (any 

type of wound coil) consume reactive power with current waveform lagging the voltage. 

Capacitive loads such as capacitor banks or buried cable generate reactive power with current 

http://en.wikipedia.org/wiki/Watt
http://en.wikipedia.org/wiki/Volt-amperes_reactive
http://en.wikipedia.org/wiki/Volt-amperes_reactive
http://en.wikipedia.org/wiki/Sine_wave
http://en.wikipedia.org/wiki/Vector_(geometry)
http://en.wikipedia.org/wiki/Phase_angle
http://en.wikipedia.org/wiki/Trigonometric_functions
http://en.wikipedia.org/wiki/Dimensionless_number
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phase leading the voltage. Both types of loads will absorb energy during part of the AC cycle, 

which is stored in the device's magnetic or electric field, only to return this energy back to the 

source during the rest of the cycle. 

For example, to get 1 kW of real power, if the power factor is unity, 1 kVA of apparent 

power needs to be transferred (1 kW ÷ 1 = 1 kVA). At low values of power factor, more apparent 

power needs to be transferred to get the same real power. To get 1 kW of real power at 0.2 power 

factor, 5 kVA of apparent power needs to be transferred (1 kW ÷ 0.2 = 5 kVA). This apparent 

power must be produced and transmitted to the load in the conventional fashion, and is subject to 

the usual distributed losses in the production and transmission processes. 

Electrical loads consuming alternating current power consume both real power and reactive 

power. The vector sum of real and reactive power is the apparent power. The presence of 

reactive power causes the real power to be less than the apparent power, and so, the electric load 

has a power factor of less than 1. 

Distortion power factor 

The distortion power factor' describes how the harmonic distortion of a load current 

decreases the average power transferred to the load. 

 

THDi is the total harmonic distortion of the load current. This definition assumes that the voltage 

stays undistorted (sinusoidal, without harmonics). This simplification is often a good 

approximation in practice. I1,rms is the fundamental component of the current and Irms is the total 

current - both are root mean square-values. 

The result when multiplied with the displacement power factor (DPF) is the overall, true power 

factor or just power factor (PF): 

 

 

 

 

http://en.wikipedia.org/wiki/AC_power
http://en.wikipedia.org/wiki/Distortion#Harmonic_distortion
http://en.wikipedia.org/wiki/Total_harmonic_distortion
http://en.wikipedia.org/wiki/Root_mean_square
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2. INTRODUCTION TO EMBEDDED SYSTEMS 

What is embedded system? 

An Embedded System is a combination of computer hardware and software, and perhaps 

additional mechanical or other parts, designed to perform a specific function. An embedded 

system is a microcontroller-based, software driven, reliable, real-time control system, 

autonomous, or human or network interactive, operating on diverse physical variables and in 

diverse environments and sold into a competitive and cost conscious market. 

An embedded system is not a computer system that is used primarily for processing, not a 

software system on PC or UNIX, not a traditional business or scientific application. High-end 

embedded & lower end embedded systems. High-end embedded system - Generally 32, 64 Bit 

Controllers used with OS. Examples Personal Digital Assistant and Mobile phones etc .Lower 

end embedded systems - Generally 8,16 Bit Controlle 

Characteristics of Embedded System 

• An embedded system is any computer system hidden inside a product other than a 

computer. 

• They will encounter a number of difficulties when writing embedded system software in 

addition to those we encounter when we write applications 

– Throughput – Our system may need to handle a lot of data in a short period of 

time. 

– Response–Our system may need to react to events quickly 

– Testability–Setting up equipment to test embedded software can be difficult 

– Debugability–Without a screen or a keyboard, finding out what the software is 

doing wrong (other than not working) is a troublesome problem 

– Reliability – embedded systems must be able to handle any situation without 

human intervention 

– Memory space – Memory is limited on embedded systems, and you must make 

thesoftware and the data fit into whatever memory exists 

– Program installation – you will need special tools to get your software into 

embedded systems 

– Power consumption – Portable systems must run on battery power, and the 
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software in these systems must conserve power 

– Processor hogs – computing that requires large amounts of CPU time can 

complicate the response problem 

– Cost – Reducing the cost of the hardware is a concern in many embedded system 

projects; software often operates on hardware that is barely adequate for the job. 

 

• Embedded systems have a microprocessor/ microcontroller and a memory.  Some have a 

serial port or a network connection.  They usually do not have keyboards, screens or disk 

drives. 

APPLICATIONS 

1) Military and aerospace embedded software applications 

2) Communication Applications 

3) Industrial automation and process control software 

4) Mastering the complexity of applications. 

5) Reduction of product design time. 

6) Real time processing of ever increasing amounts of data. 

7) Intelligent, autonomous sensors. 
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3. PROJECT BLOCK DIAGRAM 

 

 

 

FIG 3: PROJECT BLOCK DIAGRAM 
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4. HARDWARE REQUIREMENTS 

HARDWARE COMPONENTS: 

1. TRANSFORMER  (230 – 12 V AC) 

2. VOLTAGE REGULATOR   

3. RECTIFIER 

4. FILTER 

5. MICROCONTROLLER (AT89S52/AT89C51) 

6. OPTO-ISOLATOR (MOC3063) 

7. SCR 

8. PUSH BUTTONS 

9. LCD 

10.  LM339 

11. CURRENT TRANSFORMER 

12.  INDUCTIVE CHOKE 

13.  SHUNT CAPACITOR 

14. LED 

15.  1N4007 / 1N4148 

16.  RESISTOR  

17.  CAPACITOR 
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4.1 TRANSFORMER 

 

         Transformers convert AC electricity from one voltage to another with a little loss of power. 

Step-up transformers increase voltage, step-down transformers reduce voltage. Most power 

supplies use a step-down transformer to reduce the dangerously high voltage to a safer low 

voltage.  

The input coil is called the primary and the output coil is called the secondary. There is no 

electrical connection between the two coils; instead they are linked by an alternating magnetic 

field created in the soft-iron core of the transformer. The two lines in the middle of the circuit 

symbol represent the core.  Transformers waste very little power so the power out is (almost) 

equal to the power in. Note that as voltage is stepped down and current is stepped up.  

            The ratio of the number of turns on each coil, called the turn’s ratio, determines the ratio 

of the voltages. A step-down transformer has a large number of turns on its primary (input) coil 

which is connected to the high voltage mains supply, and a small number of turns on its 

secondary (output) coil to give a low output voltage.   

TURNS RATIO   =   (Vp  /  Vs)   =   ( Np  /  Ns ) 

Where, 

Vp = primary (input) voltage. 

Vs = secondary (output) voltage 

Np = number of turns on primary coil 

Ns = number of turns on secondary coil 

 Ip = primary (input) current 

 Is = secondary (output) current. 
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Ideal power equation 

 

 
The ideal transformer as a circuit element 

If the secondary coil is attached to a load that allows current to flow, electrical power is 

transmitted from the primary circuit to the secondary circuit. Ideally, the transformer is perfectly 

efficient; all the incoming energy is transformed from the primary circuit to the magnetic field 

and into the secondary circuit. If this condition is met, the incoming electric power must equal 

the outgoing power: 

giving the ideal transformer equation 

 

Transformers normally have high efficiency, so this formula is a reasonable 

approximation.If the voltage is increased, then the current is decreased by the same factor. The 

impedance in one circuit is transformed by the square of the turns ratio. For example, if an 

impedance Zs is attached across the terminals of the secondary coil, it appears to the primary 

circuit to have an impedance of (Np/Ns)
2Zs. This relationship is reciprocal, so that the impedance 

Zp of the primary circuit appears to the secondary to be (Ns/Np)
2Zp. 

 

 

http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Electric_power
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4.2 VOLTAGE REGULATOR 7805 

 

 

Features 

• Output Current up to 1A.                                                          

• Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V.     

• Thermal Overload Protection.                                                  

• Short Circuit Protection. 

• Output Transistor Safe Operating Area Protection.  

 

Description 

The LM78XX/LM78XXA series of three-terminal positive regulators are available in the 

TO-220/D-PAK package and with several fixed output voltages, making them useful in a Wide 

range of applications. Each type employs internal current limiting, thermal shutdown and safe 

operating area protection, making it essentially indestructible. If adequate heat sinking is 

provided, they can deliver over 1A output Current. Although designed primarily as fixed voltage 

regulators, these devices can be used with external components to obtain adjustable voltages and 

currents. 

Internal Block Diagram 
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FIG 4.2(a): BLOCK DIAGRAM OF VOLTAGE REGULATOR 

 

 

Absolute Maximum Ratings 

 

TABLE 4.2(b): RATINGS OF THE VOLTAGE REGULATOR 
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4.3 RECTIFIER 

A rectifier is an electrical device that converts alternating current (AC), which 

periodically reverses direction, to direct current (DC), current that flows in only one direction, a 

process known as rectification. Rectifiers have many uses including as components of power 

supplies and as detectors of radio signals. Rectifiers may be made of solid statediodes, vacuum 

tube diodes, mercury arc valves, and other components. The output from the transformer is fed to 

the rectifier. It converts A.C. into pulsating D.C. The rectifier may be a half wave or a full wave 

rectifier. In this project, a bridge rectifier is used because of its merits like good stability and full 

wave rectification. In positive half cycleonly two diodes (1 set of parallel diodes) will conduct, in 

negative half cycle remaining two diodes will conduct and they will conduct only in forward bias 

only. 

 

 

 

 

4.4 FILTER 

 

Capacitive filter is used in this project. It removes the ripples from the output of rectifier 

and smoothens the D.C. Output   received from this filter is constant until the mains voltage and 

load is maintained constant. However, if either of the two is varied, D.C. voltage received at this 

point changes. Therefore a regulator is applied at the output stage. 

The simple capacitor filter is the most basic type of power supply filter. The use of this 

http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Power_supply
http://en.wikipedia.org/wiki/Power_supply
http://en.wikipedia.org/wiki/Detector_(radio)
http://en.wikipedia.org/wiki/Radio
http://en.wikipedia.org/wiki/Solid_state_(electronics)
http://en.wikipedia.org/wiki/Solid_state_(electronics)
http://en.wikipedia.org/wiki/Vacuum_tube
http://en.wikipedia.org/wiki/Vacuum_tube
http://en.wikipedia.org/wiki/Mercury_arc_valve
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filter is very limited. It is sometimes used on extremely high-voltage, low-current power supplies 

for cathode-ray and similar electron tubes that require very little load current from the supply. 

This filter is also used in circuits where the power-supply ripple frequency is not critical and can 

be relatively high. Below figure can show how the capacitor charges and discharges. 

 

4.5 MICROCONTROLLER AT89S52 

The AT89S52 is a low-power, high-performance CMOS 8-bit microcontroller with 8K 

bytes of in-system programmable Flash memory.The device is manufactured using Atmel’s high-

density non volatile memory technology and is compatible with the industry standard 80C51 

instruction set and pin out. The on-chip Flash allows the program memory to be reprogrammed 

in-system or by a conventional non volatile memory programmer. By combining a versatile 8-bit 

CPU with in-system programmable Flash on a monolithic chip, the Atmel AT89S52 is a 

powerful microcontroller which provides a highly-flexible and cost-effective solution to many 

embedded control applications. The AT89S52 provides the following standard features: 8K bytes 

of Flash, 256 bytes of RAM, 32 I/O lines, Watchdog timer, two data pointers, three 16-bit 

timer/counters, a six-vector two-level interrupt architecture, a full duplex serial port,on-chip 

oscillator, and clock circuitry. In addition, the AT89S52 is designed with static logic for 

operation down to zero frequency and supports two software selectable power saving modes. The 

Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt 
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system to continue functioning. The Power-down mode saves the RAM contents but freezes the 

oscillator, disabling all other chip functions until the next interrupt or hardware reset.   

Features: 

• Compatible with MCS®-51 Products 

• 8K Bytes of In-System Programmable (ISP) Flash Memory 

– Endurance: 10,000 Write/Erase Cycles 

• 4.0V to 5.5V Operating Range 

• Fully Static Operation: 0 Hz to 33 MHz 

• Three-level Program Memory Lock 

• 256 x 8-bit Internal RAM 

• 32 Programmable I/O Lines 

• Three 16-bit Timer/Counters 

• Eight Interrupt Sources 

• Full Duplex UART Serial Channel 

• Low-power Idle and Power-down Modes 

• Interrupt Recovery from Power-down Mode 

• Watchdog Timer 

• Dual Data Pointer 

• Power-off Flag 

• Fast Programming Time 

• Flexible ISP Programming (Byte and Page Mode)  
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Block Diagram of AT89S52: 

 

 

FIG 4.5(A):  BLOCK DIAGRAM OF AT89S52 

  



17 
 

Pin Configurations of AT89S52 

 

 

                                FIG 4.5(b): PIN DIAGRAM OF AT89S52 

Pin Description: 

VCC: 

      Supply voltage. 

GND: 

      Ground. 

Port 0: 

Port 0 is an 8-bit open drain bidirectional I/O port. As an output port, each pin can sink 

eight TTL inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance 
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inputs. Port 0 can also be configured to be the multiplexed low-order address/data bus during 

accesses to external program and data memory. In this mode, P0 has internal pull-ups. Port 0 also 

receives the code bytes during Flash programming and outputs the code bytes during program 

verification. External pull-ups are required during program verification. 

Port 1: 

Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 1 output buffers 

can sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high by the 

internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are externally being pulled 

low will source current (IIL) because of the internal pull-ups. In addition, P1.0 and P1.1 can be 

configured to be the timer/counter 2 external count input (P1.0/T2) and the timer/counter 2 

trigger input (P1.1/T2EX). 

Port 2: 

Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 2 output buffers 

can sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the 

internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being pulled 

low will source current (IIL) because of the internal pull-ups. Port 2 emits the high-order address 

byte during fetches from external program memory and during accesses to external data memory 

that use 16-bit addresses (MOVX @ DPTR). In this application, Port 2 uses strong internal pull-

ups when emitting 1s. During accesses to external data memory that use 8-bit addresses (MOVX 

@ RI), Port 2 emits the contents of the P2 Special Function Register. 

Port 3: 

Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 3 output buffers 

can sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulled high by the 

internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally being pulled 

low will source current (IIL) because of the pull-ups. 

RST: 

Reset input. A high on this pin for two machine cycles while the oscillator is running 
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resets the device. This pin drives high for 98 oscillator periods after the Watchdog times out. The 

DISRTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state 

of bit DISRTO, the RESET HIGH out feature is enabled. 

ALE/PROG: 

Address Latch Enable (ALE) is an output pulse for latching the low byte of the address 

during accesses to external memory. This pin is also the program pulse input (PROG) during 

Flash programming. 

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and 

may be used for external timing or clocking purposes. Note, however, that one ALE pulse is 

skipped during each access to external data memory. 

PSEN: 

Program Store Enable (PSEN) is the read strobe to external program memory. When the 

AT89S52 is executing code from external program memory, PSEN is activated twice each 

machine cycle, except that two PSEN activations are skipped during each access to external data 

memory. 

EA/VPP: 

External Access   Enable. EA must be strapped to GND in order to enable the device to 

fetch code from external program memory locations starting at 0000H up to FFFFH. Note, 

however, that if lock bit 1 is programmed, EA will be internally latched on reset. EA should be 

strapped to VCC for internal program executions. This pin also receives the 12-volt 

programming enable voltage (VPP) during Flash programming. 

XTAL1: 

Input to the inverting oscillator amplifier and input to the internal clock operating circuit. 

XTAL2: 

Output   from the inverting oscillator amplifier. 
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Oscillator Characteristics: 

 XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier 

which can be configured for use as an on-chip oscillator, as shown in Figure 1. Either a quartz 

crystal or ceramic resonator may be used. To drive the device from an external clock source, 

XTAL2 should be left unconnected while XTAL1 is driven as shown in Figure 6.2. There are no 

requirements on the duty cycle of the external clock signal, since the input to the internal 

clocking circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high 

and low time specifications must be observed. 

 

FIG 4.5(c): Oscillator Connections 

 

 

FIG 4.5(d): External Clock Drive Configuration 

Idle Mode 
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     In idle mode, the CPU puts itself to sleep while all the on chip peripherals remain active. The 

mode is invoked by software. The content of the on-chip RAM and all the special functions 

registers remain unchanged during this mode. The idle mode can be terminated by any enabled 

interrupt or by a hardware reset. 

Power down Mode 

  In the power down mode the oscillator is stopped, and the instruction that invokes power 

down is the last instruction executed. The on-chip RAM and Special Function Registers retain 

their values until the power down mode is terminated. The only exit from power down is a 

hardware reset. Reset redefines the SFRs but does not change the on-chip RAM. The reset 

should not be activated before VCC is restored to its normal operating level and must be held 

active long enough to allow the oscillator to restart and stabilize 

 

 

 

 

4.6 MOC 3061/63 (OPTO TRIAC) 

Opto-isolators,or Opto-couplers, are made up of a light emitting device, and a light sensitive 

device, all wrapped up in one package, but with no electrical connection between the two, just a 

beam of light. The light emitter is nearly always an LED. The light sensitive device may be a 

photodiode, phototransistor, or more esoteric devices such as thyristors, triacs e.t.c. 

A lot of electronic equipment nowadays is using optocoupler in the circuit. An optocoupler or 

sometimes refer to as optoisolator allows two circuits to exchange signals yet remain electrically 

isolated. This is usually accomplished by using light to relay the signal. The standard 

optocoupler circuits design uses a LED shining on a phototransistor-

usually it is a npn transistor and not PNP. The signal is applied to the 

LED, which then shines on the transistor in the IC.  

 The light is proportional to the signal, so the signal is thus 

http://www.electronicrepairguide.com/optocoupler.html


22 
 

transferred to the phototransistor. Optocouplers may also comes in few module such as the SCR, 

photodiodes, TRIAC of other semiconductor switch as an output, and incandescent lamps, neon 

bulbs or other light source.  

 The optocoupler usually found in switch mode power supply circuit in many electronic 

equipment. It is connected in between the primary and secondary section of power supplies.  

 

 

 

TABLE 4.6.PIN DESCRIPTION OF OPTOCOUPLER 

4.7 THYRISTOR (SCR) 

A silicon-controlled rectifier (or semiconductor-controlled rectifier) is a four-layer solid 

state device that controls current. The name "silicon controlled rectifier" or SCR is General 

Electric's trade name for a type of thyristor. The SCR was developed by a team of power 

engineers led by Gordon Hall and commercialized by Frank W. "Bill" Gutzwiller in 1957. 

 

http://www.electronicrepairguide.com/optocoupler.html
http://en.wikipedia.org/wiki/Solid_state_(electronics)
http://en.wikipedia.org/wiki/Solid_state_(electronics)
http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/General_Electric
http://en.wikipedia.org/wiki/General_Electric
http://en.wikipedia.org/wiki/Thyristor
http://en.wikipedia.org/wiki/Power_engineer
http://en.wikipedia.org/wiki/Power_engineer
http://en.wikipedia.org/wiki/1957


23 
 

 

Construction of SCR 

at is switching either ON or OFFAn SCR consists of four layers of alternating P and N 

type semiconductor materials. Silicon is used as the intrinsic semiconductor, to which the proper 

dopants are added. The junctions are either diffused or alloyed. The planar construction is used 

for low power SCRs (and all the junctions are diffused). The mesa type construction is used for 

high power SCRs. In this case, junction J2 is obtained by the diffusion method and then the outer 

two layers are alloyed to it, since the PNPN pellet is required to handle large currents. It is 

properly braced with tungsten or molybdenum plates to provide greater mechanical strength. One 

of these plates is hard soldered to a copper stud, which is threaded for attachment of heat sink. 

The doping of PNPN will depend on the application of SCR, since its characteristics are similar 

to those of the thyratron. Today, the term thyristor applies to the larger family of multilayer 

devices that exhibit bistable state-change behaviour. 

 

 

Modes of operation 

In the normal "off" state, the device restricts current to the leakage current. When the 

gate-to-cathode voltage exceeds a certain threshold, the device turns "on" and conducts current. 

The device will remain in the "on" state even after gate current is removed so long as current 

through the device remains above the holding current. Once current falls below the holding 

http://en.wikipedia.org/wiki/P-type_semiconductor
http://en.wikipedia.org/wiki/N-type_semiconductor
http://en.wikipedia.org/wiki/Semiconductor
http://en.wikipedia.org/wiki/Dopant
http://en.wikipedia.org/wiki/Mesa_(disambiguation)
http://en.wikipedia.org/wiki/Alloyed
http://en.wikipedia.org/wiki/Current
http://en.wikipedia.org/wiki/Tungsten
http://en.wikipedia.org/wiki/Molybdenum
http://en.wikipedia.org/wiki/Copper
http://en.wikipedia.org/wiki/Heat_sink
http://en.wikipedia.org/wiki/Thyratron
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current for an appropriate period of time, the device will switch "off". If the gate is pulsed and 

the current through the device is below the holding current, the device will remain in the "off" 

state. 

If the applied voltage increases rapidly enough, capacitive coupling may induce enough charge 

into the gate to trigger the device into the "on" state; this is referred to as "dv/dt triggering." This 

is usually prevented by limiting the rate of voltage rise across the device, perhaps by using a 

snubber. "dv/dt triggering" may not switch the SCR into full conduction rapidly and the 

partially-triggered SCR may dissipate more power than is usual, possibly harming the device. 

SCRs can also be triggered by increasing the forward voltage beyond their rated breakdown 

voltage (also called as break over voltage), but again, this does not rapidly switch the entire 

device into conduction and so may be harmful so this mode of operation is also usually avoided. 

Also, the actual breakdown voltage may be substantially higher than the rated breakdown 

voltage, so the exact trigger point will vary from device to device. This device is generally used 

in switching applications. 

 

Reverse Bias 

SCR are available with or without reverse blocking capability. Reverse blocking 

capability adds to the forward voltage drop because of the need to have a long, low doped P1 

region. Usually, the reverse blocking voltage rating and forward blocking voltage rating are the 

same. The typical application for reverse blocking SCR is in current source inverters. 

SCR incapable of blocking reverse voltage are known as asymmetrical SCR, abbreviated 

ASCR. They typically have a reverse breakdown rating in the 10's of volts. ASCR are used 

where either a reverse conducting diode is applied in parallel (for example, in voltage source 

inverters) or where reverse voltage would never occur (for example, in switching power supplies 

or DC traction choppers). 

Asymmetrical SCR can be fabricated with a reverse conducting diode in the same package. 

These are known as RCT, for reverse conducting thyristor. 

 

Application of SCR’s 

SCRs are mainly used in devices where the control of high power, possibly coupled with 

high voltage, is demanded. Their operation makes them suitable for use in medium to high-

http://en.wikipedia.org/wiki/Snubber
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voltage AC power control applications, such as lamp dimming, regulators and motor control. 

 

 

4.8 PUSH BUTTONS 

 

A push-button (also spelled pushbutton) or simply button is a simple switch mechanism for 

controlling some aspect of a machine or a process. Buttons are typically made out of hard 

material, usually plastic or metal. The surface is usually flat or shaped to accommodate the 

human finger or hand, so as to be easily depressed or pushed. Buttons are most often biased 

switches, though even many un-biased buttons (due to their physical nature) require a spring to 

return to their un-pushed state. Different people use different terms for the "pushing" of the 

button, such as press, depress, mash, and punch. 

Uses: 

In industrial and commercial applications push buttons can be linked together by a mechanical 

linkage so that the act of pushing one button causes the other button to be released. In this way, a 

stop button can "force" a start button to be released. This method of linkage is used in simple 

manual operations in which the machine or process have no electrical circuits for control. 

Push to ON button: 

 

Fig 4.7(a): push on button 
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Initially the two contacts of the button are open. When the button is pressed they become 

connected. This makes the switching operation using the push button. 

4.9 LIQUID CRYSTAL DISPLAY 

                 This is the first interfacing example for the Parallel Port. We will start with something 

simple. This example doesn't use the Bi-directional feature found on newer ports, thus it should 

work with most, if not all Parallel Ports. It however doesn't show the use of the Status Port as an 

input for a 16 Character x 2 Line LCD Module to the Parallel Port. These LCD Modules are very 

common these days, and are quite simple to work with, as all the logic required running them is 

on board.  

LCD Background: 

Frequently, an 8051 program must interact with the outside world using input and output 

devices that communicate directly with a human being. One of the most common devices 

attached to an 8051 is an LCD display. Some of the most common LCDs connected to the 8051 

are 16x2 and 20x2 displays. This means 16 characters per line by 2 lines and 20 characters per 

line by 2 lines, respectively.  

Fortunately, a very popular standard exists which allows us to communicate with the vast 

majority of LCDs regardless of their manufacturer. The standard is referred to as HD44780U, 

which refers to the controller chip which receives data from an external source (in this case, the 

8051) and communicates directly with the LCD. 

 

FIG 4.8: LCD 
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4.10 QUAD VOLTAGE COMPARATOR LM339 

 

DESCRIPTION 

 

The LM339 consists of four independent precision voltage 

comparators, with an offset voltage specification as low as 20㎷ 

max for each comparator, which were designed specifically to 

operate from a single power supply over a wide range of voltages. 

Operation from split power supplies is also possible and the low 

power supply current drain is independent of the magnitude of the 

power supply voltage. 

 

These comparators also have a unique characteristic in that the input common-mode 

voltage range includes ground, even though they are operated from a single power supply 

voltage. The LM339 series was designed to directly interface with TTL and CMOS. When 

operated from both plus and minus power supplies, the LM339 series will directly interface with 

MOS logic where their low power drain is a distinct advantage over standard comparators. 

 

FEATURES 

 

● Wide single supply voltage range 2.0VDC TO 36VDC 

or dural supplies ±1.0VDC to ±18VDC 

● Very low supply current drain (0.8㎃) independent 

of supply voltage (1.0㎽/comparator at 5.0VDC) 

● Low input biasing current 25㎁ 

● Low input offset current ±5㎁ and offset voltage 

● Input common-mode voltage range includes ground 

● Differential input voltage range equal to the power 

supply voltage 
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● Low output 250㎷ at 4㎃ saturation voltage 

● Output voltage compatible with TTL, DTL, ECL, MOS 

and CMOS logic system 

● Moisture Sensitivity Level 3 

APPLICATION 

● A/D Converters 

● Wide range VOC 

● MOS clock generator   

● High voltage logic gate 

● Multivibrators 
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4.11 CURRENT TRANSFORMER 

 

 

In electrical engineering, a current transformer (CT) is used for measurement of electric 

currents. Current transformers, together with voltage transformers (VT) (potential transformers 

(PT)), are known as instrument transformers. When current in a circuit is too high to directly 

apply to measuring instruments, a current transformer produces a reduced current accurately 

proportional to the current in the circuit, which can be conveniently connected to measuring and 

recording instruments. A current transformer also isolates the measuring instruments from what 

may be very high voltage in the monitored circuit. Current transformers are commonly used in 

metering and protective relays in the electrical power industry. 

 

4.12 INDUCTIVE LOAD 

 

 

 

A load that is predominantly inductive, so that the alternating load current lags behind the 

alternating voltage of the load. Also known as lagging load. Any devices that have coils of wire 

in there manufacture can be classed as inductive loads. E.g. motors, solenoids and contactor coils 
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are a few. Example of resistive loads can be baseboard heaters, filament light bulbs, toasters and 

stove top elements. 

 

4.13 SHUNT CAPACITORS 

 

 

 

 

Shunt capacitor banks are used to improve the quality of the electrical supply and the 

efficient operation of the power system. Studies show that a flat voltage profile on the system 

can significantly reduce line losses. Shunt capacitor banks are relatively inexpensive and can be 

easily installed anywhere on the network. 
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4.14 LED 

LEDs are semiconductor devices. Like transistors, and other diodes, LEDs are made out 

of silicon. What makes an LED give off light are the small amounts of chemical impurities that 

are added to the silicon, such as gallium, arsenide, indium, and nitride.         

 

When current passes through the LED, it emits photons as a byproduct. Normal light 

bulbs produce light by heating a metal filament until it is white hot.  LEDs produce photons 

directly and not via heat, they are far more efficient than incandescent bulbs.   

 

 

   Fig 4.12(a): Typical LED       Fig 4.12(b): circuit  symbol 

 

Not long ago LEDs were only bright enough to be used as indicators on dashboards or 

electronic equipment. But recent advances have made LEDs bright enough to rival traditional 

lighting technologies. Modern LEDs can replace incandescent bulbs in almost any application. 

 

 

Types of LED’S 

 

            LEDs are produced in an array of shapes and sizes. The 5 mm cylindrical package is the most 

common, estimated at 80% of world production. The color of the plastic lens is often the same as the 

actual color of light emitted, but not always. For instance, purple plastic is often used for infrared 

LEDs, and most blue devices have clear housings. There are also LEDs in extremely tiny packages, 

such as those found on blinkers and on cell phone keypads. The main types of LEDs are miniature, 

high power devices and custom designs such as alphanumeric or multi-color. 
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Fig 4.12(c) Different types of LED’S 

 

 

Colors and materials of LED’S 

 

Conventional LED’S are made from a variety of inorganic semiconductor materials, the 

following table shows the available colours with wavelength range, voltage drop and material. 

 

White LED’S 

 

Light Emitting Diodes (LED) have recently become available that are white and bright, 

so bright that they seriously compete with incandescent lamps in lighting applications. They are 

still pretty expensive as compared to a GOW lamp but draw much less current and project a 

fairly well focused beam. 

 

 The diode in the photo came with a neat little reflector that tends to sharpen the beam a 

little but doesn't seem to add much to the overall intensity. 

 

When run within their ratings, they are more reliable than lamps as well. Red LEDs are 

now being used in automotive and truck tail lights and in red traffic signal lights. You will be 

able to detect them because they look like an array of point sources and they go on and off 
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instantly as compared to conventional incandescent lamps. 

 

 

 

 

 

 

 

 

 

 

 

 

L

EDs 

are monochromatic (one color) devices. The color is determined by the band gap of the 

semiconductor used to make them. Red, green, yellow and blue LEDs are fairly common. White 

light contains all colors and cannot be directly created by a single LED. The most common form 

of "white" LED really isn't white. It is a Gallium Nitride blue LED coated with a phosphor that, 

when excited by the blue LED light, emits a broad range spectrum that in addition to the blue 

emission, makes a fairly white light. 

 

There is a claim that these white LED's have a limited life. After 1000 hours or so of 

operation, they tend to yellow and dim to some extent. Running the LEDs at more than their 

rated current will certainly accelerate this process. 

 

There are two primary ways of producing high intensity white-light using LED’S. One is 

to use individual LED’S that emit three primary colours—red, green, and blue—and then mix all 

the colours to form white light. The other is to use a phosphor material to convert 

monochromatic light from a blue or UV LED to broad-spectrum white light, much in the same 

way a fluorescent light bulb works. Due to metamerism, it is possible to have quite different 

http://www.bivar.com/bullethtml/bull-nov2.htm
http://en.wikipedia.org/wiki/Primary_color
http://en.wikipedia.org/wiki/Metamerism_(color)
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spectra that appear white. 

 

4.15 1N4007 

Diodes are used to convert AC into DC these are used as half wave rectifier or full wave 

rectifier. Three points must he kept in mind while using any type of diode.  

1. Maximum forward current capacity  

2. Maximum reverse voltage capacity  

3. Maximum forward voltage capacity  

 

The number and voltage capacity of some of the important diodes available in the market are as 

follows:  

● Diodes of number IN4001, IN4002, IN4003, IN4004, IN4005, IN4006 and IN4007 have 

maximum reverse bias voltage capacity of 50V and maximum forward current capacity 

of 1 Amp.  

● Diode of same capacities can be used in place of one another. Besides this diode of more 

capacity can be used in place of diode of low capacity but diode of low capacity cannot 

be used in place of diode of high capacity. For example, in place of IN4002; IN4001 or 

IN4007 can be used but IN4001 or IN4002 cannot be used in place of IN4007.The diode 

BY125made by company BEL is equivalent of diode from IN4001 to IN4003. BY 126 is 

equivalent to diodes IN4004 to 4006 and BY 127 is equivalent to diode IN4007.  

are removed from the covalent bonds, thus creating new holes. This process continues as the 

steady stream of holes (hole current) moves toward the negative terminal. 
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1N4148 

 

The 1N4148 is a standard small signal silicondiode used in signal processing. Its name 

follows the JEDEC nomenclature. The 1N4148 is generally available in a DO-35 glass package 

and is very useful at high frequencies with a reverse recovery time of no more than 4ns. This 

permits rectification and detection of radio frequency signals very effectively, as long as their 

amplitude is above the forward conduction threshold of silicon (around 0.7V) or the diode is 

biased. 

                                                        

                                                            

 

         Fig:1N4148 diode 

 

4.16 RESISTORS 

 

A resistor is a two-terminal electronic component designed to oppose an electric current by 

producing a voltage drop between its terminals in proportion to the current, that is, in accordance 

with Ohm's law: 

   V = IR  

Resistors are used as part of electrical networks and electronic circuits. They are extremely 

commonplace in most electronic equipment. Practical resistors can be made of various 

compounds and films, as well as resistance wire (wire made of a high-resistivity alloy, such as 

nickel/chrome). 

http://en.wikipedia.org/wiki/Silicon
http://en.wikipedia.org/wiki/Silicon
http://en.wikipedia.org/wiki/Signal_processing
http://en.wikipedia.org/wiki/JEDEC
http://en.wikipedia.org/wiki/DO-35
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 The primary characteristics of resistors are their resistance and the power they can 

dissipate. Other characteristics include temperature coefficient, noise, and inductance. Less well-

known is critical resistance, the value below which power dissipation limits the maximum 

permitted current flow, and above which the limit is applied voltage. Critical resistance depends 

upon the materials constituting the resistor as well as its physical dimensions; it's determined by 

design. 

 Resistors can be integrated into hybrid and printed circuits, as well as integrated 

circuits. Size, and position of leads (or terminals) are relevant to equipment designers; resistors 

must be physically large enough not to overheat when dissipating their power. 

 

A resistor is a two-terminalpassiveelectronic component which implements electrical resistance 

as a circuit element. When a voltage V is applied across the terminals of a resistor, a current I 

will flow through the resistor in direct proportion to that voltage. The reciprocal of the constant 

of proportionality is known as the resistance R, since, with a given voltage V, a larger value of R 

further "resists" the flow of current I as given by Ohm's law: 

 

Resistors are common elements of electrical networks and electronic circuits and are 

ubiquitous in most electronic equipment. Practical resistors can be made of various compounds 

and films, as well as resistance wire (wire made of a high-resistivity alloy, such as nickel-

chrome). Resistors are also implemented within integrated circuits, particularly analog devices, 

and can also be integrated into hybrid and printed circuits. 

The electrical functionality of a resistor is specified by its resistance: common 

http://en.wikipedia.org/wiki/Terminal_%28electronics%29
http://en.wikipedia.org/wiki/Terminal_%28electronics%29
http://en.wikipedia.org/wiki/Electronic_component
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Direct_proportion
http://en.wikipedia.org/wiki/Resistance
http://en.wikipedia.org/wiki/Ohm%27s_law
http://en.wikipedia.org/wiki/Electrical_networks
http://en.wikipedia.org/wiki/Resistance_wire
http://en.wikipedia.org/wiki/Integrated_circuits
http://en.wikipedia.org/wiki/Hybrid_circuit
http://en.wikipedia.org/wiki/Printed_circuit_board
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commercial resistors are manufactured over a range of more than 9 orders of magnitude. When 

specifying that resistance in an electronic design, the required precision of the resistance may 

require attention to the manufacturing tolerance of the chosen resistor, according to its specific 

application. The temperature coefficient of the resistance may also be of concern in some 

precision applications. Practical resistors are also specified as having a maximum power rating 

which must exceed the anticipated power dissipation of that resistor in a particular circuit: this is 

mainly of concern in power electronics applications. Resistors with higher power ratings are 

physically larger and may require heat sinking. In a high voltage circuit, attention must 

sometimes be paid to the rated maximum working voltage of the resistor. 

The series inductance of a practical resistor causes its behavior to depart from ohms law; 

this specification can be important in some high-frequency applications for smaller values of 

resistance. In a low-noise amplifier or pre-amp the noise characteristics of a resistor may be an 

issue. The unwanted inductance, excess noise, and temperature coefficient are mainly dependent 

on the technology used in manufacturing the resistor. They are not normally specified 

individually for a particular family of resistors manufactured using a particular technology.  

 A family of discrete resistors is also characterized according to its form factor, that is, 

the size of the device and position of its leads (or terminals) which is relevant in the practical 

manufacturing of circuits using them. 

 

Units 

The ohm (symbol: Ω) is the SI unit of electrical resistance, named after Georg Simon 

Ohm. An ohm is equivalent to a volt per ampere. Since resistors are specified and manufactured 

over a very large range of values, the derived units of milliohm (1 mΩ = 10−3 Ω), kilohm (1 kΩ 

= 103 Ω), and megohm (1 MΩ = 106 Ω) are also in common usage. 

The reciprocal of resistance R is called conductance G = 1/R and is measured in Siemens 

(SI unit), sometimes referred to as a mho. Thus a Siemens is the reciprocal of an ohm: S = Ω − 1. 

Although the concept of conductance is often used in circuit analysis, practical resistors are 

always specified in terms of their resistance (ohms) rather than conductance. 

http://en.wikipedia.org/wiki/Orders_of_magnitude
http://en.wikipedia.org/wiki/Engineering_tolerance#Electrical_component_tolerance
http://en.wikipedia.org/wiki/Temperature_coefficient
http://en.wikipedia.org/wiki/Power_%28physics%29
http://en.wikipedia.org/wiki/Heat_sink
http://en.wikipedia.org/wiki/Inductance
http://en.wikipedia.org/wiki/Low-noise_amplifier
http://en.wikipedia.org/wiki/Pre-amp
http://en.wikipedia.org/wiki/Ohm_%28unit%29
http://en.wikipedia.org/wiki/%CE%A9
http://en.wikipedia.org/wiki/SI
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Georg_Simon_Ohm
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http://en.wikipedia.org/wiki/Volt
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Variable resistors 

Adjustable resistors 

A resistor may have one or more fixed tapping points so that the resistance can be 

changed by moving the connecting wires to different terminals. Some wirewound power resistors 

have a tapping point that can slide along the resistance element, allowing a larger or smaller part 

of the resistance to be used. 

Where continuous adjustment of the resistance value during operation of equipment is 

required, the sliding resistance tap can be connected to a knob accessible to an operator. Such a 

device is called a rheostat and has two terminals. 

 

Potentiometers 

A common element in electronic devices is a three-terminal resistor with a continuously 

adjustable tapping point controlled by rotation of a shaft or knob. These variable resistors are 

known as potentiometers when all three terminals are present, since they act as a continuously 

adjustable voltage divider. A common example is a volume control for a radio receiver.  

Accurate, high-resolution panel-mounted potentiometers (or "pots") have resistance elements 

typically wire wound on a helical mandrel, although some include a conductive-plastic resistance 

coating over the wire to improve resolution. These typically offer ten turns of their shafts to  

 cover their full range.  

 

 4.17 CAPACITORS 

A capacitor or condenser is a passive electronic component consisting of a pair of conductors 

separated by a dielectric. When a voltage potential difference exists between the conductors, an 

electric field is present in the dielectric. This field stores energy and produces a mechanical force 

between the plates. The effect is greatest between wide, flat, parallel, narrowly separated 

conductors. 

 An ideal capacitor is characterized by a single constant value, capacitance, which is 

measured in farads. This is the ratio of the electric charge on each conductor to the potential 

difference between them. In practice, the dielectric between the plates passes a small amount of 

leakage current. The conductors and leads introduce an equivalent series resistance and the 

http://en.wikipedia.org/wiki/Rheostat
http://en.wikipedia.org/wiki/Potentiometer
http://en.wikipedia.org/wiki/Voltage_divider
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dielectric has an electric field strength limit resulting in a breakdown voltage. 

. The properties of capacitors in a circuit may determine the resonant frequency and 

quality factor of a resonant circuit, power dissipation and operating frequency in a digital logic 

circuit, energy capacity in a high-power system, and many other important aspects -sweep 

oscilloscopes of recent decades included one on their panels. A capacitor (formerly known as 

condenser) is a device for storing electric charge. The forms of practical capacitors vary widely, 

but all contain at least two conductors separated by a non-conductor. Capacitors used as parts of 

electrical systems, for example, consist of metal foils separated by a layer of insulating film. 

Capacitors are widely used in electronic circuits for blocking direct current while 

allowing alternating current to pass, in filter networks, for smoothing the output of power 

supplies, in the resonant circuits that tune radios to particular frequencies and for many other 

purposes. 

A capacitor is a passiveelectronic component consisting of a pair of conductors separated 

by a dielectric (insulator). When there is a potential difference (voltage) across the conductors, a 

static electric field develops in the dielectric that stores energy and produces a mechanical force 

between the conductors. An ideal capacitor is characterized by a single constant value, 

capacitance, measured in farads. This is the ratio of the electric charge on each conductor to the 

potential difference between them. The capacitance is greatest when there is a narrow separation 

between large areas of conductor, hence capacitor conductors are often called "plates", referring 

to an early means of construction. In practice the dielectric between the plates passes a small 

amount of leakage current and also has an electric field strength limit, resulting in a breakdown 

voltage, while the conductors and leads introduce an undesired inductance and resistance. 

 

Theory of operation 
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 Capacitance Charge separation in a parallel-plate capacitor causes an internal electric field. A 

dielectric (orange) reduces the field and increases the capacitance. 

 

 

A simple demonstration of a parallel-plate capacitor 

A capacitor consists of two conductors separated by a non-conductive region. The non-

conductive region is called the dielectric or sometimes the dielectric medium. In simpler terms, 

the dielectric is just an electrical insulator. Examples of dielectric mediums are glass, air, paper, 

 

                                                      

                                

vacuum, and even a semiconductor depletion region chemically identical to the conductors. A 

capacitor is assumed to be self-contained and isolated, with no net electric charge and no 

influence from any external electric field. The conductors thus hold equal and opposite charges 

on their facing surfaces, and the dielectric develops an electric field. In SI units, a capacitance of 

one farad means that one coulomb of charge on each conductor causes a voltage of one volt  

across the device.  

http://en.wikipedia.org/wiki/Capacitance
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The capacitor is a reasonably general model for electric fields within electric circuits. An ideal 

capacitor is wholly characterized by a constant capacitance C, defined as the ratio of charge ±Q 

on each conductor to the voltage V between them:  

 

Sometimes charge build-up affects the capacitor mechanically, causing its capacitance to vary. In 

this case, capacitance is defined in terms of incremental changes: 
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5. SOFTWARE REQUIREMENTS 

5.1 INTRODUCTION TO KEIL MICRO VISION (IDE) 

 Keil an ARM Company makes C compilers, macro assemblers, real-time kernels, 

debuggers, simulators, integrated environments, evaluation boards, and emulators for 

ARM7/ARM9/Cortex-M3, XC16x/C16x/ST10, 251, and 8051 MCU families. 

 Keil development tools for the 8051 Microcontroller Architecture support every level of 

software developer from the professional applications engineer to the student just learning about 

embedded software development. When starting a new project, simply select the microcontroller 

you use from the Device Database and the µVision IDE sets all compiler, assembler, linker, and 

memory options for you. 

  Keil is a cross compiler. So first we have to understand the concept of compilers and 

cross compilers. After then we shall learn how to work with keil. 

5.2 CONCEPT OF COMPILER  

Compilers are programs used to convert a High Level Language to object code. Desktop 

compilers produce an output object code for the underlying microprocessor, but not for other 

microprocessors. I.E the programs written in one of the HLL like ‘C’ will compile the code to 

run on the system for a particular processor like x86 (underlying microprocessor in the 

computer). For example compilers for Dos platform is different from the Compilers for Unix 

platform  So if one wants to define a compiler then compiler is a program that translates source 

code into object code. 

 The compiler derives its name from the way it works, looking at the entire piece of 

source code and collecting and reorganizing the instruction. See there is a bit little difference 

between compiler and an interpreter. Interpreter just interprets whole program at a time while 

compiler analyses and execute each line of source code in succession, without looking at the 

entire program.   

The advantage of interpreters is that they can execute a program immediately. Secondly 

programs produced by compilers run much faster than the same programs executed by an 

interpreter. However compilers require some time before an executable program emerges. Now 

as compilers translate source code into object code, which is unique for each type of computer 

many compilers are available for the same language.   
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5.3 CONCEPT OF CROSS COMPILER 

  A cross compiler is similar to the compilers but we write a program for the target 

processor (like 8051 and its derivatives) on the host processors (like computer of x86). It means 

being in one environment you are writing a code for another environment is called cross 

development. And the compiler used for cross development is called cross compiler. So the 

definition of cross compiler is a compiler that runs on one computer but produces object code for 

a different type of computer. 

5.4  KEIL C CROSS COMPILER 

   Keil is a German based Software development company. It provides several      development 

tools like 

•         IDE (Integrated Development environment) 

•         Project Manager 

•         Simulator 

•         Debugger 

•         C Cross Compiler, Cross Assembler, Locator/Linker 

 

The Keil ARM tool kit includes three main tools, assembler, compiler and linker. An 

assembler is used to assemble the ARM assembly program. A compiler is used to compile the C 

source code into an object file. A linker is used to create an absolute object module suitable for 

our in-circuit emulator.  

5.5 Building an Application in µVision2 

To build (compile, assemble, and link) an application in µVision2, you must: 

1. Select Project -(forexample,166\EXAMPLES\HELLO\HELLO.UV2). 

2. Select Project - Rebuild all target files or Build target.µVision2 compiles, assembles, and 

links the files in your project. 

3.  

5.6 Creating Your Own Application in µVision2 

     To create a new project in µVision2, you must: 

1. Select Project - New Project. 

2. Select a directory and enter the name of the project file. 
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3. Select Project - Select Device and select an 8051, 251, or C16x/ST10 device from the 

Device Database™. 

4. Create source files to add to the project. 

5. Select Project - Targets, Groups, Files. Add/Files, select Source Group1, and add the 

source files to the project. 

6. Select Project - Options and set the tool options. Note when you select the target device 

from the Device Database™ all special options are set automatically. You typically only 

need to configure the memory map of your target hardware. Default memory model 

settings are optimal for most applications. 

7. Select Project - Rebuild all target files or Build target. 

5.7 Debugging an Application in µVision2 

To debug an application created using µVision2, you must: 

1. Select Debug - Start/Stop Debug Session. 

2. Use the Step toolbar buttons to single-step through your program. You may enter G, main 

in the Output Window to execute to the main C function. 

3. Open the Serial Window using the Serial #1 button on the toolbar. 

Debug your program using standard options like Step, Go, Break, and so on. 

5.8 Starting µVision2 and Creating a Project 

µVision2 is a standard Windows application and started by clicking on the program icon. 

To create a new project file select from the µVision2 menu Project – New Project…. This opens 

a standard Windows dialog that asks you for the new project file name. We suggest that you use  

a separate folder for each project. You can simply use the icon Create New Folder in this dialog 

to get a new empty folder. Then select this folder and enter the file name for the new project, i.e. 

Project1. µVision2 creates a new project file with the name PROJECT1.UV2 which contains a 

default target and file group name. You can see these names in the Project. 

5.9 Window – Files. 

Now use from the menu Project – Select Device for Target and select a CPU for your 

project. The Select Device dialog box shows the µVision2 device data base. Just select the 

microcontroller you use. We are using for our examples the Philips 80C51RD+ CPU. This 

selection sets necessary tool Options for the 80C51RD+ device and simplifies in this way the 

tool Configuration.  
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5.10 Building Projects and Creating a HEX Files 

Typical, the tool settings under Options – Target are all you need to start a new 

application. You may translate all source files and line the application with a click on the Build 

Target toolbar icon. When you build an application with syntax errors, µVision2 will display 

errors and warning messages in the Output Window – Build page. A double click on a message 

line opens the source file on the correct location in a µVision2 editor window. Once you have 

successfully generated your application you can start debugging. 

After you have tested your application, it is required to create an Intel HEX file to 

download the software into an EPROM programmer or simulator. µVision2 creates HEX files 

with each build process when Create HEX files under Options for Target – Output is enabled. 

You may start your PROM programming utility after the make process when you specify the 

program under the option Run User Program #1. 

5.11 CPU Simulation 

µVision2 simulates up to 16 Mbytes of memory from which areas can be mapped for read, write, 

or code execution access. The µVision2 simulator traps  and reports illegal memory accesses. In 

addition to memory mapping, the simulator also provides support for the integrated peripherals 

of the various 8051 derivatives. The on-chip peripherals of the CPU you have selected are 

configured from the Device .  

5.12 Database selection 

You have made when you create your project target. Refer to page 58 for more 

Information about selecting a device. You may select and display the on-chip peripheral 

components using the Debug menu. You can also change the aspects of each peripheral using the 

controls in the dialog boxes. 

5.13 Start Debugging 

You start the debug mode of µVision2 with the Debug – Start/Stop Debug 

Session  Command. Depending on the Options for Target – Debug Configuration, µVision2 will 

load the application program and run the startup code µVision2 saves the editor screen layout 

and restores the screen layout of the last debug session. If the program execution stops, µVision2 

opens an editor window with the source text or shows CPU instructions in the disassembly 

window. The next executable statement is marked with a yellow arrow. During debugging, most 
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editor features are still available.  

For example, you can use the find command or correct program errors. Program source 

text of your application is shown in the same windows. The µVision2 debug mode differs from 

the edit mode in the following aspects: 

_ The “Debug Menu and Debug Commands” described on page 28 are available. The additional 

debug windows are discussed in the following. 

_ The project structure or tool parameters cannot be modified. All build commands are disabled. 

5.14 Disassembly Window 

The Disassembly window shows your target program as mixed source and assembly 

program or just assembly code. A trace history of previously executed instructions may be 

displayed with Debug – View Trace Records. To enable the trace history, set Debug – 

Enable/Disable Trace Recording. If you select the Disassembly Window as the active window all 

program step commands work on CPU instruction level rather than program source lines. You 

can select a text line and set or modify code breakpoints using toolbar buttons or the context 

menu commands. 

You may use the dialog Debug – Inline Assembly… to modify the CPU instructions. 

That allows you to correct mistakes or to make temporary changes to the target program you are 

debugging. Numerous example programs are included to help you get started with the most 

popular embedded 8051 devices. 

The Keil µVision Debugger accurately simulates on-chip peripherals (I²C, CAN, UART, 

SPI, Interrupts, I/O Ports, A/D Converter, D/A Converter, and PWM Modules) of your 8051 

device. Simulation helps you understand hardware configurations and avoids time wasted on 

setup problems. Additionally, with simulation, you can write and test applications before target 

hardware is available.  
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5.15 EMBEDDED C 

            Use of embedded processors in passenger cars, mobile phones, medical equipment, 

aerospace systems and defense systems is widespread, and even everyday domestic appliances 

such as dish washers, televisions, washing machines and video recorders now include at least one 

such device. 

Because most embedded projects have severe cost constraints, they tend to use low-cost 

processors like the 8051 family of devices considered in this book. These popular chips have 

very limited resources available most such devices have around 256 bytes (not megabytes!) of 

RAM, and the available processor power is around 1000 times less than that of a desktop 

processor. As a result, developing embedded software presents significant new challenges, even 

for experienced desktop programmers.  If you have some programming experience - in C, C++ 

or Java - then this book and its accompanying CD will help make your move to the embedded 

world as quick and painless as possible. 
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                               6. DESCRIPTION OF THE PROJECT 

6.1 POWER SUPPLY 

The circuit uses standard power supply comprising of a step-down transformer from 

230Vto 12V and 4 diodes forming a bridge rectifier that delivers pulsating dc which is then 

filtered by an electrolytic capacitor of about 470µF to 1000µF. The filtered dc being 

unregulated, IC LM7805 is used to get 5V DC constant at its pin no 3 irrespective of input DC 

varying from 7V to 15V. The input dc shall be varying in the event of input ac at 230volts 

section varies from 160V to 270V in the ratio of the transformer primary voltage V1 to 

secondary voltage V2 governed by the formula V1/V2=N1/N2. As N1/N2 i.e. no. of turns in the 

primary to the no. of turns in the secondary remains unchanged V2 is directly proportional to 

V1.Thus if the transformer delivers 12V at 220V input it will give 8.72V at 160V.Similarly at 

270V it will give 14.72V.Thus the dc voltage at the input of the regulator changes from about 

8V to 15V because of A.C voltage variation from 160V to 270V the regulator output will remain 

constant at 5V.  

The regulated 5V DC is further filtered by a small electrolytic capacitor of 10µF for any noise so 

generated by the circuit. One LED is connected of this 5V point in series with a current limiting 

resistor of 330Ω to the ground i.e., negative voltage to indicate 5V power supply availability. 

The unregulated 12V point is used for other applications as and when required. 

 

6.2 STANDARD CONNECTIONS TO 8051 SERIES MICRO CONTROLLER 

 

              ATMEL series of 8051 family of micro controllers need certain standard 

connections. The actual number of the Microcontroller could be “89C51”   , “89C52”, 

“89S51”, “89S52”, and as regards to 20 pin configuration a number of “89C2051”. The 4 

set of I/O ports are used based on the project requirement. Every microcontroller requires 

a timing reference for its internal  

program execution therefore an oscillator needs to be functional with a desired frequency to 

obtain the timing reference as t =1/f. 

             A crystal ranging from 2 to 20 MHz is required to be used at its pin number 18 and 19 for 

the internal oscillator. It may be noted here the crystal is not to be understood as crystal oscillator 
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It is just a crystal, while connected to the appropriate pin of the microcontroller it results in   

oscillator function inside the microcontroller. Typically 11.0592 MHz crystal is used   in general 

for most of the circuits using 8051 series microcontroller. Two small value ceramic capacitors of 

33pF each is used as a standard connection for the crystal as shown in the circuit diagram. 

 

RESET 

Pin no 9 is provided with an re-set arrangement by a combination of an electrolytic 

capacitor and a register forming RC time constant. At the time of switch on, the capacitor gets 

charged, and it behaves as a full short circuit from the positive to the pin number 9. After the 

capacitor gets fully charged the current stops flowing and pin number 9 goes low which is pulled 

down by a 10k resistor to the ground. This arrangement of reset at pin 9 going high initially and 

then to logic 0 i.e., low helps the program execution to start from the beginning. In absence of 

this the program execution could have taken place arbitrarily anywhere from the program cycle. 

A pushbutton switch is connected across the capacitor so that at any given time as desired it can 

be pressed such that it discharges the capacitor and while released the capacitor starts charging 

again and then pin number 9 goes to high and then back to low, to enable the program execution 

from the beginning. This operation of high to low of the reset pin takes place in fraction of a 

second as decided by the time constant R and C. 

For example:  A 10µF capacitor and a 10kΩ resistor would render a 100ms time to pin number 9 

from logic high to low, there after the pin number 9 remains low.    

External Access(EA): 

Pin no 31 of 40 pin 8051 microcontroller termed as EA¯ is required to be connected to 5V for 

accessing the program form the on-chip program memory. If it is connected to ground then the 

controller accesses the program from external memory. However as we are using the internal 

memory it is always connected to +5V  

COMPARATOR  

Potential dividers are connected to the inverting and non inverting inputs of the op-amp               

to give some voltage at these terminals. Supply voltage is given to +Vss and –Vss is connected 

to ground. The output of this comparator will be logic high (i.e., supply voltage) if the non-

inverting terminal input is greater than the inverting terminal input of the comparator.  

i.e., Non inverting input (+) > inverting input (-) = output is logic high 
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 If the inverting terminal input is greater than the non-inverting terminal input then the 

output of the comparator will be logic low (i.e., gnd) 

 

i.e., inverting input (-) > Non inverting input (+) = output is logic low  

 

 

 

 

 

 

 

                                                                   SCR IN ANTI PARALLEL: 

 

During the positive half cycle of main current, the current flows from phase to the load through 

SCR. During negative half cycle flows from load side to the phase during this time another SCR 

comes into picture. 

 Two SCR’S are connected back to back and are triggered from Opto-isolatorsU9 and 

U10. MOC3063 Opto-isolator is a LED-TRIAC combination. Two Opto-isolator input leds are 

connected in series  while their output diac are used for triggering each SCR. One inductor 

/choke in series with a bulb of 100W is connected in series with  a pair of SCRs U11 and U12 

connected in anti parallel .R28 and C7 are used as a snubber network across the SCRs for 

inductive nature of load                               
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                                                      FIG 6.DESCRIPTION DIAGRAM OF PROJECT 
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6.3 OPERATION EXPLANATION 

 

CONNECTIONS 

The output of power supply which is 5v is connected to the 40th pin of microcontroller and gnd 

to the 20th pin or pin 20 of microcontroller. Port 0.0 of microcontroller is connected to Pin 2 of 

opto-isolator U10. Port 0.5 to 0.7 of microcontroller is connected to Pin 4, 5 and 6 of LCD 

display. Port 2.0 to 2.7 of microcontroller is connected to Pin 7 to 14 of data pins of LCD 

display. Port 3.1 of microcontroller is connected to output of the OP-Amp (A) LM339. Port 3.3 

the shunt capacitors. 

 

Description of ZVS: 

qwo[ /.pIn order to generate ZVP (Zero crossing Voltage Pulses) first we need to step 

down the supply voltage to 12 V and then it is converted into pulsating D.C. Then with the help 

of potential divider the voltage of 3 V is taken, which is given to a comparator. The comparator 

generates the zero crossing pulses by comparing this pulsating D.C with a constant D.C voltage 

of 0.6 V which is taken across a diode. Similarly for ZVC (Zero crossing Current Pulses) the 

voltage drop proportional to the load current across a resistor is taken and is stepped up to 

generate ZVC same as above. The zero crossing pulses from a pulsating D.C are shown in the 

figure.  

6.4 CIRCUIT EXPLAINATION: 

This circuit consists of DC power supply unit, zero voltage crossing detectors, Micro-controller, 

LCD display, opto-isolator, SCR and Capacitor. Let us see how it operates. The required DC 

power supply for Micro-controller and other peripherals is supplied by the DC power supply.  

 

For the calculation of the power factor by the Micro-controller we need digitized voltage and 

current signals. The voltage signal from the mains is taken and it is converted into pulsating DC 

by bridge rectifier and is given to a comparator which generates the digital voltage signal. 

Similarly the current signal is converted into the voltage signal by taking the voltage drop of the 
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load current across a resistor of 10 ohms. This A.C signal is again converted into the digital 

signal as done for the voltage signal. Then these digitized voltage and current signals are sent to 

the micro-controller. The micro-controller calculates the time difference between the zero 

crossing points of current and voltage, which is directly proportional to the power factor and it 

determines the range in which the power factor is. Micro-controller sends information regarding 

time difference between current and voltage and power factor to the LCD display to display 

them, Depending on the range it sends the signals to the opto-isolators that in turn switch ON 

back to back connected SCRs (power switches) to bring the capacitors in shunt across the load. 

Thus, the required numbers of capacitors are connected in parallel to the load as required. By this 

the power factor will be improved. 
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7.Voltage improvement Test Layout: 

An arrangement with supply source 230v, one  lamp, 2  numbers low value resistors of 10R/10W  

for measuring current ,a choke are all connected in series. Capacitors are connected in parallel 

while  SCR switches are used to switch the inductor to improve voltage . A CT is used the 

primary side of which is connected to the common point of the resistors . The other point of the 

CT goes to the one of the common point of a supply. The CT connects  across left 10R/10W and 

the voltage drop proportional to the current is sensed by it to develop increased voltage at its 

primary. This voltage is given to the current sensing circuit. While no inductor are switched the 

voltage drop across both 10R/10W are same. This voltage drop is proportional to leading current. 

Thus the primary voltage from the CT provides leading current reference to the current sensing 

circuit. The microcontroller based control circuit thus receives zero current reference and 

compares with the zero voltage reference for calculating the their time difference. 

Microcontroller output develops logic high for appropriate no. of port pins to feed to opto-

couplers to help switching SCRs for inductor come in parallel to the inductive load that is the 

capacitor. So depending on the time difference required no. of SCR switches are switched, there 

by switching inductor till the voltage is corrected .  

.                      
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                           Fig 7.1  Layout diagram              
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8.CODING 
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9. RESULTS 

 

             

 

 

                     Fig 9.1  FACTS BY THYRISTOR SWITCHED REACTOR(TSR) 
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                               Fig 9.2 UNDER WORKING CONDITION 
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                                     Fig 9.3  UNDER HIGH VOLTAGE CONDITION 
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                          Fig 9.4  UNDER NORMAL VOLTAGE CONDITION 
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10. CONCLUSIONS 

 

 A Flexible AC Transmitter System (FACTS) consists of static equipment which is used 

for AC transmission of electrical signals. It is used to increase controllability and to 

increase power transfer capability of an AC transmission system. This project can be 

enhanced by using firing angle control methodology for smooth control of voltage. 

 Flexible AC Transmitter System increases the reliability of AC grids and reduces power 

delivery cost. They also increase the quality of transmission and efficiency of power 

transmission. 

 

 

 

 

 

 

 

 

 

 

https://www.elprocus.com/alternating-current-and-direct-current-and-its-applications/
https://www.elprocus.com/alternating-current-and-direct-current-and-its-applications/
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                                                              PROJECT PROFORMA 

  
 

 

  

 

 

 

 

 

 

 

 

 

 

Note: Tick Appropriate category. 

Project Outcomes 

Use new tools. Outcome 1 

Outcome 2 

Outcome 3 
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Work as an individual and in a team. 

Analyze critically. 

Identify and solve problems. 

Product Research Review 
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Application 

✓  
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Outcome 1 

Outcome 2 
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Project 

2 

3 

3 

3 

1 

2 

2 

3 

2 

2 
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1 

1 

1 

2 

2 

3 

3 

1 

2 
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2 

1 

2 

3 

2 
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3 

1 

1 

1 
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1 

2 

2 

1 

1 

1 

3 

2 

2 

2 

2 

1 

2 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based on level of mapping 
as follows: 

1 

1 

2 

2 

1-Slightly (Low) mapped 2-Moderately (Medium) mapped 3-Substantially (High) mapped 

1 

1 

2 

2 
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Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of  the information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 



72 
 

 

7. Environment and sustainability: Understand the impact of the professional engineering  

    solutions in societal and environmental contexts, and  demonstrate the knowledge of,  

    and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

    norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 
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Programme Specific Outcomes(PSO) 

1. Apply the knowledge of circuit design, analog& digital electronics to the field of electrical 

and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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ABSTRACT 

 

The most important problem that is currently experienced by most of the cities is 

waste management. The factors which directly affect this problem are: an increase in urban 

areas and rapid population growth. In this project, a system is introduced to manage waste in 

big cities effectively without having to monitor the parts 24x7 manually. 

Hence the problem of unorganized and non-systematic waste collection is solved by 

designing an embedded IoT system which will monitor each dumpster individually for waste 

deposited. Here an automated system is provided for segregating wet and dry waste. A 

mechanical setup can be used for separating wet, dry and metallic waste into separating 

containers. The presence of any waste can be detected using an IR sensor. For detecting wet 

waste, a moisture sensor can be used and for detecting metallic waste, a metallic sensor is 

used. In this process, if only IR is detected motor will rotate in the direction of the dry waste 

container. If IR sensor and metallic sensor are detected, it will go to the metallic waste 

container and if IR and moisture sensors are detected, it will rotate in the direction of wet 

waste. All these containers are embedded with ultrasonic sensors so that, if the bin is half 

full, a message will be sent to the corporation using IoT. 

This makes it possible to measure the amount of waste in the containers is full then 

an alert message will be sent to the corresponding personal using IoT. 
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CHAPTER-1 

INTRODUCTION 

 

 1.1 OVERVIEW  

Waste management is all the activities and actions required to manage waste from its 

inception to its final disposal. This includes collection, transportation, treatment and disposal 

of waste together with monitoring and regulation. Waste collection methods vary widely 

among different countries and regions. Domestic waste collection services are often provided 

by local government authorities.  

Curbside collection is the most common method of disposal in most countries, in 

which waste is collected at regular intervals by specialized trucks. Waste collected is then 

transported to an appropriate disposal area.  

Now a days, cities with developing economies experience exhausted waste collection 

services, inadequately managed and uncontrolled dumpsites and the problems are worsening 

[2]. Waste collection method in such countries is an on-going challenge and many struggle 

due to weak institutions and rapid urbanization. 

 

1.2 NEED FOR IMPROVEMENT IN WASTE MANAGEMENT 

SYSTEM  

 

▪ By 2030, almost two-third of the world’s population will be living in cities. This fact 

requires the development of sustainable solutions for urban life, managing waste is a 

key issue for the health.  

▪ Efficient and energy-saving waste management, reducing CO2, air pollution and 

vehicle exhaust emissions--these are just a few examples for the demands of future 

cities. In views of that, the efficient use and responsible handling of resources become 

more important.  

▪ Effectively managing waste is important in developed countries. Waste management 

may swallow up to 50% of a city’s budget, but only serve a small part of the 

population.  
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▪ Sometimes, up to 60% of waste is not being collected, it is often simply burned by 

the roadside. It can pollute drinking water; it can spread diseases to people living 

nearby.  

▪ Even with great route optimization, the worker must still physically go to the dustbin 

to check waste levels. Because of this, trucks often visit containers that do not need 

emptying, which wastes both time and fuel. 

▪ Waste management prevents harm to human health and the environment by reducing 

the volume and hazardous character of residential and industrial waste.  

▪ Improving proper waste management will reduce pollution, recycle useful materials 

and create more green energy. 

1.3 PROJECT DESCRIPTION 

 The project description will explain us the existing system for waste management in 

the society and then the proposed system with many of its advantages. 

 

1.3.1 EXISTING SYSTEM 

In the existing system there is no indication whether the dustbin is full or empty. In 

some places, the waste will not be separated and so it can’t be recycled. The corporation will 

collect the garbage by weekly once or by 2 days once, though the garbage shrinks or 

overflows the bin and pollutes the environment. This will cause severe consequences.  

 

Limitations of the existing system: 

▪ Time consuming and less effective.  

▪ A recheck is to be done every day. 

▪ Unhygienic environment.  

▪ Cause illness to human beings. 

 

1.3.2 PROPOSED SYSTEM 

 The proposed method for the management of waste is efficient and time saving 

process. The ultrasonic sensor which is placed in the dustbin will detect the depth of the waste 

and the data will be sent to the corporation using IoT. It maintains dry waste, metallic waste 

and wet waste separately. This can be implemented at any place with ease and within 

reasonable amount of time and reliable with long distance coverage. 
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Advantages of proposed system: 

▪ It is a time saving process. 

▪ Less human effort. 

▪ A 24x7 monitoring of bins will be done. 

▪ Recycling of waste (if any) can be done easily. 

▪ Waste separation can be done efficiently. 

1.4 WORKING OF PROPOSED SYSTEM 

 

 When the waste is dumped in a bin, as every object is detected by the IR sensor, the 

waste (maybe of any type) will be detected by IR sensor. Then the inductive proximity sensor 

will try to sense the metallic waste. If the metallic waste is detected, then the waste will be 

dumped into the bin with metallic waste. If there is no metallic waste then, comes the rain 

sensor and it tries to sense if there is any moisture content in the waste. If the rain sensor 

detects any moisture content, then the information will be sent to Arduino. Then if both IR 

sensor and rain sensor are detected, the waste will be dumped in the bin with wet waste. If 

only IR sensor is detected, then the waste will be dumped into the bin with dry waste. 

 In this process of dumping the waste into three bins, if the waste in any of the bins 

exceeded the indicated level which will be sensed by ultrasonic sensor, then an alert message 

will be displayed on blynk app indicating ‘net is to be filling’ on mobile. 

Then the corresponding corporation workers will try to collect the waste from the dumpsters. 

This method is sophisticated one and if further modifications are done, it can be used very 

well in day-to-day life. 
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CHAPTER-2 

BLOCK DIAGRAM AND CIRCUIT DIAGRAM 

 
 2.1 BLOCK DIAGRAM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig 2.1 : Block Diagram 

 

 

2.1.1 DESCRIPTION OF BLOCK DIAGRAM 

 

               The block diagram of Smart Waste management system is shown in fig 2.1. Here 

Arduino Nano controls the whole process. All the sensors required to detect the waste i.e. 

metallic sensor, IR sensor and rain sensor are connected to Arduino itself. Based on the 

detection of the sensors, Arduino will send the information to DC motor to rotate in that 

direction based on the delay angle and then the waste will be dumped into the resulting 

dumpster.  

                The ESP8266 module connected to the Arduino will also be connected to the 

ultrasonic sensor. The ultrasonic sensor will detect the distance from the top of the bin and if 

the waste crosses the indicated level, a message will be displayed on blynk application on 

mobile using IoT. 

Metallic 
sensor ARDUINO 

NANO 
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2.2 CIRCUIT DIAGRAM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.2: Circuit diagram 
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CHAPTER-3 

ARDUINO NANO 

Arduino is a software company, project, and user community that designs and 

manufactures computer open-source hardware, open-source software, and microcontroller-

based kits for building digital devices and interactive objects that can sense and control 

physical devices. 

 Arduino board designs use a variety of microprocessors and controllers. The boards 

are equipped with sets of digital and analog input/output (I/O) pins that may be interfaced to 

various expansion boards ('shields') or breadboards (For prototyping) and other circuits. The 

boards feature serial communications interfaces, including Universal Serial Bus (USB) on 

some models, which are also used for loading programs from personal computers. The 

microcontrollers can be programmed using C and C++ programming languages. In addition 

to using traditional compiler toolchains, the Arduino project provides an integrated 

development environment (IDE) based on the Processing language project. 

 

3.1 INTRODUCTION TO ARDUINO NANO 

▪ Arduino Nano is a small, compatible, flexible and breadboard friendly 

Microcontroller board, developed by Arduino.cc in Italy, based on ATmega328p 

(Arduino Nano V3.x) / Atmega168 (Arduino Nano V3.x). 

▪ It comes with the same functionality as in Arduino UNO but quite in small size. 

▪ It comes with an operating voltage of 5V however, the input voltage can vary from 7 

to 12V. 

▪ Arduino Nano Pinout contains 14 digital pins, 8 analog Pins, 2 Reset Pins & 6 Power 

Pins. 

▪ Each of these Digital & Analog Pins are assigned with multiple functions but their 

main function is to be configured as input or output. 

▪ They are acted as input pins when they are interfaced with sensors, but if you are 

driving some load then use them as output. 

▪ Functions like pinMode() and digitalWrite()  are used to control the operations of 

digital pins while analogRead() is used to control analog pins. 

▪ The analog pins come with a total resolution of 10bits which measure the value from 

zero to 5V. 

https://en.wikipedia.org/wiki/Microprocessor
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Breadboards
https://en.wikipedia.org/wiki/Universal_Serial_Bus
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/C%2B%2B
https://en.wikipedia.org/wiki/Programming_language
https://en.wikipedia.org/wiki/Compiler
https://en.wikipedia.org/wiki/Toolchains
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Processing_(programming_language)
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▪ Arduino Nano comes with a crystal oscillator of frequency 16 MHz. It is used to 

produce a clock of precise frequency using constant voltage. 

▪ There is one limitation using Arduino Nano i.e. it doesn’t come with DC power jack, 

means you cannot supply external power source through a battery. 

▪ This board doesn’t use standard USB for connection with a computer, instead, it 

comes with Mini USB support. 

▪ Tiny size and breadboard friendly nature make this device an ideal choice for most of 

the applications where a size of the electronic components are of great concern. 

▪ Flash memory is 16KB or 32KB that all depends on the Atmega board i.e Atmega168 

comes with 16KB of flash memory while Atmega328 comes with a flash memory of 

32KB. Flash memory is used for storing code. The 2KB of memory out of total flash 

memory is used for a bootloader. 

▪  

 

 

Fig 3.1: Arduino Nano 
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3.2 TECHNICAL SPECIFICATIONS 

 

Table 3.1: Technical specifications of Arduino NANO 

 

 

3.3 ARDUINO NANO PINOUTS 

▪ Each pin on the Nano board comes with a specific function associated with it. 

▪ We can see the analog pins that can be used as an analog to digital converter where 

A4 and A5 pins can also be used for I2C communication. Similarly, there are 14 

digital pins, out of which 6 pins are used for generating PWM. 
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Fig 3.2: Arduino Nano pinouts 

 

3.3.1 Pin Description 

Vin: It is input power supply voltage to the board when using an external power source of 7 

to 12 V. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5V: It is a regulated power supply voltage of the board that is used to power the controller 

and other components placed on the board. 

 

https://www.theengineeringprojects.com/wp-content/uploads/2018/06/introduction-to-arduino-nano-6.png
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3.3V: This is a minimum voltage generated by the voltage regulator on the board. 

 

 
 

GND: These are the ground pins on the board. There are multiple ground pins on the board 

that can be interfaced accordingly when more than one ground pin is required. 

 

 
 

https://www.theengineeringprojects.com/wp-content/uploads/2018/06/introduction-to-arduino-nano-7.png
https://www.theengineeringprojects.com/wp-content/uploads/2018/06/introduction-to-arduino-nano-8.png
https://www.theengineeringprojects.com/wp-content/uploads/2018/06/introduction-to-arduino-nano-9.png


 

 

11 

 

Reset: Reset pin is added on the board that resets the board. It is very helpful when running 

program goes too complex and hangs up the board. LOW value to the reset pin will reset the 

controller. 

 

 
 

Analog Pins: There are 8 analog pins on the board marked as A0 – A7. These pins are used 

to measure the analog voltage ranging between 0 to 5V. 

 

 
 

Rx, Tx: These pins are used for serial communication where Tx represents the transmission 

of data while Rx represents the data receiver. 

 

 
 

13: This pin is used to turn on the built-in LED. 

https://www.theengineeringprojects.com/wp-content/uploads/2018/06/introduction-to-arduino-nano-10.png
https://www.theengineeringprojects.com/wp-content/uploads/2018/06/introduction-to-arduino-nano-11.png
https://www.theengineeringprojects.com/wp-content/uploads/2018/06/introduction-to-arduino-nano-12.png
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AREF: This pin is used as a reference voltage for the input voltage. 

PWM: Six pins 3,5,6,9,10, 11 can be used for providing 8-pit PWM (Pulse Width 

Modulation) output. It is a method used for getting analog results with digital sources. 

SPI: Four pins 10(SS),11(MOSI),12(MISO),13(SCK) are used for SPI (Serial Peripheral 

Interface). SPI is an interface bus and mainly used to transfer data between microcontrollers 

and other peripherals like sensors, registers, and SD card. 

External Interrupts: Pin 2 and 3 are used as external interrupts which are used in case of 

emergency when we need to stop the main program and call important instructions at that 

point. The main program resumes once interrupt instruction is called and executed. 

I2C: I2C communication is developed using A4 and A5 pins where A4 represents the serial 

data line (SDA) which carries the data and A5 represents the serial clock line (SCL) which 

is a clock signal, generated by the master device, used for data synchronization between the 

devices on an I2C bus. 

 

 
Fig 3.3: Pin description 

 

3.4 PROGRAMMING 

▪ It is programmed using Arduino IDE which is an Integrated Development 

Environment that runs both offline and online. 

▪ No prior arrangements are required to run the board. All you need is board, mini USB 

cable and Arduino IDE software installed on the computer. USB cable is used to 

transfer the program from computer to the board. 
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▪ No separate burner is required to compile and burn the program as this board comes 

with a built-in boot-ladder. 

The Arduino Nano can be programmed with the Arduino software (download). Select 

"Arduino Diecimila, Duemilanove, or Nano w/ ATmega168" or "Arduino Duemilanove or 

Nano w/ ATmega328" from the Tools > Board menu (according to the microcontroller on 

your board). 

The ATmega168 or ATmega328 on the Arduino Nano comes preburned with a 

bootloader that allows you to upload new code to it without the use of an external hardware 

programmer. It communicates using the original STK500 protocol (reference, C header files). 

3.5  COMMUNICATION 

▪ The Nano device comes with an ability to set up a communication with other 

controllers and computers. The serial communication is carried out by the digital pins 

like pin 0 (Rx) and pin 1 (Tx) where Rx is used for receiving data and Tx is used for 

the transmission of data. The serial monitor is added on the Arduino Software which 

is used to transmit textual data to or from the board. FTDI drivers are also included 

in the software which behave as a virtual com port to the software. 

▪ The Tx and Rx pins come with an LED which blinks as the data is transmitted 

between FTDI and USB connection to the computer. 

▪ Arduino Software Serial Library is used for carrying out a serial communication 

between the board and the computer. 

▪ Apart from serial communication the Nano board also support I2C and SPI 

communication. The Wire Library inside the Arduino Software is accessed to use the 

I2C bus. 

▪ The Arduino Nano is programmed by Arduino Software called IDE which is a 

common software used for almost all types of board available. Simply download the 

software and select the board you are using. There are two options to program the 

controller i.e either by the bootloader that is added in the software which sets you free 

from the use of external burner to compile and burn the program into the controller 

and another option is by using ICSP (In-circuit serial programming header). 
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▪ Arduino board software is equally compatible with Windows, Linux or MAC, 

however, Windows are preferred to use. 

3.6  APPLICATIONS 

 

Arduino Nano is a very useful device that comes with a wide range of applications and 

covers less space as compared to other Arduino board. Breadboard friendly nature makes it 

stand out from other board. Following are the main applications of the board. 

• Arduino Metal Detector 

• Real-Time Face Detection 

• Medical Instruments 

• Industrial Automation 

• Android Applications 

• GSM Based Projects 

• Embedded Systems 

• Automation and Robotics 

• Home Automation and Defense Systems 

• Virtual Reality Applications 

 

 

 

 

 

 

 

 

 

 

https://www.theengineeringprojects.com/2016/10/what-is-embedded-systems.html
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CHAPTER-4 

NODE MCU(ESP8266) 

NodeMCU is an open source firmware for which open source prototyping board 

designs are available. The name "NodeMCU" combines "node" and "MCU" (micro-

controller unit).[8]. The term "NodeMCU" strictly speaking refers to the firmware rather than 

the associated development kits. 

 

 

Fig 4.1 Node MCU 

 

4.1 INTRODUCTION 

ESP8266EX offers a complete and self-contained WiFi networking solution; it can 

be used to host the application or to offload WiFi networking functions from another 

application processor. When ESP8266EX hosts the application, it boots up directly from an 

external flash. In has integrated cache to improve the performance of the system in such 

applications. Alternately, serving as a WiFi adapter, wireless internet access can be added to 

any micro controllerbased design with simple connectivity (SPI/SDIO or I2C/UART 

interface). 

ESP8266EX is among the most integrated WiFi chip in the industry; it integrates the 

antenna switches, RF balun, power amplifier, low noise receive amplifier, filters, power 

management modules, it requires minimal external circuitry, and the entire solution, 

including front-end module, is designed to occupy minimal PCB area. ESP8266EX also 

https://en.wikipedia.org/wiki/Prototyping
https://en.wikipedia.org/wiki/Node_(computer_science)
https://en.wikipedia.org/wiki/Micro-controller
https://en.wikipedia.org/wiki/Micro-controller
https://en.wikipedia.org/wiki/NodeMCU#cite_note-8
https://en.wikipedia.org/wiki/Development_kits
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integrates an enhanced version of Tensilica’s L106 Diamond series 32-bit processor, with 

on-chip SRAM, besides the WiFi functionalities. ESP8266EX is often integrated with 

external sensors and other application specific devices through its GPIOs; sample codes for 

such applications are provided in the software development kit (SDK). 

The ESP8285 is an ESP8266 with 1 MiB of built-in flash, allowing the building of 

single-chip devices capable of connecting to Wi-Fi. The successor to these microcontroller 

chips is the ESP32. 

 

4.2 FEAUTURES 

▪ Processor: L106 32-bit RISC microprocessor core based on the Tensilica Xtensa 

Diamond Standard 106Micro running at 80 MHz 

▪ Memory: 

• 32 KiB instruction RAM 

• 32 KiB instruction cache RAM 

• 80 KiB user-data RAM 

• 16 KiB ETS system-data RAM 

▪ External QSPI flash: up to 16 MiB is supported (512 KiB to 4 MiB typically included) 

▪ IEEE 802.11 b/g/n Wi-Fi 

• Integrated TR switch, balun, LNA, power amplifier and matching network 

• WEP or WPA/WPA2 authentication, or open networks 

▪ 16 GPIO pins 

▪ SPI 

▪ I²C (software implementation)  

▪ I²S interfaces with DMA (sharing pins with GPIO) 

▪ UART on dedicated pins, plus a transmit-only UART can be enabled on GPIO2 

▪ 10-bit ADC (successive approximation ADC) 

 

https://en.wikipedia.org/wiki/ESP32
https://en.wikipedia.org/wiki/Reduced_instruction_set_computing
https://en.wikipedia.org/wiki/Tensilica
https://en.wikipedia.org/wiki/IEEE_802.11
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Duplexer#Transmit-receive_switch
https://en.wikipedia.org/wiki/Balun
https://en.wikipedia.org/wiki/Low-noise_amplifier
https://en.wikipedia.org/wiki/RF_power_amplifier
https://en.wikipedia.org/wiki/Matching_network
https://en.wikipedia.org/wiki/Wired_Equivalent_Privacy
https://en.wikipedia.org/wiki/Wi-Fi_Protected_Access
https://en.wikipedia.org/wiki/General-purpose_input/output
https://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus
https://en.wikipedia.org/wiki/I%C2%B2C
https://en.wikipedia.org/wiki/I%C2%B2S
https://en.wikipedia.org/wiki/Universal_asynchronous_receiver/transmitter
https://en.wikipedia.org/wiki/Analog-to-digital_converter
https://en.wikipedia.org/wiki/Successive_approximation_ADC
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4.3 PIN FUNCTIONS OF ESP8266 

The pinout is as follows for the common ESP-01 module: 

Table 4.1: Pin functions of ESP8266 

 

1. VCC, Voltage (+3.3 V; can handle up to 3.6 V) 

2. GND, Ground (0 V) 

3. RX, Receive data bit X 

4. TX, Transmit data bit X 

5. CH_PD, Chip power-down 

6. RST, Reset 

7. GPIO 0, General-purpose input/output No. 0 

Pin Number Pin 

Name 

Alternate 

Name 

Normally used for Alternate purpose 

1 Ground - Connected to the ground of 

the circuit 

- 

2 TX GPIO – 1 Connected to Rx pin of 

programmer/uC  to upload 

program 

Can act as a General-

purpose Input/output 

pin when not used as 

TX 

3 GPIO-2 - General purpose Input/output 

pin 

- 

4 CH_EN - Chip Enable – Active high - 

5 GPIO - 

0 

Flash General purpose Input/output 

pin 

Takes module into 

serial programming 

when held low during 

start up 

6 Reset - Resets the module - 

7 RX GPIO - 3 General purpose Input/output 

pin 

Can act as a General 

purpose Input/output 

pin when not used as 

RX 

8 Vcc - Connect to +3.3V only   
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8. GPIO 2, General-purpose input/output No. 2 

 

4.4 NODE MCU PIN OUT FOR ARDUINO 

 

 

Fig 4.2: Pin out for Arduino 

 

4.5 ADVANTAGES 

 

▪ Low cost 

▪ Integrated support for WIFI network 

▪ Reduced size of the board 

▪ Low energy consumption 
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CHAPTER-5 

SENSORS 

5.1 IR SENSOR 

 An infrared (IR) sensor is an electronic device that measures and detects infrared 

radiation in its surrounding environment. IR is invisible to the human eye, as its wavelength 

is longer than that of visible light (though it is still on the same electromagnetic spectrum). 

Anything that emits heat (everything that has a temperature above around five degrees 

Kelvin) gives off infrared radiation. 

 

 

Fig 5.1: IR sensor 

 

The frequency range of infrared is higher than microwave and lesser than visible light. 

An infrared sensor emits and/or detects infrared radiation to sense its surroundings. The 

working of any Infrared sensor is governed by three laws: Planck’s Radiation law, Stephen 

– Boltzmann law and Wien’s Displacement law. 

5.1.1 BASIC CONCEPT 

The basic concept of an Infrared Sensor which is used as Obstacle detector is to 

transmit an infrared signal, this infrared signal bounces from the surface of an object and the 

signal is received at the infrared receiver. 

There are five basic elements used in a typical infrared detection system: an infrared 

source, a transmission medium, optical component, infrared detectors or receivers and signal 

https://www.livescience.com/50260-infrared-radiation.html
https://www.livescience.com/50260-infrared-radiation.html
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processing. Infrared lasers and Infrared LED’s of specific wavelength can be used as infrared 

sources. The three main types of media used for infrared transmission are vacuum, 

atmosphere and optical fibers. Optical components are used to focus the infrared radiation or 

to limit the spectral response. 

 

5.1.2 TYPES OF IR SENSORS 

There are two types of infrared sensors: active and passive. Active infrared sensors 

both emit and detect infrared radiation. Active IR sensors have two parts: a light emitting 

diode (LED) and a receiver. When an object comes close to the sensor, the infrared light from 

the LED reflects off of the object and is detected by the receiver. Active IR sensors act 

as proximity sensors, and they are commonly used in obstacle detection systems (such as in 

robots). 

Passive infrared (PIR) sensors only detect infrared radiation and do not emit it from 

an LED. Passive infrared sensors are comprised of: 

▪ Two strips of pyroelectric material (a pyroelectric sensor) 

▪ An infrared filter (that blocks out all other wavelengths of light) 

▪ A fresnel lens (which collects light from many angles into a single point) 

▪ A housing unit (to protect the sensor from other environmental variables, such 

as humidity) 

PIR sensors are most used in motion-based detection, such as in-home security 

systems. When a moving object that generates infrared radiation enters the sensing range of 

the detector, the difference in IR levels between the two pyroelectric elements is measured. 

The sensor then sends an electronic signal to an embedded computer, which in turn triggers 

an alarm. 

 

5.1.3 PRINCIPLE OF WORKING 

The principle of an IR sensor working as an Object Detection Sensor can be explained 

using the following figure. An IR sensor consists of an IR LED and an IR Photodiode; 

together they are called as Photo – Coupler or Opto – Coupler. 

When the IR transmitter emits radiation, it reaches the object and some of the 

radiation reflects back to the IR receiver. Based on the intensity of the reception by the IR 

receiver, the output of the sensor is defined. 

https://www.fierceelectronics.com/sensors/what-a-proximity-sensor
https://www.edmundoptics.com/resources/application-notes/optics/advantages-of-fresnel-lenses/
https://www.fierceelectronics.com/embedded/what-embedded-computer


 

 

21 

 

 

Fig 5.2: Principle of working 

 

5.1.4 IR SENSOR CIRCUIT DIAGRAM 

An infrared  sensor circuit is one of the basic and popular sensor module in 

an electronic device. This sensor is analogous to human’s visionary senses, which can be 

used to detect obstacles and it is one of the common applications in real-time. This circuit 

comprises of the following components 

▪ LM358 IC 2 IR transmitter and receiver pair 

▪ Resistors of the range of kilo-ohms. 

▪ Variable resistors. 

▪ LED (Light Emitting Diode). 

 

 
Fig 5.3: IR Sensor circuit 

https://www.elprocus.com/basic-components-used-electronics-electrical/
https://www.elprocus.com/op-amp-ics-pin-configuration-features-working/
https://www.electronicshub.org/wp-content/uploads/2015/01/4.-Working-principle-of-IR-sensor.jpg
https://www.elprocus.com/wp-content/uploads/2015/01/IR-sensor-circuit-diagram.jpg
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5.2 RAIN SENSOR 

For detecting the wet waste, we used rain sensor in our project. So that, it will sense the 

moisture content in the waste and sends the information to Arduino. 

 

5.2.1 INTRODUCTION 

A rain sensor or rain switch is a switching device activated by rainfall. There are two 

main applications for rain sensors. The first is a water conservation device connected to an 

automatic irrigation system that causes the system to shut down in the event of rainfall. The 

second is a device used to protect the interior of an automobile from rain and to support the 

automatic mode of windscreen wipers. An additional application in professional satellite 

communications antennas is to trigger a rain blower on the aperture of the antenna feed, to 

remove water droplets from the mylar cover that keeps pressurized and dry air inside the 

wave-guides. 

 

 

  

Fig 5.4: Rain sensor 

It works like a switch and the working principle of this sensor is, whenever there is 

rain, the switch will be normally closed. 

 

5.2.2 RAIN SENSOR MODULE 

The rain sensor module/board is shown below. Basically, this board includes nickel 

coated lines and it works on the resistance principle. This sensor module permits to gauge 

https://en.wikipedia.org/wiki/Water_conservation
https://en.wikipedia.org/wiki/Irrigation
https://en.wikipedia.org/wiki/Windscreen_wipers
https://en.wikipedia.org/wiki/BoPET
https://www.elprocus.com/sound-activated-switch/
https://www.elprocus.com/pir-sensor-circuit-with-working/
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moisture through analog output pins & it gives a digital output while moisture threshold 

surpasses. 

 
Fig 5.5: Rain sensor module 

 

This module is similar to the LM393 IC because it includes the electronic module as 

well as a PCB. Here PCB is used to collect the raindrops. When the rain falls on the board, 

then it creates a parallel resistance path to calculate through the operational amplifier. 

This sensor is a resistive dipole and based on the moisture only it shows the resistance. For 

example, it shows more resistance when it is dry and shows less resistance when it is wet. 

5.2.3 PIN CONFIGURATION 

 

 

 

Fig 5.6: Rain Sensor Module – PinOut 

The pin configuration of this sensor is shown below. This sensor includes four pins which 

include the following. 

https://www.elprocus.com/lm393-ic-pin-configuration-circuit-diagram-and-its-working/
https://www.elprocus.com/different-types-printed-circuit-boards/
https://www.elprocus.com/what-is-an-operational-amplifier-op-amp-integrator-and-op-amp-differentiator/
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Table 5.1: Pin functions of rain sensor module 

Pin Description 

Vcc +5 Volts Power Source 

GND Ground or negative power source 

D0 Digital Output. Goes low when moisture exceeds set threshold. 

A0 
Analog Output – Zero to five volts. The lower the voltage, the greater 

the moisture 

POWER LED Indicates that power is applied 

OUTPUT LED 
Illuminates when moisture has exceeded threshold set by sensitivity 

adjustment. 

Sensitivity 

Adjustment 
Clockwise is more sensitive. Counterclockwise is less sensitive. 

 

 

5.2.4 SPECIFICATIONS 

The specifications of the rain sensor include the following. 

▪ This sensor module uses good quality of double-sided material. 

▪ Anti-conductivity & oxidation with long time use 

▪ The area of this sensor includes 5cm x 4cm and can be built with a nickel plate on the 

side 

▪ The sensitivity can be adjusted by a potentiometer 

▪ The required voltage is 5V 

▪ The size of the small PCB is 3.2cm x 1.4cm 

▪ For easy installation, it uses bolt holes 

▪ It uses an LM393 comparator with wide voltage 

▪ The output of the comparator is a clean waveform and driving capacity is above 15Ma 
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5.2.5APPLICATIONS 

 

▪ This sensor is used as a water preservation device and this is connected to 

the irrigation system to shut down the system in the event of rainfall. 

▪ This sensor is used to guard the internal parts of an automobile against the rainfall as 

well as to support the regular windscreen wiper’s mode. 

▪ This sensor is used in specialized satellite communications aerials for activating a 

rain blower over the opening of the aerial feed, to get rid of water droplets from the 

mylar wrap to keep pressurized as well as dry air within the waveguides. 

 

5.3 ULTRASONIC SENSOR 

 
5.3.1 INTRODUCTION 

As the name indicates, ultrasonic / level sensors measure distance by using ultrasonic 

waves. Ultrasonic transducers or ultrasonic sensors are a type of acoustic sensor divided into 

three broad categories: transmitters, receivers and transceivers. Transmitters 

convert electrical signals into ultrasound, receivers convert ultrasound into electrical signals, 

and transceivers can both transmit and receive ultrasound. 

 

Fig 5.7: Ultra Sonic sensor 

 

5.3.2 DETECTION PRINCIPLE 

The sensor head emits an ultrasonic wave and receives the wave reflected from the 

target. Ultrasonic / level sensors measure the distance to the target by measuring the time 

between the emission and reception. 

https://www.elprocus.com/smart-irrigation-system-using-iot/
https://www.elprocus.com/different-microcontrollers-used-in-automobiles/
https://en.wikipedia.org/wiki/Signal_(electrical_engineering)
https://en.wikipedia.org/wiki/Ultrasound
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Fig 5.8: Principle of detection 

 

An optical sensor has a transmitter and receiver, whereas an ultrasonic / level sensor 

uses a single ultrasonic element for both emission and reception. In a reflective model 

ultrasonic / level sensor, a single oscillator emits and receives ultrasonic waves alternately. 

This enables miniaturization of the sensor head. 

 

5.3.3 WORKING 

 

The ultrasonic sensor (or transducer) works on the same principles as a radar system. 

An ultrasonic sensor can convert electrical energy into acoustic waves and vice versa. The 

acoustic wave signal is an ultrasonic wave traveling at a frequency above 18kHz. The famous 

HC SR04 ultrasonic sensor generates ultrasonic waves at 40kHz frequency. 

Typically, a microcontroller is used for communication with an ultrasonic sensor. To 

begin measuring the distance, the microcontroller sends a trigger signal to the ultrasonic 

sensor. The duty cycle of this trigger signal is 10µS for the HC-SR04 ultrasonic sensor. When 

triggered, the ultrasonic sensor generates eight acoustic (ultrasonic) wave bursts and initiates 

a time counter. As soon as the reflected (echo) signal is received, the timer stops. The output 

of the ultrasonic sensor is a high pulse with the same duration as the time difference between 

transmitted ultrasonic bursts and the received echo signal. 
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Fig 5.9: Representation of trigger signal, reflected signal and output of echo pin.  

 

The microcontroller interprets the time signal into distance using the following functions: 

 

 

Fig 5.10: Distance calculation 

Theoretically, the distance can be calculated using the TRD (time/rate/distance) 

measurement formula. Since the calculated distance is the distance traveled from the 

ultrasonic transducer to the object—and back to the transducer—it is a two-way trip. By 

dividing this distance by 2, you can determine the actual distance from the transducer to the 

object. Ultrasonic waves travel at the speed of sound (343 m/s at 20°C). The distance between 

the object and the sensor is half of the distance traveled by the sound wave.[iv] The following 

equation calculates the distance to an object placed in front of an ultrasonic sensor: 

https://rh6stzxdcl1wf9gj1fkj14uc-wpengine.netdna-ssl.com/wp-content/uploads/2019/08/Equation-set-1.png
https://rh6stzxdcl1wf9gj1fkj14uc-wpengine.netdna-ssl.com/wp-content/uploads/2019/08/Equation-set-1.png
https://rh6stzxdcl1wf9gj1fkj14uc-wpengine.netdna-ssl.com/wp-content/uploads/2019/08/Figure-2.png
https://rh6stzxdcl1wf9gj1fkj14uc-wpengine.netdna-ssl.com/wp-content/uploads/2019/08/Equation-set-1.png
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5.3.4 PIN FUNCTIONS 

TRIG: Trigger Pulse Input 

ECHO: Echo Pulse Output 

GND: Ground 

VCC: 5V Supply 

5.3.5 FEAUTURES 

Table 5.2: Features of Ultrasonic sensor  

Working 

Voltage 
DC5V 

Working 

Current 
16mA 

Working 

Frequency 
40Hz 

Max Range 
700cm, Ensured stable signal within 5m, gradually faded signal 

outside 5m till disappearing at 7m position. 

Min Range 2cm 

https://rh6stzxdcl1wf9gj1fkj14uc-wpengine.netdna-ssl.com/wp-content/uploads/2019/08/equation-set-2.png
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Trigger Input 

Signal 
10uS TTL pulse 

Echo Output 

Signal 
Input TTL lever signal and the range in proportion 

Dimension 46x20.5x15 mm 

 

5.3.6 APPLICATIONS 

Ultrasound can be used for measuring wind speed and direction (anemometer), tank or 

channel fluid level, and speed through air or water. For measuring speed or direction, a device 

uses multiple detectors and calculates the speed from the relative distances to particulates in 

the air or water. To measure tank or channel liquid level, and also sea level (tide gauge), the 

sensor measures the distance (ranging) to the surface of the fluid.  

Further applications include: humidifiers, sonar, medical ultrasonography, burglar 

alarms, non-destructive testing and wireless charging. 

5.4 INDUCTIVE PROXIMITY SENSOR 

5.4.1 INTRODUCTION 

An inductive proximity sensor is a non-contact electronic proximity sensor. It is used 

for positioning and detection of metal objects. The sensing range of an inductive switch is 

dependent on the type of metal being detected. Ferrous metals, such as iron and steel, allow 

for a longer sensing range, while nonferrous metals, such as aluminum and copper, may 

reduce the sensing range by up to 60 percent. 

 

https://en.wikipedia.org/wiki/Anemometer
https://en.wikipedia.org/wiki/Liquid_level
https://en.wikipedia.org/wiki/Sea_level
https://en.wikipedia.org/wiki/Tide_gauge
https://en.wikipedia.org/wiki/Ranging
https://en.wikipedia.org/wiki/Humidifier
https://en.wikipedia.org/wiki/Sonar
https://en.wikipedia.org/wiki/Medical_ultrasonography
https://en.wikipedia.org/wiki/Burglar_alarms
https://en.wikipedia.org/wiki/Burglar_alarms
https://en.wikipedia.org/wiki/Non-destructive_testing
https://en.wikipedia.org/wiki/Wireless_charging
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Proximity_sensor
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Fig 5.11: Inductive proximity sensor 

 

5.4.2 DESCRIPTION 

The sensor consists of an induction loop or detector coil. Most often this is physically 

a number of turns of insulated magnet wire wound around a high magnetic permeability core, 

such as a ferrite ceramic rod or coil form, and the winding may or may not have a feedback 

tap some number of turns from one end of the total winding. It is connected to a capacitance 

to form a tuned frequency oscillator tank circuit. In conjunction with a voltage or current gain 

device like a transistor or operational amplifier, this forms a tuned frequency oscillator. When 

power is applied, the resulting oscillation is a high frequency alternating electric current in 

the coil that has a constantly changing magnetic field able to induces eddy currents in 

proximal (target) conductors.  

The closer the target is and the greater its conductivity (metals are good conductors, 

for example), the greater the induced eddy currents are and the more effect their resulting 

opposing magnetic fields have on the magnitude and frequency of the oscillation. Its 

magnitude is reduced as the load is increased in a non-magnetic conductor like aluminum 

because the induced field in the target opposes the source induction field, lowering net 

inductive impedance and therefore simultaneously tuning the oscillation frequency higher. 

But that magnitude is less affected if the target is a highly magnetically permeable material, 

like iron, as that high permeability increases the coil inductance, lowering the frequency of 

oscillation. 

 

 

https://en.wikipedia.org/wiki/Sensor
https://en.wikipedia.org/wiki/Induction_loop
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Magnetic_field
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5.4.3 PRINCIPLE OF OPERATION 

At the heart of an Inductive Proximity Sensor (“prox” “sensor” or “prox sensor” for 

short) is an electronic oscillator consisting of an inductive coil made of numerous turns of 

very fine copper wire, a capacitor for storing electrical charge, and an energy source to 

provide electrical excitation. The size of the inductive coil and the capacitor are matched to 

produce a self-sustaining sine wave oscillation at a fixed frequency.  The coil and the 

capacitor act like two electrical springs with a weight hung between them, constantly pushing 

electrons back and forth between each other.  Electrical energy is fed into the circuit to initiate 

and sustain the oscillation.  Without sustaining energy, the oscillation would collapse due to 

the small power losses from the electrical resistance of the thin copper wire in the coil and 

other parasitic losses. 

 

Fig 5.12: Internal elements of an inductive proximity sensor 

 

The oscillation produces an electromagnetic field in front of the sensor, because the 

coil is located right behind the “face” of the sensor.  The technical name of the sensor face is 

“active surface”. 

When a piece of conductive metal enters the zone defined by the boundaries of the 

electromagnetic field, some of the energy of oscillation is transferred into the metal of the 

http://automation-insights.blog/wp-content/uploads/2014/03/inductive-proximity-sensor-cutaway-with-annotation.jpg
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target. This transferred energy appears as tiny circulating electrical currents called eddy 

currents. Therefore, inductive proxes are sometimes called eddy current sensors. 

The flowing eddy currents encounter electrical resistance as they try to circulate. This creates 

a small amount of power loss in the form of heat (just like a little electric heater). 

The power loss is not entirely replaced by the sensor’s internal energy source, so the 

amplitude (the level or intensity) of the sensor’s oscillation decreases.  Eventually, the 

oscillation diminishes to the point that another internal circuit called a Schmitt Trigger detects 

that the level has fallen below a pre-determined threshold. This threshold is the level where 

the presence of a metal target is confirmed.  Upon detection of the target by the Schmitt 

Trigger, the sensor’s output is switched on. 

 
 

5.4.4 FEAUTURES 

▪ Non-contact detection 

▪ Usable in severe environment 

▪ High precision 

▪ Long life 

▪ Only metal detection 

▪ Short response time 

▪ Short sensing range 
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CHAPTER-6 

OTHER IMPORTANT COMPONENTS 

 

6.1 DC GEAR MOTOR 

A gear motor is an all-in-one combination of a motor and gearbox. The addition of a 

gear head to a motor reduces the speed while increasing the torque output. The most 

important parameters regarding gear motors are speed (rpm), torque and efficiency (%). In 

order to select the most suitable gear motor for your application you must first compute the 

load, speed and torque requirements for your application. ISL Products offers a variety 

of Spur Gear Motors, Planetary Gear Motors and Worm Gear Motors to meet all application 

requirements. Most of our DC motors can be complimented with one of our unique 

gearheads, providing you with a highly efficient gear motor solution. 

 

 

Fig 6.1: Gear Motor 

6.1.1 GEAR MOTOR PERFORMANCE CURVES 

A motors performance and gearbox performance are combined into one graph by 

displaying three specific parameters. These three parameters are speed, torque and efficiency. 

These performance curves are essential when selecting a gear motor for your application. 

https://www.islproducts.com/motors/spur-gear-motors/
https://www.islproducts.com/motors/planetary-gear-motors/
https://www.islproducts.com/motors/worm-gear-motors/
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Fig 6.2: Performance curve 

 

Speed/Revolutions (N) – (unit: rpm) indicated as a straight line that shows the relationship 

between the gear motors torque and speed. This line will shift laterally depending on voltage 

increase or decrease. 

Current (I) – (unit: A) indicated by a straight line, from no load to full motor lock. This shows 

the relationship between amperage and torque. 

Torque (T) – (unit: gf-cm) this is the load borne by the motor shaft, represented on the X-

axis. 

Efficiency (η) – (unit: %) is calculated by the input and output values, represented by the 

dashed line. To maximize the gear motors potential, it should be used near its peak efficiency. 

Output (P) – (unit: W) is the amount of mechanical energy the gear motor puts out. 

 

6.1.2 BASIC PRINCIPLE OF OPERATION 

A gear motor can be either an AC (alternating current) or a DC (direct current) electric 

motor. Most gear motors have an output of 1,200 to 3,600 revolutions per minute (RPMs). 

These types of motors also have two different speed specifications: normal speed and the 

stall-speed torque specifications. 

Gear motors are primarily used to reduce speed in a series of gears, which in turn 

creates more torque. This is accomplished by an integrated series of gears or a gearbox being 

attached to the main motor rotor and shaft via a second reduction shaft. The second shaft is 

then connected to the series of gears or gearbox to create what is known as a series of 
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reduction gears. The longer the train of reduction gears, the lower the output of the end, or 

final, gear will be. 

An excellent example of this principle would be an electric time clock (the type that 

uses hour, minute, and second hands). The synchronous AC motor that is used to power the 

time clock will usually spin the rotor at around 1,500 revolutions per minute. However, a 

series of reduction gears are used to slow the movement of the hands on the clock. 

For example, while the rotor spins at about 1,500 revolutions per minute, the 

reduction gears allow the final secondhand gear to spin at only one revolution per minute. 

This is what allows the secondhand to make one complete revolution per minute on the face 

of the clock. 

6.2 MOTOR DRIVE 

6.2.1 INTRODUCTION 

The DC motor drives are used mainly for good speed regulation, frequent starting, 

braking and reversing. The DC motor drive is a type of amplifier or power modulator that 

integrate between the controller and a DC motor. It takes the low current and then converts 

it into a high current which is appropriate for the motor. The DC motor drive also provides 

the high current torque, 400 % more than the rated continuous torque. The speed of a DC 

motor drive is usually controlled by variable resistance method, which can be also used to 

limit the starting current. 

 

Fig 6.3: Motor drive 

https://www.electrical4u.com/what-is-braking-types-of-braking-regenerative-plugging-dynamic-braking/
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6.2.2 TYPES OF DC MOTOR DRIVES 

▪ Non-regenerative DC Drive: This drive rotates only in one direction and hence also 

called single quadrant drive. The non-regenerative DC motor drive does not have any 

inherent braking capability. The motor is terminated only by removing the supply. 

Such type of drive is used in a placed where high friction load or strong natural brake 

requires. 

▪ Regenerative DC Drive: It is a four-quadrant drive, and it controls the speed, 

direction and torque of a motor. Under the braking condition, this drive converts 

mechanical energy and load into electrical energy which is returned to the power 

source. 

6.2.3 BRAKING OF DC MOTOR DRIVES 

The braking is the phenomenon of reducing the speed of the DC motor drive. In 

braking, the DC motor drive works as a generator. It develops the negative sequence torque, 

which opposes the motion of the drive. The braking of the DC motor drive is mainly classified 

into three types. i.e., regenerative braking, dynamic braking and plugging. 

 

6.2.4 APPLICATIONS 

The important applications of DC motor drives are rolling mills, paper mills, mine 

winders, hoists, machine tools, traction, printing presses, textile mills, excavators and crane. 

6.3 GARBAGE CONTAINER 

 A waste container is a container for temporarily storing waste and is usually made of 

metal or plastic. The curbside dustbins usually consist of three types: trash cans (receptacles 

made of metal or plastic), dumpsters (large receptacles similar and wheelie bins (light, 

usually plastic bins that are mobile). All of these are emptied by collectors, who will load the 

contents into a garbage truck and drive it to a landfill, incinerator or consuming crush facility 

to be disposed of. 
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6.4 PCB BOARD 

A printed circuit board (PCB) mechanically supports and electrically 

connects electrical or electronic components using conductive tracks, pads and other 

features etched from one or more sheet layers of copper laminated onto and/or between sheet 

layers of a non-conductive substrate. Components are generally soldered onto the PCB to 

both electrically connect and mechanically fasten them to it. 

Printed circuit boards are used in all but the simplest electronic products. They are 

also used in some electrical products, such as passive switch boxes. 

https://en.wikipedia.org/wiki/Electrical
https://en.wikipedia.org/wiki/Electronic_components
https://en.wikipedia.org/wiki/Electrical_conductor
https://en.wikipedia.org/wiki/Industrial_etching
https://en.wikipedia.org/wiki/Laminated
https://en.wikipedia.org/wiki/Insulator_(electricity)
https://en.wikipedia.org/wiki/Soldering
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Fig 6.4: PCB board 

A basic PCB consists of a flat sheet of insulating material and a layer of copper foil, 

laminated to the substrate. Chemical etching divides the copper into separate conducting lines 

called tracks or circuit traces, pads for connections, vias to pass connections between layers 

of copper, and features such as solid conductive areas for electromagnetic shielding or other 

purposes. The tracks function as wires fixed in a place and are insulated from each other by 

air and the board substrate material. The surface of a PCB may have a coating that protects 

the copper from corrosion and reduces the chances of solder shorts between traces or 

undesired electrical contact with stray bare wires. For its function in helping to prevent solder 

shorts, the coating is called solder resist or solder mask. 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Foil_(metal)
https://en.wikipedia.org/wiki/Electromagnetic_shielding
https://en.wikipedia.org/wiki/Corrosion
https://en.wikipedia.org/wiki/Short_circuit
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CHAPTER-7 

SOFTWARE SECTION 

 

7.1 BLYNK APP 

Blynk is a Platform with IOS and Android apps to control Arduino, Raspberry Pi and 

the likes over the Internet. It’s a digital dashboard where you can build a graphic interface 

for your project by simply dragging and dropping widgets. Blynk is a new platform that 

allows you to quickly build interfaces for controlling and monitoring your hardware projects 

from your iOS and Android device. After downloading the Blynk app, you can create a 

project dashboard and arrange buttons, sliders, graphs, and other widgets onto the screen. 

 

 

Fig 7.1: Blynk app  

 

Blynk was designed for the Internet of Things. It can control hardware 

remotely, it can display sensor data, it can store data, vizualize it and do many other cool 

things. 

7.1.1 WORKING 

There are three major components in the platform: 

▪ Blynk App - allows to you create amazing interfaces for your projects using 

various widgets we provide. 

▪ Blynk Server - responsible for all the communications between the smartphone 

and hardware. You can use our Blynk Cloud or run your private Blynk 

https://docs.blynk.cc/#blynk-server
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server locally. It’s open source, could easily handle thousands of devices and 

can even be launched on a Raspberry Pi. 

▪ Blynk Libraries - for all the popular hardware platforms - enable 

communication with the server and process all the incoming and outcoming 

commands. 

Now imagine: every time you press a Button in the Blynk app, the message travels to 

the Blynk Cloud, where it magically finds its way to your hardware. It works the same 

in the opposite direction and everything happens in a blynk of an eye. 

 

 

Fig 7.2: Working of Blynk app 

 

7.1.2 FEAUTURES 

▪ Similar API & UI for all supported hardware & devices 

▪ Connection to the cloud using: 

• WiFi 

• Bluetooth and BLE 

• Ethernet 

• USB (Serial) 

https://docs.blynk.cc/#blynk-server
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• GSM 

▪ Set of easy-to-use Widgets 

▪ Direct pin manipulation with no code writing 

▪ Easy to integrate and add new functionality using virtual pins 

▪ History data monitoring via SuperChart widget 

▪ Device-to-Device communication using Bridge Widget 

▪ Sending emails, tweets, push notifications, etc. 

 

7.2 Arduino IDE 

 

The Arduino Integrated Development Environment (IDE) is a cross-

platform application (for Windows, macOS, Linux) that is written in functions 

from C and C++. It is used to write and upload programs to Arduino compatible boards, but 

also, with the help of 3rd party cores, other vendor development boards.  

The Arduino IDE supports the languages C and C++ using special rules of code 

structuring. The Arduino IDE supplies a software library from the Wiring project, which 

provides many common input and output procedures. User-written code only requires two 

basic functions, for starting the sketch and the main program loop, that are compiled and 

linked with a program stub main() into an executable cyclic executive program with 

the GNU toolchain, also included with the IDE distribution. The Arduino IDE employs the 

program avrdude to convert the executable code into a text file in hexadecimal encoding 

that is loaded into the Arduino board by a loader program in the board's firmware. By 

default, avrdude is used as the uploading tool to flash the user code onto official Arduino 

boards 

 

https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Cross-platform
https://en.wikipedia.org/wiki/Cross-platform
https://en.wikipedia.org/wiki/Windows
https://en.wikipedia.org/wiki/MacOS
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/C%2B%2B_(programming_language)
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/C%2B%2B
https://en.wikipedia.org/wiki/Software_library
https://en.wikipedia.org/wiki/Wiring_(development_platform)
https://en.wikipedia.org/wiki/Cyclic_executive
https://en.wikipedia.org/wiki/GNU_toolchain
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Fig 7.3: Arduino IDE 
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CHAPTER-8 

ADVANTAGES AND DISADVANTAGES 

 

8.1 ADVANTAGES 

▪ A 24x7 monitoring system to monitor the dumpsters continuously. 

▪ Recycling (if any) can be done easily. 

▪ Segregation can be done easily. 

▪ It can be used for controlling all mechanical setup based on current conditions. 

▪ Sorting of waste at the primary stage will make the waste management more 

effective and fruitful. 

▪ Giving way to cleaner environment. 

▪ Eco friendly 

▪ Lower initial investments. 

 

8.2 DISADVANTAGES 

▪ When a large amount of waste is dumped, it is difficult to detect the wet and dry 

wastes at a time. 

▪ Continuous power supply is required. 

▪ An additional equipment is needed to clear the moisture content on rain sensor. 
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CHAPTER-9 

RESULTS AND CONCLUSION 

9.1 RESULTS 

 

EQUIPMENT SETUP 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9.1: Setup of equipment 
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RESULT IN BLYNK APP 

 

 

Fig 9.2: Output on mobile 

9.2 APPLICATIONS  

▪ Empowered swatch Bharath mission. 

▪ House-hold applications. 

▪ Reduce environmental pollution. 

▪ Real time-based cleaning our cities. 

▪ It makes our system transparent between municipal corporation, workers and public. 

 

9.3 CONCLUSION 

IoT based Smart waste management system can help in separating the wastes easily 

and dumpsters can be monitored continuously. 
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This system assures the separation of waste into wet, dry and metallic when dumped 

in a dumpster and cleaning of trash bins, soon when the garbage level reaches its maximum, 

a message is sent to the authority. This reduces the total number of trips of garbage collection 

vehicle and hence reduces the overall expenditure associated with the garbage collection. It 

ultimately helps to keep cleanliness in the society. Even recycling can be done easily. 

 

9.4 FUTURE SCOPE 

▪ This project is made for demo concern, it can be taken to product level. 

▪ A model can be made so that even if a large amount of waste involving wet or dry or 

metallic is dumped, can be separated easily. 

▪ It can be made durable by making it compact. 

▪ Wet waste can be decomposed and used for making biogas. 
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APPENDICES 

1. CODE FOR ARDUINO 

 
int m1=10,m2=9,m3=11,m4=12,wet=8,ir=7,lmt=6,met=5; 

int lf=1,x,y,z; 

void setup()  

{ 

  

pinMode(m1,OUTPUT);pinMode(m2,OUTPUT);pinMode(m3,OUTPUT);pinMode(m4,O

UTPUT); 

  pinMode(wet,INPUT);pinMode(ir,INPUT);pinMode(lmt,INPUT);pinMode(met,INPUT); 

  Serial.begin(9600); 

} 

 

void loop()  

{ 

  sett(); 

  if(digitalRead(met)==1) 

  { 

    Serial.println("metal detected"); 

    ang('x'); 

  } 

  else if(digitalRead(wet)==0 && digitalRead(ir)==0) 

  { 

    Serial.println("wet detected"); 

    ang('y'); 

  } 

  else if(digitalRead(wet)==1 && digitalRead(ir)==0) 

  { 

    Serial.println("dry waste detected"); 

    ang('z'); 

  } 
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} 

void ang(int a) 

{ 

  if(a=='x') 

{ 

    Serial.println("open....."); 

    opn();delay(2000);lf=1; 

  } 

  else if(a=='y') 

  { 

    //Serial.println("metal detected"); 

    digitalWrite(m1,LOW);digitalWrite(m2,HIGH);delay(1100); 

    digitalWrite(m1,LOW);digitalWrite(m2,LOW); 

    opn();delay(2000);lf=1; 

  } 

  else if(a=='z') 

  { 

    Serial.println("............."); 

    digitalWrite(m1,LOW);digitalWrite(m2,HIGH);delay(2500); 

    digitalWrite(m1,LOW);digitalWrite(m2,LOW); 

    opn();delay(2000);lf=1; 

  }   

} 

void sett() 

{ 

  while(lf==1) 

  { 

    Serial.println("lllll"); 

    while(digitalRead(lmt)==1) 

    { 

      Serial.println("Initial Position"); 

      digitalWrite(m1,HIGH);digitalWrite(m2,LOW); 

    } 
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    digitalWrite(m1,LOW);digitalWrite(m2,LOW);lf=0; 

  } 

} 

void opn() 

{ 

  digitalWrite(m3,HIGH);digitalWrite(m4,LOW);delay(1400); 

  digitalWrite(m3,LOW);digitalWrite(m4,LOW);delay(500); 

  digitalWrite(m3,LOW);digitalWrite(m4,HIGH);delay(1400); 

  digitalWrite(m3,LOW);digitalWrite(m4,LOW);delay(50);lf=1; 

} 

 

2. IoT CODE 

 

#define BLYNK_PRINT Serial 

#include <ESP8266WiFi.h> 

#include <BlynkSimpleEsp8266.h> 

int s1=D0,s2=D1,s3=D2,s4=D3,l1=D8,l2=D7,l3=D6,l4=D5; 

//char auth[] = "uy0Z3VqzyhnqvFlsLsQCUcyBkBVd4tOH"; 

char auth[] = "9bOUI_dCMeDOFZkVimmdD69y3SZMPMYu";//me 

char ssid[] = "akhila"; 

char pass[] = "akhila12"; 

 

const int trigPin1 = D3; 

const int echoPin1 = D4; 

int us1; 

void setup()  

{ 

  Serial.begin(9600); 

  Blynk.begin(auth, ssid, pass); 

  //Blynk.virtualWrite(V2,v); 

   

} 

void loop()  
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{ 

  u1(); 

  Blynk.virtualWrite(V2,us1); 

  if(us1<5) 

  { 

    Serial.println("child at door take alert"); 

    Blynk.notify("NET IS TO BE FILLING...!"); 

    delay(1500); 

  } 

   

   

} 

long microsecondsToInches(long microseconds) 

{ 

  // According to Parallax's datasheet for the PING))), there are 

  // 73.746 microseconds per inch (i.e. sound travels at 1130 feet per 

  // second).  This gives the distance travelled by the ping, outbound 

  // and return, so we divide by 2 to get the distance of the obstacle. 

  // See: http://www.parallax.com/dl/docs/prod/acc/28015-PING-v1.3.pdf 

  return microseconds / 74 / 2; 

} 

 

long microsecondsToCentimeters(long microseconds) 

{ 

  // The speed of sound is 340 m/s or 29 microseconds per centimeter. 

  // The ping travels out and back, so to find the distance of the 

  // object we take half of the distance travelled. 

  return microseconds / 29 / 2; 

} 

void u1() 

{ 

  // establish variables for duration of the ping,  

  // and the distance result in inches and centimeters: 
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  long duration1, inches1, cm1; 

 

  // The sensor is triggered by a HIGH pulse of 10 or more microseconds. 

  // Give a short LOW pulse beforehand to ensure a clean HIGH pulse: 

  pinMode(trigPin1, OUTPUT); 

  digitalWrite(trigPin1, LOW); 

  delayMicroseconds(2); 

  digitalWrite(trigPin1, HIGH); 

  delayMicroseconds(10); 

  digitalWrite(trigPin1, LOW); 

 

  // Read the signal from the sensor: a HIGH pulse whose 

  // duration is the time (in microseconds) from the sending 

  // of the ping to the reception of its echo off of an object. 

  pinMode(echoPin1, INPUT); 

  duration1 = pulseIn(echoPin1, HIGH); 

 

  // convert the time into a distance 

  inches1 = microsecondsToInches(duration1); 

  cm1 = microsecondsToCentimeters(duration1); 

  us1=cm1; 

  Serial.print("U1:"); 

  Serial.print(cm1); 

  Serial.print("cm"); 

  Serial.println(""); 

   

  delay(100); 

} 
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PROJECT PROFORMA 

 

 

Classification of Project 

 

Application Product Research Review 

 ✓   

Note: Tick Appropriate category.  

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1 2 1 2 1 3 3 2 2 3 2 2 1 2 2 

Outcome 2 1 1 1 1 1 3 1 1 1 3 2 

 

1 2 2 

Outcome 3 2 2 2 2 2 3 2 2 2 2 2 2 2 2 

Outcome 4 2 2 2 2 2 3 2 2 2 2 2 2 3 3 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

  on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 

 

Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     
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     and design system components or processes that meet the specified needs with appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of t h e information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  

    solutions in societal and environmental contexts and demonstrate the knowledge of,  

    and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

    norms of the engineering practice. 

 

9. Individual and teamwork: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  
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     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 

 

Programme Specific Outcomes (PSO): 

 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

 

2. Analyse, design and develop control systems, industrial drives and power systems 

using modern tools. 
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                                       ABSTRACT 

                      A fault in electrical equipment is defined as a defect in its electrical circuit due 

to which the current is diverted from the intended path. Faults are generally caused by 

mechanical failure, accidents, excessive internal and external stresses etc. The fault 

impedance being low, the fault currents are relatively high. During the faults, the power flow 

is diverted towards the fault and the supply to the neighbouring zone is affected. Voltages 

become unbalanced. It is necessary to detect the fault as early as possible that is why a kit is 

being made using microcontroller to make its process faster. 

                       It will detect following four major faults and will give trip signal to relay. The 

four faults detected by the model are: Over Voltage fault, Phase Failure fault, Temperature 

Rise fault and Reduction in Oil level fault. 

                      The main advantage of this circuit is that any man can use this circuit and can 

know the type of fault. By some variations in the circuit one can devise a new protective 

system for each individual phase too. By using the microcontroller circuitry, the project is 

compact and easy to use. 
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                                        CHAPTER-1 

                                           INTRODUCTION 

         

             Contemporary power systems are associated with serious issues of faults on high 

voltage transmission lines. Instant isolation of fault is necessary to maintain the system 

stability. There is no fault-free system and it is neither practical nor economical to build a 

fault-free system. The various cases of abnormal circumstances such as natural events, 

physical accidents, equipment failure, and mis-operation generate faults in the power system. 

Protective relay utilizes current and voltage signals to detect, classify, and locate the fault in 

transmission line. A trip signal will be sent by the relay to a circuit breaker with the purpose 

of disconnecting the faulted line from the rest of the system in case of a disturbance for 

maintaining the stability of the remaining healthy system. Relay acts as an electrical switch 

that is operated by a circuit of small power rating to control circuit of larger power rating. 

Fault is detected and Trip signal is generated when the input current value is greater than that 

of relay preset value. 

              The aim of this research is to develop a device used to detect faults in the line and 

isolate the connected system or instrument connected to it. Scope: This device involves the 

use of microcontroller for detection and isolation of the system of instrument with proper use 

of programming. The instrument devised is economical and effective compared to other 

protective devices available in market. After the patent of the product a large-scale 

production is also possible for consumer use Design Approach: The design methodology 

involves the use of microcontroller in conjugation with the relay circuitry with display on a 

LCD screen. It is a totally new design in the market and it will be a substitute to ELCB’s, 

MCB’s and Relays in near future 

 

FAULTS: 

            It is an abnormal condition caused by many factors related to nature like lightning, 

wind, natural disaster & human error. It means there is a flow of very high value of current 

above the normal value. Due to this many electrical apparatuses like transformer, generator, 

and transmission lines get affected because of overheating and insulation failure. 

            In this project we are going to detect four faults which are occurring more frequently 

in the transmission lines. Those faults are Over voltage fault, Phase failure fault, Temperature 

rise fault and Oil level reduction fault in transformer. 
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 1.Phase Failure fault: 

          When one phase of a three-phase system is lost, a phase loss occurs. This is also called 

single phasing. Typically, a phase loss is caused by a blown fuse, thermal overload, broken 

wire, worn contact or mechanical failure. when this fault occurs, it results in over carrying 

capacity of another two phases results in over voltage. 

   2.Over Voltage fault: 

          Increase in voltage for the very short time in power system is called as the over 

voltage. it is also known as the voltage surge or voltage transients. The voltage stress caused 

by over voltage can damage the lines and equipment’s connected to the system. 

  3.Temperature Rise fault: 

        Resistance rises with temperature, because the electrons pick up energy with heat, move 

around more vigorously, there are more collisions with electrons attempting to pass through 

the conductor. These collisions release much energy, in the form of heat, further increasing 

the temperature of the conductor. Resulting in less current flow through the lines. 

 4. Oil level Reduction fault: 

       A simple fault at the distributing end can cause black-out of power to the whole area. 

The fault can also be very dangerous as the transformers contain large quantity of oil in direct 

contact with high voltage components. This increases the risk of fire and explosions due to 

failures. 

 

 OBJECTIVES OF THE PROJECT: 

 Detect temperature rise around conductor or transformer using LM 35 Sensor 

 Detect oil level in transformer using Ultra sonic sensor HCSR04. 

 Setup an SMS based Alert Mechanism and send 3 SMS (2 alert messages) to 1 

specified mobile number (input inside the Arduino program). 

 Display status of Three phases condition, Temperature and Oil level in an LCD using 

a 16×2 LCD module. 

 To turn on the relay whenever the fault is detected and to turn off the supply to that 

particular unhealthy part to safe guard the healthy part. 
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                                  CHAPTER 2 

                             BLOCK DIAGRAM & DESCRIPTION   

2.1 BLOCK DIAGRAM: 

        

Fig 2.1: Block Diagram 
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2.2   DESCRIPTION:     

           Arduino based Transmission line fault detector with SMS indication using GSM 

modem project detects the faults in transmission line and transformer. If any fault occurs then 

it sends SMS to the chief engineer using the GSM modem.  And at the same time Relay is 

turned on. Arduino has inbuilt Analog to Digital converter so we need not to connect any 

external ADC IC. We have connected temperature sensor and ultra-sonic sensor directly to 

the analog input pins of the Arduino Uno board. 

            When over voltage is occurred due to switching surges then Arduino will compare 

voltage with set value and give signal to relay to trip. If temperature is increased gradually at 

conductor or at transformer then temperature sensor will detect it and sends signal to Arduino 

to trip the relay. Oil level in transformer was detected by using ultra sonic sensor, if the level 

is reduced then it will send signal to Arduino. 

            The LCD display will always show the status of three phases voltages, temperature 

and oil level status. If any fault occurs in any three phases then it will show the status of 

healthy phases on LCD. By that we come to know which phase is faulty. When these faults 

occur, the Arduino will send signal to GSM to send message to the engineer. The relay trip 

the circuit which is faulty from the healthy part so that the load in unhealthy part will not get 

any supply. To show this we connected an incandescent bulb to turn off during fault time. 

            This project proves really helpful in cases when there are limited workers in the 

substation during night times and fault clearance time will be reduced as we come to know 

the fault occurrence very quickly through getting message from GSM. 
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                                      CHAPTER – 3                           

     CIRCUIT DIAGRAM 

  CIRCUIT DIAGRAM: 

 

Fig 3.1: Circuit Diagram 
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CHAPTER – 4 

   COMPONENTS & ITS DESCRIPTION                                                                                                                           

4.1. ARDUINO UNO 

          Arduino is a single-board microcontroller meant to make the application more 

accessible which are interactive objects and its surroundings. The hardware features with an 

open-source hardware board designed around an 8-bit Atmel AVR microcontroller or a 32-bit 

Atmel ARM. Current models consists a USB interface, 6 analog input pins and 14 digital I/O 

pins that allows the user to attach various extension boards. 

 

Fig 4.1: Arduino UNO 

 

         The Arduino Uno board is a microcontroller based on the ATmega328. It has 14 digital 

input/output pins in which 6 can be used as PWM outputs, a 16 MHz ceramic resonator, an 

ICSP header, a USB connection, 6 analog inputs, a power jack and a reset button. This 

contains all the required support needed for microcontroller. In order to get started, they are 

simply connected to a computer with a USB cable or with a AC-to-DC adapter or battery. 

Arduino Uno Board varies from all other boards and they will not use the FTDI USB-to-

serial driver chip in them. It is featured by the Atmega16U2 (Atmega8U2 up to version R2) 

programmed as a USB-to-serial converter. 
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Fig 4.1.1: Arduino Uno with Digital Input/output 

            There are various types of Arduino boards in which many of them were third-party 

compatible versions. The most official versions available are the Arduino Uno R3 and the 

Arduino Nano V3. Both of these run a 16MHz Atmel ATmega328P 8-bit microcontroller 

with 32KB of flash RAM 14 digital I/O and six analogue I/O and the 32KB will not sound 

like as if running Windows. Arduino projects can be stand-alone or they can communicate 

with software on running on a computer. For e.g. Flash, Processing, Max/MSP). The board is 

clocked by a 16 MHz ceramic resonator and has a USB connection for power and 

communication. You can easily add micro SD/SD card storage for bigger tasks. 

Features of the Arduino Uno Board: 

• It is an easy USB interface. This allows interface with USB as this is like a serial 

device. 

• The chip on the board plugs straight into your USB port and supports on your 

computer as a virtual serial port. The benefit of this setup is that serial communication 

is an extremely easy protocol which is time-tested and USB makes connection with 

modern computers and makes it comfortable. 

• It is easy-to-find the microcontroller brain which is the ATmega328 chip. It has more 

number of hardware features like timers, external and internal interrupts, PWM pins 

and multiple sleep modes. 

• It is an open source design and there is an advantage of being open source is that it 

has a large community of people using and troubleshooting it. This makes it easy to 

help in debugging projects. 

• It is a 16 MHz clock which is fast enough for most applications and does not speeds 

up the microcontroller. 

• It is very convenient to manage power inside it and it had a feature of built-in voltage 

regulation. This can also be powered directly off a USB port without any external 

power. You can connect an external power source of upto 12v and this regulates it to 

both 5v and 3.3v. 

• 13 digital pins and 6 analog pins. This sort of pins allows you to connect hardware to 

your Arduino Uno board externally. These pins are used as a key for extending the 

computing capability of the Arduino Uno into the real world. Simply plug your 

http://www.edgefx.in/wp-content/uploads/2014/07/arduino-circuit.jpg
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electronic devices and sensors into the sockets that correspond to each of these pins    

and you are good to go. 

• This has an ICSP connector for bypassing the USB port and interfacing the Arduino 

directly as a serial device. This port is necessary to re-boot load your chip if it 

corrupts and can no longer used to your computer. 

• It has a 32 KB of flash memory for storing your code. 

• An on-board LED is attached to digital pin 13 to make fast the debugging of code and 

to make the debug process easy. 

• Finally, it has a button to reset the program on the chip. 

           Arduino was created in the year 2005 by two Italian engineers David Cuartielles and 

Massimo Banzi with the goal of keeping in mind about students to make them learn how to 

program the Arduino uno microcontroller and improve their skills about electronics and use it 

in the real world. 

          Arduino uno microcontroller can sense the environment by receiving input from a 

variety of sensors and can affect its surroundings by controlling lights, motors, and other 

actuators. The microcontroller is programmed using the Arduino programming language 

(based on Wiring) and the Arduino development environment (based on Processing). 

ATmega168/328-Arduino Pin Mapping: 

 

 

Fig 4.1.2: Arduino pin mapping 

 

4.2. ULTRA-SONIC SENSOR: 

   The HC-SR04 ultrasonic distance sensor uses sonar to determine distance to an object 

with stable readings and high accuracy of 3mm. The module includes ultrasonic transmitter, 

receiver and control circuit. In order to generate the ultrasound, you have to set the trig on 

high state for 10 microseconds. The trig pin will send out the sonic burst which travels at the 

speed of sound. The soundwave will be bounced back once it interacts with a solid or liquid 

and will then be received in the echo pin. The distance between the sensor and the object will 

be calculated using the time of travel. 

http://www.edgefx.in/wp-content/uploads/2014/07/ATmega168-328Arduino-Pin-Mapping.jpg
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Fig 4.2: Ultra-Sonic Sensor 

 

HC-SR04 Sensor Features 

• Operating voltage: +5V 

• Theoretical Measuring Distance: 2cm to 450cm 

• Practical Measuring Distance: 2cm to 80cm 

• Accuracy: 3mm 

• Measuring angle covered: <15° 

• Operating Current: <15mA 

• Operating Frequency: 40Hz 

 

 

4.3.  GSM MODULE: 

 
         A GSM modem duly interfaced to the MC through the level shifter IC Max232. The 

SIM card mounted GSM modem upon receiving digit command by SMS from any cell phone 

send that data to the MC through serial communication. While the program is executed, the 

GSM modem receives command ‘STOP’ to develop an output at the MC, the contact point of 

which are used to disable the ignition switch. The command so sent by the user is based on an 

intimation received by him through the GSM modem ‘ALERT’ a programmed message only 

if the input is driven low. The complete operation is displayed over 16×2 LCD display.   

GSM will allow communication anywhere, anytime, and with anyone. The functional 

architecture of GSM employing intelligent networking principles, and its ideology, which 

provides the development of GSM is the first step towards a true personal communication. 

 Once the header file is included, you can use simple commands in the program to tell the 

controller to send or receive data. The controller sends the data to the module through UART 

Interface based on protocol setup in libraries. The module sends this data to another GSM 

user using cellular network. If the module receives any data from the cellular network. 
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Fig 4.3: GSM Module 

 

SIM900A GSM MODULE Features 

• Single supply voltage: 3.4V – 4.5V 

• Power saving mode: Typical power consumption in SLEEP mode is 1.5mA 

• Frequency bands: SIM900A Dual-band: EGSM900, DCS1800. The SIM900A can search 

the two frequency bands automatically. The frequency bands also can be set by AT 

command. 

• GSM class: Small MS 

• GPRS connectivity: GPRS multi-slot class 10 (default) , GPRS multi-slot class 8 (option) 

• Transmitting power: Class 4 (2W) at EGSM 900, Class 1 (1W) at DCS 1800 

• Operating Temperature: -30ºC to +80ºC 

• Storage Temperature: -5ºC to +90ºC 

• DATA GPRS: download transfer max is 85.6KBps, Upload transfer max 42.8KBps 

• Supports CSD, USSD, SMS, FAX 

• Supports MIC and Audio Input 

• Speaker Input 

• Features keypad interface 

• Features display interface 

• Features Real Time Clock 

• Supports UART interface 

• Supports single SIM card           

• Firmware upgrade by debug port 

• Communication by using AT commands. 
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 4.4.  TEMPERATURE SENSOR: 

             The LM35 is an integrated circuit sensor that can be used to measure temperature 

with an electrical output proportional to the temperature (in °C). It can measure temperature 

more accurately than a using a thermistor. The sensor circuitry is sealed and not subject to 

oxidation. The LM35 generates a higher output voltage than thermocouples and may not 

require that the output voltage be amplified. The LM35 has an output voltage that is 

proportional to the Celsius temperature. The scale factor is .01V/°C. 

 

Fig 4.4: Temperature Sensor LM35 

 

            There are two transistors in the centre of the drawing. One has ten times the emitter 

area of the other. This means it has one tenth of the current density, since the same current is 

going through both transistors. This causes a voltage across the resistor R1 that is 

proportional to the absolute temperature, and is almost linear across the range. The "almost" 

part is taken care of by a special circuit that straightens out the slightly curved graph of 

voltage versus temperature. 

           The amplifier at the top ensures that the voltage at the base of the left transistor (Q1) is 

proportional to absolute temperature (PTAT) by comparing the output of the two transistors. 

The amplifier at the right converts absolute temperature (measured in Kelvin) into either 

Fahrenheit or Celsius, depending on the part (LM34 or LM35). The little circle with the "i" in 

it is a constant current source circuit. 

           The two resistors are calibrated in the factory to produce a highly accurate temperature 

sensor. The integrated circuit has many transistors in it -- two in the middle, some in each 

amplifier, some in the constant current source, and some in the curvature compensation 

circuit. All of that is fit into the tiny package with three leads. 

 

 

 4.5.  TRANSFORMER: 

           A center-tapped transformer also known as two phase three wire transformer is 

normally used for rectifier circuits. When a digital project has to work with AC mains a 

Transformer is used to step-down the voltage (in our case, to 24V or 12V) and then convert it 

to DC by using a rectifier circuit. In a center-tapped transformer the peak inverse voltage is 

twice as in bridge rectifier hence this transformer is commonly used in full wave rectifier 

circuits. 
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Fig 4.5: Transformer 

A centre-tapped transformer also known as two phase three wire transformer is normally used 

for rectifier circuits. When a digital project has to work with AC mains a Transformer is used 

to step-down the voltage (in our case, to 24V or 12V) and then convert it to DC by using a 

rectifier circuit. In a center-tapped transformer the peak inverse voltage is twice as in bridge 

rectifier hence this transformer is commonly used in full wave rectifier circuits. 

 

 

Fig 4.5.1: Transformer Terminals 
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4.6. VOLTAGE REGULATOR:   

         Regulator may use a simple feed-forward design or may include negative feedback. It 

may use an A voltage regulator is a system designed to automatically maintain a constant 

voltage level. A voltage electromechanical mechanism, or electronic components. Depending 

on the design, it may be used to regulate one or more AC or DC voltages. 

 

 

Fig 4.6: Voltage Regulator 

           A simple voltage/current regulator can be made from a resistor in series with a diode . 

Due to the logarithmic shape of diode V-I curves, the voltage across the diode changes only 

slightly due to changes in current drawn or changes in the input. When precise voltage 

control and efficiency are not important, this design may be fine. Since the forward voltage of 

a diode is small, this kind of voltage regulator is only suitable for low voltage regulated 

output. When higher voltage output is needed, a Zener diode or series of Zener diodes may be 

employed. Zener diode regulators make use of the Zener diode's fixed reverse voltage, which 

can be quite large. 

         Feedback voltage regulators operate by comparing the actual output voltage to some 

fixed reference voltage. Any difference is amplified and used to control the regulation 

element in such a way as to reduce the voltage error. This forms a negative feedback control 

loop; increasing the open-loop gain tends to increase regulation accuracy but reduce stability.  

 

4.7. SPST SWITCH: 

The most familiar form of switch is a manually operated electromechanical device 

with one or more sets of electrical contacts, which are connected to external circuits. Each set 

of contacts can be in one of two states: either "closed" meaning the contacts are touching and 

electricity can flow between them, or "open", meaning the contacts are separated and the 

switch is nonconducting. The mechanism actuating the transition between these two states 

(open or closed) are usually (there are other types of actions) either an "alternate action" (flip 

the switch for continuous "on" or "off") or "momentary" (push for "on" and release for "off") 

type. 

A switch may be directly manipulated by a human as a control signal to a system, 

such as a computer keyboard button, or to control power flow in a circuit, such as a light 

switch. Automatically operated switches can be used to control the motions of machines, for 

example, to indicate that a garage door has reached its full open position or that a machine 

tool is in a position to accept another workpiece. Switches may be operated by process 

variables such as pressure, temperature, flow, current, voltage, and force, acting as sensors in 
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a process and used to automatically control a system. For example, a thermostat is a 

temperature-operated switch used to control a heating process. A switch that is operated by 

another electrical circuit is called a relay. Large switches may be remotely operated by a 

motor drive mechanism. Some switches are used to isolate electric power from a system, 

providing a visible point of isolation that can be padlocked if necessary to prevent accidental 

operation of a machine during maintenance, or to prevent electric shock. 

 

 

Fig 4.7: SPST Switch 

 

            An ideal switch would have no voltage drop when closed, and would have no limits 

on voltage or current rating. It would have zero rise time and fall time during state changes, 

and would change state without "bouncing" between on and off positions. 

Practical switches fall short of this ideal; they have resistance, limits on the current 

and voltage they can handle, finite switching time, etc. 

  

4.8. RESISTOR: 

       A resistor is a passive two-terminal electrical component that implements 

electrical resistance as a circuit element. In electronic circuits, resistors are used to 

reduce current flow, adjust signal levels, to divide voltages, bias active elements, and 

terminate transmission lines, among other uses. High-power resistors that can 

dissipate many watts of electrical power as heat, may be used as part of motor 

controls, in power distribution systems, or as test loads for generators. Fixed resistors 

have resistances that only change slightly with temperature, time or operating voltage. 

Variable resistors can be used to adjust circuit elements (such as a volume control or a lamp 

dimmer), or as sensing devices for heat, light, humidity, force, or chemical activity. 

Resistors are common elements of electrical networks and electronic circuits and are 

ubiquitous in electronic equipment. Practical resistors as discrete components can be 

composed of various compounds and forms. Resistors are also implemented within integrated 

circuits . 

 

https://en.wikipedia.org/wiki/Electrical_network
https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Integrated_circuits
https://en.wikipedia.org/wiki/Integrated_circuits
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Fig 4.8: Resistor 

 

Table-1: Colour Coding 

4.8.1 .10k POT RESISTOR: 

A potentiometer is a three-terminal resistor with a sliding or rotating contact that forms an 

adjustable voltage divider. If only two terminals are used, one end and the wiper, it acts as 

a variable resistor or rheostat.  

The measuring instrument called a potentiometer is essentially a voltage divider used for 

measuring electric potential (voltage); the component is an implementation of the same 

principle, hence its name. 

    

Fig 4.8.1:10K POT Resistor 

 

https://en.wikipedia.org/wiki/Terminal_(electronics)
https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Potentiometer#Rheostat
https://en.wikipedia.org/wiki/Potentiometer_(measuring_instrument)
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Electric_potential
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              Potentiometers are commonly used to control electrical devices such as volume 

controls on audio equipment. Potentiometers operated by a mechanism can be used as 

position transducers, for example, in a joystick. Potentiometers are rarely used to directly 

control significant power, since the power dissipated in the potentiometer would be 

comparable to the power in the controlled load. 

 

4.9.  CAPACITOR: 

                An electrolytic capacitor  is a polarized capacitor whose anode or positive plate is 

made of a metal that forms an insulating oxide layer through anodization. This oxide layer 

acts as the dielectric of the capacitor. A solid, liquid, or gel electrolyte covers the surface of 

this oxide layer, serving as the cathode or negative plate of the capacitor. Due to their very 

thin dielectric oxide layer and enlarged anode surface, electrolytic capacitors have a much 

higher capacitance-voltage (CV) product per unit volume than ceramic capacitors or film 

capacitors, and so can have large capacitance values. There are three families of electrolytic 

capacitor: aluminium electrolytic capacitors, tantalum electrolytic capacitors, and niobium 

electrolytic capacitors. 

           The large capacitance of electrolytic capacitors makes them particularly suitable for 

passing or bypassing low-frequency signals, and for storing large amounts of energy. They 

are widely used for decoupling or noise filtering in power supplies and DC link circuits 

for variable-frequency drives, for coupling signals between amplifier stages, and storing 

energy as in a flashlamp. 

 

 

Fig 4.9: Capacitor 

 

 

         Electrolytic capacitors are polarized components due to their asymmetrical construction 

and must be operated with a higher voltage (ie, more positive) on the anode than on the 

cathode at all times. For this reason the anode terminal is marked with a plus sign and the 

https://en.wikipedia.org/wiki/Transducer
https://en.wikipedia.org/wiki/Joystick
https://en.wikipedia.org/wiki/Capacitor
https://en.wikipedia.org/wiki/Anode
https://en.wikipedia.org/wiki/Oxide
https://en.wikipedia.org/wiki/Anodization
https://en.wikipedia.org/wiki/Dielectric
https://en.wikipedia.org/wiki/Electrolyte
https://en.wikipedia.org/wiki/Cathode
https://en.wikipedia.org/wiki/Capacitance
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Ceramic_capacitor
https://en.wikipedia.org/wiki/Film_capacitor
https://en.wikipedia.org/wiki/Film_capacitor
https://en.wikipedia.org/wiki/Aluminum_electrolytic_capacitor
https://en.wikipedia.org/wiki/Tantalum_capacitor
https://en.wikipedia.org/wiki/Niobium_capacitor
https://en.wikipedia.org/wiki/Niobium_capacitor
https://en.wikipedia.org/wiki/Electronic_filter
https://en.wikipedia.org/wiki/Power_supply
https://en.wikipedia.org/wiki/Variable-frequency_drive
https://en.wikipedia.org/wiki/Amplifier
https://en.wikipedia.org/wiki/Flashlamp
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cathode with a minus sign. Applying a reverse polarity voltage, or a voltage exceeding the 

maximum rated working voltage of as little as 1 or 1.5 volts, can destroy the dielectric and 

thus the capacitor. The failure of electrolytic capacitors can be hazardous, resulting in an 

explosion or fire. Bipolar electrolytic capacitors which may be operated with either polarity 

are also made, using special constructions with two anodes connected in series. 

 

 

4.10. LCD DISPLAY:  

A liquid-crystal display (LCD) is a flat-panel display or other electronically 

modulated optical device that uses the light-modulating properties of liquid crystals. Liquid 

crystals do not emit light directly, instead using a backlight or reflector to produce images in 

colour or monochrome. LCDs are available to display arbitrary image or fixed images with 

low information content, which can be displayed or hidden, such as preset words, digits, 

and seven-segment displays, as in a digital clock. They use the same basic technology, except 

that arbitrary images are made up of a large number of small pixels, while other displays have 

larger elements. 

 

           

Fig 4.10.1: LCD Display 

            

          LCDs are used in a wide range of applications including LCD televisions, computer 

monitors, instrument panels, aircraft cockpit displays, and indoor and outdoor signage. Small 

LCD screens are common in portable consumer devices such as digital 

cameras, watches, calculators, and mobile telephones, including smartphones. LCD screens 

are also used on consumer electronics products such as DVD players, video game devices 

and clocks. LCD screens have replaced heavy, bulky cathode ray tube (CRT) displays in 

nearly all applications. LCD screens are available in a wider range of screen sizes than CRT 

and plasma displays, with LCD screens available in sizes ranging from tiny digital watches to 

very large television receivers. 
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Fig 4.10.2: LCD Display Pin Description 

 

             Since LCD screens do not use phosphors, rarely suffer image burn-in when a static 

image is displayed on a screen for a long time, e.g., the table frame for an airline flight 

schedule on an indoor sign. LCDs are, however, susceptible to image persistence.[2] The LCD 

screen is more energy-efficient and can be disposed of more safely than a CRT can. Its low 

electrical power consumption enables it to be used in battery-powered electronic equipment 

more efficiently than CRTs can be. By 2008, annual sales of televisions with LCD screens 

exceeded sales of CRT units worldwide, and the CRT became obsolete for most purposes. 

 

Table-2: LCD Pin Description 
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4.11. RELAY:  

         A relay is an electrically operated switch. It consists of a set of input terminals for a single 

or multiple control signals, and a set of operating contact terminals. The switch may have any 

number of contacts in multiple contact forms, such as make contacts, break contacts, or 

combinations thereof. 

 

Fig 4.11: Relay 

 

      Relays are used where it is necessary to control a circuit by an independent low-power 

signal, or where several circuits must be controlled by one signal. Relays were first used in 

long-distance telegraph circuits as signal repeaters: they refresh the signal coming in from one 

circuit by transmitting it on another circuit. Relays were used extensively in telephone 

exchanges and early computers to perform logical operations. 

      The traditional form of a relay uses an electromagnet to close or open the contacts, but 

other operating principles have been invented, such as in solid-state relays which 

use semiconductor properties for control without relying on moving parts. Relays with 

calibrated operating characteristics and sometimes multiple operating coils are used to protect 

electrical circuits from overload or faults; in modern electric power systems these functions 

are performed by digital instruments still called protective relays. 

       Latching relays require only a single pulse of control power to operate the switch 

persistently. Another pulse applied to a second set of control terminals, or a pulse with 

opposite polarity, resets the switch, while repeated pulses of the same kind have no effects. 

Magnetic latching relays are useful in applications when interrupted power should not affect 

the circuits that the relay is controlling. 

 

 

https://en.wikipedia.org/wiki/Electric
https://en.wikipedia.org/wiki/Switch
https://en.wikipedia.org/wiki/Electrical_contact#Contact_form
https://en.wikipedia.org/wiki/Electrical_telegraph
https://en.wikipedia.org/wiki/Electromagnet
https://en.wikipedia.org/wiki/Solid-state_relay
https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Moving_parts
https://en.wikipedia.org/wiki/Protective_relay
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4.12. INSULATORS:  

                      Electrical insulators are different from electrical conductors. Electrical 

conductors are those materials which propagate the ease of flow of electricity throughout 

them. They allow charges to flow easily through them. Insulators, on the other hand, are 

materials that do not allow electric charges to flow freely through them. 

                     Conductors have a property called conductivity which defines their ability to 

conduct electricity. For insulators, their effectiveness is determined based on how much 

resistance they offer to the flow of electricity. This property, in contrast to conductivity, is 

called resistivity. 

 

Examples for Insulators are given below 

• Plastic 

• Rubber 

• Wax 

• Wood 

• Glass 

• Air 

• Styrofoam 

 

 

 

Fig 4.12: Insulators 

 

https://byjus.com/physics/electrical-conductors/
https://byjus.com/physics/electrical-conductors/
https://byjus.com/physics/electric-charge/
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             Most non-metals are poor conductors and therefore good insulators. They do not have 

free electrons available to conduct electricity. Materials with larger resistivity values, offer 

greater resistance to the flow of electric current and are therefore better insulators. For 

example, glass has a resistivity value of 1012 Ωm (ohm metre), and copper has a value of 

resistivity of 10-12 Ωm. 

General properties that affect the effectiveness of an insulator are 

• High resistivity as we have already discussed 

• Breakdown voltage 

• Atomic structure 

• Air permeability 

 

             Insulators are mainly used in applications where the prevention of flow of electric 

charges is required. These materials work as effective non-conductors since they lack 

movable electric charges required to propagate electric current. Electrical insulators are used 

mainly as parts in electrical equipment. For example, the electrical wires which transfer 

electricity through households, are covered with insulation material to prevent any safety 

hazards. The electrical plugs have an insulated covering to prevent electricity flowing from 

the metal socket to your body by stopping the flow of electrons. 

 

 

4.13. CONDUCTORS: 

                An electrical conductor is a substance in which electrical charge carriers, 

usually electrons, move easily from atom to atom with the application of voltage. 

Conductivity, in general, is the capacity to transmit something, such as electricity or heat.  

               Pure elemental silver is the best electrical conductor encountered in everyday life. 

Copper, steel, gold, aluminium, and brass are also good conductors. In electrical and 

electronic systems, all conductors comprise solid metals moulded into wires or etched onto 

circuit boards. 

               Some liquids are good electrical conductors. Mercury is an excellent example. A 

saturated salt-water solution acts as a fair conductor. Gases are normally poor conductors 

because the atoms are too far apart to allow a free exchange of electrons. However, if a 

sample of gas contains a significant number of ions, it can act as a fair conductor. 

              A substance that does not conduct electricity is called an insulator or dielectric 

material. Common examples include most gases, porcelain, glass, plastic, and distilled water. 

A material that conducts fairly well, but not very well, is known as a resistor. The most 

https://whatis.techtarget.com/definition/charge-electric-charge
https://whatis.techtarget.com/definition/electron
https://searchcio.techtarget.com/definition/atom
https://whatis.techtarget.com/definition/voltage
https://whatis.techtarget.com/definition/ion
https://whatis.techtarget.com/definition/dielectric-material
https://whatis.techtarget.com/definition/dielectric-material
https://whatis.techtarget.com/definition/resistor
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common example is a combination of carbon and clay, mixed together in a specific ratio to 

produce a constant and predictable opposition to electric current.  

              Substances called semiconductors act as good conductors under some conditions and 

poor conductors under other conditions. Silicon, germanium, and various metal oxides are 

examples of semiconductor materials. In a semiconductor, both electrons and so-

called holes act as charge carriers. 

             At extremely low temperatures, some metals will conduct electricity better than any 

known substance at room temperature. This phenomenon is called superconductivity, and a 

substance that behaves that way is called a superconductor. 

           This electric current is continue to flow till the potential deference exists. For a given 

potential difference, the density of electric current in conductor represents how efficient a 

conductor is. Based on the resistivity the conductors can be classified into two categories i.e. 

low resistivity/high conductivity material and high resistivity/low conductivity materials. 

        Conductors of electricity generally possessed very low resistance for flow of electricity. 

Ideally the resistance of a perfect conductor is zero. However, practically the resistivity of 

conductors varies from low to high. The conductor having low resistivity/high conductivity 

are used as conductor for winding of electrical machines, for transmission lines, for electrical 

contact, earth wire etc. The conducting materials having high resistivity/low conductivity are 

used for making filaments incandescent lamp and heating elements for electric heaters, 

Ovens, furnaces. 

 

Fig 4.13.1: Copper Conductors 

 

 

https://whatis.techtarget.com/definition/current
https://whatis.techtarget.com/definition/semiconductor
https://whatis.techtarget.com/definition/hole
https://whatis.techtarget.com/definition/superconductivity
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://www.electrical4u.com/electrical-conductor/
https://www.electrical4u.com/low-resistivity-or-high-conductivity-of-conducting-material/
https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://www.electrical4u.com/electrical-power-transmission-system-and-network/
https://www.electrical4u.com/incandescent-lamp/
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The general properties of a conductor are listed below. 

In equilibrium condition the conductor exhibits the following properties  

1. Resistance 

2. Inductance 

3. The electric filed inside the conductor is zero 

4. The charge density inside the conductor is zero 

5. Free charge exists only on the surface of the conductor 

6. At the conductor surface, the electric field is normal to the surface. 

 

Resistance of Electric Conductor: 

              Conductors of electricity generally possessed very low resistance for flow of 

electricity. Ideally the resistance of a perfect conductor is zero. However, practically the 

resistivity of conductors varies from low to high. The conductor having low resistivity/high 

conductivity are used as conductor for winding of electrical machines, for transmission lines, 

for electrical contact, earth wire etc. The conducting materials having high resistivity/low 

conductivity are used for making filaments incandescent lamp and heating elements for 

electric heaters, Ovens, furnaces. 

Inductance of Electric Conductor: 

            When a conductor is used on AC supply a magnetic flux is produced. Which is 

consists of two parts. Internal flux and external flux. The value of internal flux is very low as 

compare to external flux. Due to this flux linkage to conductor itself an inductance is come 

into picture. This inductance results in extra voltage drop in conductor. Moreover, this 

inductance is also affect the current distribution over the cross-section area of conductor. Due 

to which, current prefers to flow through outer part of cross-sectional area. This effect is 

called Skin effect. This current distribution over cross-sectional area is also effected by the 

flux linkage to conductor due to current following through nearby conductor. This is called 

Proximity effect of these both effects skin effect and Proximity effect exist only for AC 

supply. These effects do not exist for DC supply, as the flux produced by DC supply remains 

constant over the time. 

 

Electric Field Inside the Conductor is Zero: 

            The electrical field inside a perfect conductor is zero. If the electric field exists inside 

the conductor, it will extract a force on electron and accelerate them. But in equilibrium 

condition the net force on electron is zero. Hence, electric filed does not exists inside the 

conductor. Means the electric field must be external to the conductor. This property of 

conductor make it suitable to be used for electrostatic shielding for electrical equipment. 

 
Charge Density Inside the Conductor is Zero: 

            This electric charge does not exist inside the conductor. The mutual electrostatic 

repulsion force, between like charges i.e. electrons, demands that the electrons must be as far 

as possible. This electrostatic repulsion force pushes the electrons to the surface on 

conductor. Due to which there is no electric charge exists inside the conductor results in zero 

charge density inside the conductor. 

 

https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://www.electrical4u.com/electrical-power-transmission-system-and-network/
https://www.electrical4u.com/incandescent-lamp/
https://www.electrical4u.com/magnetic-flux/
https://www.electrical4u.com/what-is-inductor-and-inductance-theory-of-inductor/
https://www.electrical4u.com/voltage-drop-calculation/
https://www.electrical4u.com/electrical-conductor/
https://www.electrical4u.com/what-is-flux-types-of-flux/
https://www.electrical4u.com/what-is-electric-field/
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Free Charge Exists Only on the Surface of the Conductor: 

As discussed above, the charge particle does not exist inside the conductor. Due to 

electrostatic repulsion force, the electrons move to outer surface of the conductor. Due to 

which there is no electric charge exists inside the conductor. Hence, free electric charge exits 

only on the surface of the conductor. 

Conductor Surface, The Electric Field is Normal to the Surface: 

If we go through the boundary condition of dielectric to conductor, the electric field is normal 

to the surface of conductor and tangent part of electric field to surface is zero. Means, the 

electric field intensity is normal to the surface of conductor and the tangential part of electric 

field intensity is zero. 

 

Types of Aluminium Conductors: 

          Copper was the preferred material for overhead conductors in earlier days, but, 

aluminium has replaced copper because of the much lower cost and lighter weight of the 

aluminium conductor compared with a copper conductor of the same resistance. 

          As it is already mentioned above, aluminium conductors have an edge over copper 

conductors considering combined factors of cost, conductivity, tensile strength, weight etc. 

Aluminium conductors have completely replaced copper conductors in overhead power lines 

because of their lower cost and lower weight. Though an aluminium conductor has larger 

diameter than that of a copper conductor of same resistance, this is actually an advantage 

when Corona is taken into consideration. Corona reduces considerably with increase in the 

conductor diameter. Following are four common types of overhead conductors used 

for overhead transmission and distribution to carry generated power from generating 

stations . 

 

            Generally, all types of conductors are in stranded form in order to increase the 

flexibility. Solid wires, except for very small cross-sectional area, are very difficult to handle 

and, also, they tend to crystallize at the point of support because of swinging in winds. 

 

1. AAC: All Aluminium Conductor 

2. AAAC: All Aluminium Alloy Conductor 

3. ACSR: Aluminium Conductor, Steel Reinforced 

4. ACAR: Aluminium Conductor, Alloy Reinforced 

 

AAC: All Aluminium Conductor 

          This type is sometimes also referred as ASC (Aluminium Stranded Conductor). It is 

made up of strands of EC grade or Electrical Conductor grade aluminium. AAC conductor 

has conductivity about 61% IACS (International Annealed Copper Standard). Despite having 

a good conductivity, because of its relatively poor strength, AAC has limited use in 

transmission and rural distribution lines. However, AAC can be seen in urban areas for 

distribution where spans are usually short but higher conductivity is required. 

 

https://www.electrical4u.com/what-is-electric-field/
https://www.electrical4u.com/electrical-conductor/
http://www.electricaleasy.com/2016/07/corona-discharge.html
http://www.electricaleasy.com/2016/03/basics-of-electrical-power-transmission.html
http://www.electricaleasy.com/2018/01/electric-power-distribution-system.html
http://www.electricaleasy.com/2015/07/power-plants.html
http://www.electricaleasy.com/2015/07/power-plants.html
https://en.wikipedia.org/wiki/International_Annealed_Copper_Standard
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AAAC: All Aluminium Alloy Conductor 

These conductors are made from aluminium alloy 6201 which is a high strength Aluminium-

Magnesium-Silicon alloy. This alloy conductor offers good electrical conductivity (about 

52.5% IACS) with better mechanical strength. Because of AAAC's lighter weight as 

compared to ACSR of equal strength and current capacity, AAAC may be used for 

distribution purposes. However, it is not usually preferred for transmission. Also, AAAC 

conductors can be employed in coastal areas because of their excellent corrosion resistance.   

 

 

Fig 4.13.2: Types of Aluminium Conductors 

ACSR: Aluminium Conductor, Steel Reinforced 

           ACSR consists of a solid or stranded steel core with one or more layers of high purity 

aluminium (aluminium 1350) wires wrapped in spiral. The core wires may be zinc coated 

(galvanized) steel or aluminium coated (aluminized) steel. Galvanization or aluminization 

coatings are thin and are applied to protect the steel from corrosion. The central steel core 

provides additional mechanical strength and, hence, sag is significantly less than all other 

aluminium conductors. ACSR conductors are available in a wide range of steel content - from 

6% to 40%. ACSR with higher steel content is selected where higher mechanical strength is 

required, such as river crossing. ASCR conductors are very widely used for all transmissions. 

 

Aluminium Conductor, Alloy Reinforced 

              ACAR conductor is formed by wrapping strands of high purity aluminium 

(aluminium 1350) on high strength Aluminium-Magnesium-Silicon alloy (6201 aluminium 

alloy) core. ACAR has better electrical as well as mechanical properties than equivalent 

ACSR conductors. ACAR conductors may be used in overhead transmission as well as 

distribution lines. 
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4.14. POLES: 

          The supporting structures for overhead line conductors are various types of poles and 

towers called line supports. The line supports should have the following properties : 

• High mechanical strength to withstand the weight of conductors and wind loads etc. 

• Light in weight without the loss of mechanical strength. 

• Cheap in cost and economical to maintain. 

• Longer life. 

• Easy accessibility of conductors for maintenance. 

 

        The line supports used for transmission and distribution of electric power are of various 

types including  

1. wooden poles 

2. steel poles 

3. RCC poles  

4. lattice steel towers 

 

The choice of supporting structure for a particular case depends upon the line-span, X-

sectional area, line voltage, cost and local conditions. 

   
1. Wooden poles: These are made of seasoned wood and are suitable for lines of the 

moderate X-sectional area and of relatively shorter spans, say up to 50 metres. Such supports 

are cheap, easily available, provide insulating properties and, therefore, are widely used 

for distribution purposes in rural areas as an economic proposition. The wooden poles 

generally tend to rot below the ground level, causing foundation failure. In order to prevent 

this, the portion of the pole below the ground level is impregnated with preservative 

compounds like creosote oil. Double pole structures of the ‘A’ or ‘H’ type are often used to 

obtain a higher transverse strength that could be economically provided by means of single 

poles. 

 

The main objections to wooden supports are:  

(i) the tendency to rot below the ground level 

(ii) comparatively smaller life (20-25 years)  

(iii) cannot be used for voltages higher than 20 kV 

(iv) less mechanical strength and  

(v)  require periodical inspection. 
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Fig 4.14.1: Wooden Poles 

 

 

2. Steel poles: The steel poles are often used as a substitute for wooden poles. They 

possess greater mechanical strength, longer life and permit longer spans to be used. Such 

poles are generally used for distribution purposes in the cities. This type of support needs to 

be galvanised or painted in order to prolong its life. The steel poles are of three types 

 (i) rail poles  (ii) tubular poles and  (iii) rolled steel joints. 

 

3. RCC poles: The reinforced concrete poles have become very popular as line supports 

in recent years. They have greater mechanical strength, longer life and permit longer spans 

than steel poles. Moreover, they give a good outlook, require little maintenance and have 

good insulating properties. The figure shows RCC poles for the single and double circuit. The 

holes in the poles facilitate the climbing of poles and at the same time reduce the weight of 

line supports. The main difficulty with the use of these types of electric poles is the high cost 

of transport owing to their heavyweight. Therefore, such poles are often manufactured at the 

site in order to avoid the heavy cost of transportation. 



28 
 

 

Fig 4.14.2: RCC Poles 

 

4.Steel Towers: In practice, wooden, steel and reinforced concrete poles are used for 

distribution purposes at low voltages, say upto 11 kV. However, for long-

distance transmission at higher voltage, steel towers are invariably employed. Steel 

towers have greater mechanical strength, longer life, can withstand most severe climatic 

conditions and permit the use of longer spans. The risk of interrupted service due to 

broken or punctured insulation is considerably reduced owing to longer spans. Tower 

footings are usually grounded by driving rods into the earth. This minimises the lightning 

troubles as each tower acts as a lightning conductor. The figure below shows a single 

circuit tower. However, at a moderate additional cost, the double-circuit tower can be 

provided as shown in Figure below. The double circuit has the advantage that it 
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ensures continuity of supply. In case there is a breakdown of one circuit, the continuity of 

supply can be maintained by the other circuit. 

 

Fig 4.14.3: Steel Towers 
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CHAPTER -5 

WORKING 

 

 All the connections are given properly. After checking the connections program is 

dumped in Arduino UNO. When the supply is given to the circuit it will shows the status of 

voltages of three phases on the line, Temperature and oil level of transformer on the LCD 

Display. 

         The idea of the device designed is that it is used to detect the kind of fault that has 

occurred in a faulty line. There are four faults to be identified by this circuit they are phase 

failure fault, over voltage fault, oil level reduction fault and temperature rise fault. By using 

Arduino, the fault is detected by the designed circuit and it also displays on the LCD screen.  

Apart from that, a relay circuit is also attached to it in order to save the system from being 

damaged by disconnecting the faulty circuit from the healthy one.  The Arduino has an inbuilt 

ADC circuit which converts analog signal of the supply into digital signals. According to the 

digital signal fed to the microprocessor it detects the normal or abnormal conditions. Thus, 

we finally obtain the tripping as well as display of the fault at same time. Along with this 

GSM is connected to circuit which will send message to the registered mobile number to alert 

the user or engineer. When the fault occurs in three phases, the healthy phases only displayed 

on the screen then we come to know which phase is faulty.  The user received messages also 

shown clearly which fault occurred then it makes user to react quickly. The oil level of the 

transformer will be detected by using ultra sonic sensor whenever the oil level is reduced it 

will detect and sends signal to the Arduino. The temperature rises in conductor or in 

transformer will be deducted by using temperature sensor and sends signal to the Arduino. 

Thus, the four faults will be detected  by using Arduino , sends messages to the user by using 

GSM and sends signal to relay to trip the faulty circuit from healthy part. 
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                                           CHAPTER – 6  

ADVANTAGES 

 

• The main advantage of this circuit is that any man can use this circuit and can know 

the type of fault. 

• By some variations in the circuit one can devise a new protective system for each 

individual phase too. 

• By using the microcontroller circuitry, the project is compact and easy to use. 

• It avoids the man power to identify which type of fault occurred. 

• Ensures power reliability. 
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  CHAPTER – 7 

APPLICATIONS 

 

This project is Applicable in Following Fields: 

• At various hospitals, industries and places where high protection is needed for saving 

the costly equipment's connected to the main line. 

• In educational institutions to protect laboratory equipment's from sudden faults. 
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CHAPTER - 8 

CONCLUSION 

 

• The paper presents a Low-cost, Low power and simple system for transmission line 

fault detection. 

• This system will have highly application in Industries and Hospitlas where it has been 

a higher challenge for safety measures. 

• Future modification may include addition of Over Current Fault detection and 

deduction of inter turn faults in transformer. 

• And our project will prove to be boom for Houses, Hospitals and Industries. 
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Snaps taken during the  project 

During normal condition:                                                      

   

      

Display showing values: 
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When fault occurs: 

 

 

 

 

Display showing status of line: 
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Messages Received By User  
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APPENDIX 

#include <LiquidCrystal.h> 

LiquidCrystal lcd(8, 9, 10, 11, 12, 13); 

const int trigPin1 = 7,echoPin1 = 6; 

int us1,v,c,t,temp,buz=2,cur; 

int r=A4,y=A3,b=A2,L=3; 

 

 

void setup()  

{ 

  //pinMode(buz,OUTPUT); 

  Serial.begin(9600); 

    lcd.begin(16, 2); 

   pinMode(r,INPUT); pinMode(y,INPUT); pinMode(b,INPUT); pinMode(L,OUTPUT);  

  // Print a message to the LCD. 

  lcd.setCursor(0, 0); 

  lcd.print("TRANS LINE FAULT"); 

  lcd.setCursor(0, 1); 

  lcd.print("DETECTION SYSTM "); 

  delay(2000); 

  lcd.setCursor(0, 0); 

  lcd.print("R: Y: B:  V:    "); 

  lcd.setCursor(0, 1); 

  lcd.print("T:     U:       "); 

} 

void loop() 

{ 
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  t=analogRead(A1); 

  v=analogRead(A0); 

  /*c=analogRead(A2); 

  cur=map(c, 0, 1024, 0,50);*/ 

  temp=t*0.488; 

  lcd.setCursor(12, 0);lcd.print(v);lcd.print("  "); 

  lcd.setCursor(2, 1);lcd.print(temp);lcd.print("  "); 

  lcd.setCursor(2, 0);lcd.print(digitalRead(r)); 

  lcd.setCursor(5, 0);lcd.print(digitalRead(y)); 

  lcd.setCursor(8, 0);lcd.print(digitalRead(b)); 

  if(digitalRead(r)==0) 

  { 

    digitalWrite(L,LOW); 

    digitalWrite(buz,HIGH); 

    lcd.setCursor(0, 0); 

    lcd.print("FAULT IN PHASE A"); 

    lcd.setCursor(0, 1); 

    lcd.print("SMS SENDING....!"); 

    SendMessage('4'); 

    lcd.setCursor(0, 0); 

    lcd.print("R: Y: B:  V:    "); 

    lcd.setCursor(0, 1); 

    lcd.print("T:     U:       "); 

  } 

  else if(digitalRead(y)==0) 

  { 

    digitalWrite(L,LOW); 
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    lcd.setCursor(0, 0); 

    lcd.print("FAULT IN PHASE Y"); 

    lcd.setCursor(0, 1); 

    lcd.print("SMS SENDING....!"); 

    SendMessage('5'); 

    lcd.setCursor(0, 0); 

    lcd.print("R: Y: B:  V:    "); 

    lcd.setCursor(0, 1); 

    lcd.print("T:     U:       ");     

  } 

  else if(digitalRead(b)==0) 

  { 

    digitalWrite(L,LOW); 

    lcd.setCursor(0, 0); 

    lcd.print("FAULT IN PHASE B"); 

    lcd.setCursor(0, 1); 

    lcd.print("SMS SENDING....!"); 

    SendMessage('6'); 

    lcd.setCursor(0, 0); 

    lcd.print("R: Y: B:  V:    "); 

    lcd.setCursor(0, 1); 

    lcd.print("T:     U:       ");     

  } 

  u1(); 

  if(us1>15 ) 

  { 

    digitalWrite(L,LOW); 
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    digitalWrite(buz,HIGH); 

    lcd.setCursor(0, 0); 

    lcd.print("OIL LEVEL LOW..!"); 

    lcd.setCursor(0, 1); 

    lcd.print("SMS SENDING....!"); 

    SendMessage('1'); 

    lcd.setCursor(0, 0); 

  lcd.print("R: Y: B:  V:    "); 

  lcd.setCursor(0, 1); 

  lcd.print("T:     U:       "); 

  } 

  else if(v>240) 

  { 

    digitalWrite(L,LOW); 

    digitalWrite(buz,HIGH); 

    lcd.setCursor(0, 0); 

    lcd.print("  OVER VOLTAGE  "); 

    lcd.setCursor(0, 1); 

    lcd.print("SMS SENDING....!"); 

    SendMessage('2'); 

    lcd.setCursor(0, 0); 

    lcd.print("R: Y: B:  V:    "); 

    lcd.setCursor(0, 1); 

    lcd.print("T:     U:       "); 

  } 

   else if(temp>70) 

  { 
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    digitalWrite(L,LOW); 

    digitalWrite(buz,HIGH); 

    lcd.setCursor(0, 0); 

    lcd.print("T/F TEMP EXCEED!"); 

    lcd.setCursor(0, 1); 

    lcd.print("SMS SENDING....!"); 

    SendMessage('3'); 

    lcd.setCursor(0, 0); 

    lcd.print("R: Y: B:  V:    "); 

    lcd.setCursor(0, 1); 

    lcd.print("T:     U:       "); 

  } 

  else 

  { 

    digitalWrite(L,HIGH); 

    digitalWrite(buz,LOW); 

  } 

} 

void beep() 

{ 

  digitalWrite(buz,HIGH);delay(150);digitalWrite(buz,LOW);delay(40); 

} 

long microsecondsToInches(long microseconds) 

{ 

  return microseconds / 74 / 2; 

} 
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long microsecondsToCentimeters(long microseconds) 

{ 

  return microseconds / 29 / 2; 

} 

//--------------------------- 

void u1() 

{ 

  long duration1, inches1, cm1; 

  pinMode(trigPin1, OUTPUT); 

  digitalWrite(trigPin1, LOW); 

  delayMicroseconds(2); 

  digitalWrite(trigPin1, HIGH); 

  delayMicroseconds(10); 

  digitalWrite(trigPin1, LOW); 

  pinMode(echoPin1, INPUT); 

  duration1 = pulseIn(echoPin1, HIGH); 

 

  // convert the time into a distance 

  inches1 = microsecondsToInches(duration1); 

  cm1 = microsecondsToCentimeters(duration1); 

  us1=cm1; 

  Serial.print("U1:"); 

  Serial.print(cm1); 

  Serial.print("cm"); 

  Serial.println(""); 

  //delay(100); 

  lcd.setCursor(9, 1);lcd.print(us1);lcd.print(" "); 
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} 

 void SendMessage(int ll) 

{ 

  if(ll=='1') 

  { 

    Serial.println("AT+CMGF=1");    //Sets the GSM Module in Text Mode 

    delay(2000);  // Delay of 1000 milli seconds or 1 second 

    Serial.println("AT+CMGS=\"8019919098\"\r"); // Replace x with mobile number 

    delay(2000); 

    Serial.println("T/F OIL LEVEL LOW Please TAKE ALERT..!");// The SMS text you 

want to send 

    delay(2000); 

    Serial.println((char)26);// ASCII code of CTRL+Z 

    delay(2000); 

  } 

  else if(ll=='2') 

  { 

    Serial.println("AT+CMGF=1");    //Sets the GSM Module in Text Mode 

    delay(2000);  // Delay of 1000 milli seconds or 1 second 

    Serial.println("AT+CMGS=\"8019919098\"\r"); // Replace x with mobile number 

    delay(2000); 

    Serial.println("OVER VOLTAGE DETECT Please TAKE ALERT..!");// The SMS text 

you want to send 

    delay(2000); 

    Serial.println((char)26);// ASCII code of CTRL+Z 

    delay(2000); 

  } 

  else if(ll=='3') 
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  { 

    Serial.println("AT+CMGF=1");    //Sets the GSM Module in Text Mode 

    delay(2000);  // Delay of 1000 milli seconds or 1 second 

    Serial.println("AT+CMGS=\"8019919098\"\r"); // Replace x with mobile number 

    delay(2000); 

    Serial.println("T/F TEMPERATURE EXCEED Please TAKE ALERT..!");// The SMS text 

you want to send 

    delay(2000); 

    Serial.println((char)26);// ASCII code of CTRL+Z 

    delay(2000); 

  } 

  else if(ll=='4') 

  { 

    Serial.println("AT+CMGF=1");    //Sets the GSM Module in Text Mode 

    delay(2000);  // Delay of 1000 milli seconds or 1 second 

    Serial.println("AT+CMGS=\"8019919098\"\r"); // Replace x with mobile number 

    delay(2000); 

    Serial.println("Fault at Phase R Occured Please TAKE ALERT..!");// The SMS text you 

want to send 

    delay(2000); 

    Serial.println((char)26);// ASCII code of CTRL+Z 

    delay(2000); 

  } 

  else if(ll=='5') 

  { 

    Serial.println("AT+CMGF=1");    //Sets the GSM Module in Text Mode 

    delay(2000);  // Delay of 1000 milli seconds or 1 second 

    Serial.println("AT+CMGS=\"8019919098\"\r"); // Replace x with mobile number 
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    delay(2000); 

    Serial.println("Fault at Phase Y Occured Please TAKE ALERT..!");// The SMS text you 

want to send 

    delay(2000); 

    Serial.println((char)26);// ASCII code of CTRL+Z 

    delay(2000); 

  } 

 

  else if(ll=='6') 

  { 

    Serial.println("AT+CMGF=1");    //Sets the GSM Module in Text Mode 

    delay(2000);  // Delay of 1000 milli seconds or 1 second 

    Serial.println("AT+CMGS=\"8019919098\"\r"); // Replace x with mobile number 

    delay(2000); 

    Serial.println("Fault at Phase B Occured Please TAKE ALERT..!");// The SMS text you 

want to send 

    delay(2000); 

    Serial.println((char)26);// ASCII code of CTRL+Z 

    delay(2000); 

  } 

} 
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PROJECT PROFORMA 

 

 

Classification   of Project 

Application Product Research Review 

      ✓    

Note: Tick Appropriate category. 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team. 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1 2 1 2 1 3 2 1 1 2 2 1 2 3 1 

Outcome 2 1 2 2 1 3 2 2 1 1 2 3 2 2 1 

Outcome 3 3 2 3 2 1 1 2 2 3 1 2 1 2 1 

Outcome 4 3 3 1 2 2 2 1 2 1 1 2 2 3 1 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based      

on level of mapping as follows: 

 1-Slightly (Low) mapped   2-Moderately (Medium) mapped   3-Substantially (High) mapped 

 

Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 
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2. Problem analysis: Identify, formulate, research literature, and analyse complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of the information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modelling to complex  

    engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  

    solutions in societal and environmental contexts, and demonstrate the knowledge of,  

    and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

    norms of the engineering practice. 
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9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 

 

Programme Specific Outcomes(PSO) 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

2. Analyse, design and develop control systems, industrial drives and power systems using 

modern tools 
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ABSTRACT 

Hybrid Robot Powered by Solar & Wind energy with Wireless control system.  Hybrid Robot 

that can be powered up using the Solar and Wind energy with complete wireless remote control 

system using 433Mhz Radio Frequency Transmitter and Receiver module. The control system is 

entirely based on the Arduino Uno. We can activate the battery charging from the Solar Panel or 

from the Wind Turbine. We can disconnect the charging and we can also connect both the 

voltage sources “Solar & Wind”. Relay based H-bridges are used to control the Forward and 

Reverse movements of the DC gear motors. 

Keywords: Dc gear motors, Mega2560, 433Mhz Radio Frequency Modules, Hybrid robot 

programming. 
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CHAPTER 1 

                                      INTRODUCTION 

It is possible that the world will face a global energy crisis due to a decline in the 

availability of cheap oil and recommendations to a decreasing dependency on fossil fuel.  This 

has led to increasing interest in alternate power fuel research such as fuel cell technology, 

hydrogen fuel, biodiesel, solar energy, geothermal energy, tidal energy and wind. Today, solar 

energy and wind energy have significantly alternated fossil fuel with big ecological problems. 

Hybrid Robot Powered by Solar & Wind energy with Wireless control system Hybrid 

Robot that can be powered up using the Solar and Wind energy with complete wireless remote 

control system. 

Hybrid Robot Powered by Solar & Wind energy with Wireless control system  we make a 

Hybrid Robot that can be powered up using the Solar and Wind energy with complete wireless 

remote control system using 433Mhz Radio Frequency Transmitter and Receiver module. The 

control system is entirely based on the Arduino Uno. 

The Forward, Reverse, Left, and Right movement of the Hybrid Robot is controlled using the 

Transmitter circuit consisting of the Pushbuttons. The 12 volt Battery charging can also be 

controlled using the transmitter circuit. We can activate the battery charging from the Solar Panel 

or from the Wind Turbine. We can disconnect the charging and we can also connect both the 

voltage sources “Solar & Wind”. 

Relay based H-bridges are used to control the Forward and Reverse movements of the DC 

gear motors. The transmitter side will be powered up using the 9 volt battery. While, the receiver 

side is powered up using a 12 volt battery, which will be charged using the Solar and Wind 

energy. This is an ideal project and it can be further modified, some sensors can be installed for 

obstacle detection or any other projects. 
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CHAPTER 2 

RENEWABLE ENERGY 

Renewable energy is energy that is collected from renewable resources, which are 

naturally replenished on a human timescale, such as sunlight, wind, rain, tides, waves, 

and geothermal heat.Renewable energy often provides energy in four important areas: electricity 

generation, air and water heating/cooling, transportation, and rural (off-grid) energy services.  

Based on REN21's 2017 report, renewables contributed 19.3% to humans' global energy 

consumption and 24.5% to their generation of electricity in 2015 and 2016, respectively. This 

energy consumption is divided as 8.9% coming from traditional biomass, 4.2% as heat energy 

(modern biomass, geothermal and solar heat), 3.9% from hydroelectricity and the remaining 

2.2% is electricity from wind, solar, geothermal, and other forms of biomass. Worldwide 

investments in renewable technologies amounted to more than US$286 billion in 2015. In 2017, 

worldwide investments in renewable energy amounted to US$279.8 billion with China 

accounting for US$126.6 billion or 45% of the global investments, the United States for US$40.5 

billion and Europe for US$40.9 billion.Globally there are an estimated 7.7 million jobs 

associated with the renewable energy industries, with solar photovoltaics being the largest 

renewable employer.  

Renewable energy systems are rapidly becoming more efficient and cheaper and their 

share of total energy consumption is increasing. As of 2019, more than two-thirds of worldwide 

newly installed electricity capacity was renewable. Growth in consumption of coal and oil could 

end by 2020 due to increased uptake of renewables and natural gas.  

At the national level, at least 30 nations around the world already have renewable energy 

contributing more than 20 percent of energy supply. National renewable energy markets are 

projected to continue to grow strongly in the coming decade and beyond. Some places and at 

least two countries, Iceland and Norway, generate all their electricity using renewable energy 

already, and many other countries have the set a goal to reach 100% renewable energy in the 

future. At least 47 nations around the world already have over 50 percent of electricity from 

renewable resources. Renewable energy resources exist over wide geographical areas, in contrast 

to fossil fuels, which are concentrated in a limited number of countries. Rapid deployment of 

renewable energy and energy efficiency technologies is resulting in significant energy 

security, climate change mitigation, and economic benefits. In international public opinion 

surveys there is strong support for promoting renewable sources such as solar power and wind 

power.  

https://en.wikipedia.org/wiki/Renewable_resource
https://en.wikipedia.org/wiki/Orders_of_magnitude_(time)
https://en.wikipedia.org/wiki/Sunlight
https://en.wikipedia.org/wiki/Wind_power
https://en.wikipedia.org/wiki/Rain
https://en.wikipedia.org/wiki/Tidal_power
https://en.wikipedia.org/wiki/Wave_power
https://en.wikipedia.org/wiki/Geothermal_energy
https://en.wikipedia.org/wiki/Electricity_generation
https://en.wikipedia.org/wiki/Electricity_generation
https://en.wikipedia.org/wiki/Space_heating
https://en.wikipedia.org/wiki/Water_heating
https://en.wikipedia.org/wiki/Air_conditioning
https://en.wikipedia.org/wiki/Transportation
https://en.wikipedia.org/wiki/Stand-alone_power_system
https://en.wikipedia.org/wiki/REN21
https://en.wikipedia.org/wiki/World_energy_consumption
https://en.wikipedia.org/wiki/World_energy_consumption
https://en.wikipedia.org/wiki/Biomass
https://en.wikipedia.org/wiki/Solar_photovoltaics
https://en.wikipedia.org/wiki/100%25_renewable_energy
https://en.wikipedia.org/wiki/Fossil_fuel
https://en.wikipedia.org/wiki/Efficient_energy_use
https://en.wikipedia.org/wiki/Energy_security_and_renewable_technology
https://en.wikipedia.org/wiki/Energy_security_and_renewable_technology
https://en.wikipedia.org/wiki/Climate_change_mitigation
https://en.wikipedia.org/wiki/Public_opinion_surveys
https://en.wikipedia.org/wiki/Public_opinion_surveys
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While many renewable energy projects are large-scale, renewable technologies are also 

suited to rural and remote areas and developing countries, where energy is often crucial 

in human development. As most of renewable energy technologies provide electricity, renewable 

energy deployment is often applied in conjunction with further electrification, which has several 

benefits: electricity can be converted to heat (where necessary generating higher temperatures 

than fossil fuels), can be converted into mechanical energy with high efficiency, and is clean at 

the point of consumption. In addition, electrification with renewable energy is more efficient and 

therefore leads to significant reductions in primary energy requirements.  

2.1 Main stream technologies 

➢ WIND POWER: 

 

Fig.No: 2.1.1Global Map of Wind Power Density Potential. 

Worldwide installed capacity of wind power was 564 GW. 

Air flow can be used to run wind turbines. Modern utility-scale wind turbines range from 

around 600 kW to 9 MW of rated power. The power available from the wind is a function of the 

cube of the wind speed, so as wind speed increases, power output increases up to the maximum 

output for the particular turbine. Areas where winds are stronger and more constant, such as 

offshore and high-altitude sites, are preferred locations for wind farms. Typically, full load 

hours of wind turbines vary between 16 and 57 percent annually, but might be higher in 

particularly favorable offshore sites.  

Wind-generated electricity met nearly 4% of global electricity demand in 2015, with 

nearly 63 GW of new wind power capacity installed. Wind energy was the leading source of new 

capacity in Europe, the US and Canada, and the second largest in China. In Denmark, wind 

energy met more than 40% of its electricity demand while Ireland, Portugal and Spain each met 

nearly 20%. 

https://en.wikipedia.org/wiki/Rural
https://en.wikipedia.org/wiki/Renewable_energy_in_developing_countries
https://en.wikipedia.org/wiki/Human_development_(humanity)
https://en.wikipedia.org/wiki/Electrification
https://en.wikipedia.org/wiki/Installed_wind_power_capacity
https://en.wikipedia.org/wiki/Wind_turbine
https://en.wikipedia.org/wiki/Altitude
https://en.wikipedia.org/wiki/Capacity_factor
https://en.wikipedia.org/wiki/Capacity_factor


4 
 

Globally, the long-term technical potential of wind energy is believed to be five times total 

current global energy production, or 40 times current electricity demand, assuming all practical 

barriers needed were overcome. This would require wind turbines to be installed over large 

areas, particularly in areas of higher wind resources, such as offshore. As offshore wind speeds 

average ~90% greater than that of land, so offshore resources can contribute substantially more 

energy than land-stationed turbines.  

➢ HYDRO POWER: 

Since water is about 800 times denser than air, even a slow flowing stream of water, or 

moderate sea swell, can yield considerable amounts of energy. There are many forms of water 

energy: Historically, hydroelectric power came from constructing large hydroelectric dams and 

reservoirs, which are still popular in developing countries.The largest of them are the Three 

Gorges Dam (2003) in China and the Itaipu Dam (1984) built by Brazil and Paraguay. Small 

hydro systems are hydroelectric power installations that typically produce up to 50 MW of 

power. They are often used on small rivers or as a low-impact development on larger rivers. 

China is the largest producer of hydroelectricity in the world and has more than 45,000 small 

hydro installations.  

 

Fig.No: 2.1.2 Hydro power plant 

Run-of-the-river hydroelectricity plants derive energy from rivers without the creation of a 

large reservoir. The water is typically conveyed along the side of the river valley (using 

channels, pipes and/or tunnels) until it is high above the valley floor, whereupon it can allowed 

https://en.wikipedia.org/wiki/Density_of_air
https://en.wikipedia.org/wiki/Swell_(ocean)
https://en.wikipedia.org/wiki/List_of_largest_hydroelectric_power_stations
https://en.wikipedia.org/wiki/Three_Gorges_Dam
https://en.wikipedia.org/wiki/Three_Gorges_Dam
https://en.wikipedia.org/wiki/China
https://en.wikipedia.org/wiki/Itaipu_Dam
https://en.wikipedia.org/wiki/Small_hydro
https://en.wikipedia.org/wiki/Small_hydro
https://en.wikipedia.org/wiki/Run-of-the-river_hydroelectricity
https://en.wikipedia.org/wiki/Reservoir
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to fall through a penstock to drive a turbine. This style of generation may still produce a large 

amount of electricity, such as the Chief Joseph Dam on the Columbia river in the United States.  

Hydropower is produced in 150 countries, with the Asia-Pacific region generating 32 

percent of global hydropower in 2010. For countries having the largest percentage of electricity 

from renewables, the top 50 are primarily hydroelectric. China is the largest hydroelectricity 

producer, with 721 terawatt-hours of production in 2010, representing around 17 percent of 

domestic electricity use. There are now three hydroelectricity stations larger than 10 GW: 

the Three Gorges Dam in China, Itaipu Dam across the Brazil/Paraguay border, and Guri Dam in 

Venezuela.  

Wave power, which captures the energy of ocean surface waves, and tidal power, converting 

the energy of tides, are two forms of hydropower with future potential; however, they are not yet 

widely employed commercially. A demonstration project operated by the Ocean Renewable 

Power Company on the coast of Maine, and connected to the grid, harnesses tidal power from 

the Bay of Fundy, location of world's highest tidal flow. Ocean thermal energy conversion, 

which uses the temperature difference between cooler deep and warmer surface waters, currently 

has no economic feasibility 

➢ SOLAR ENERGY: 

 

Fig.No: 2.1.3 Global Map of Global Horizontal Irradiation. 

Solar energy, radiant light and heat from the sun, is harnessed using a range of ever-

evolving technologies such as solar heating, photovoltaics, concentrated solar 

power (CSP), concentrator photovoltaics (CPV), solar architecture and artificial photosynthesis. 

Solar technologies are broadly characterized as either passive solar or active solar depending on 

https://en.wikipedia.org/wiki/Chief_Joseph_Dam
https://en.wikipedia.org/wiki/List_of_countries_by_electricity_production_from_renewable_sources
https://en.wikipedia.org/wiki/Three_Gorges_Dam
https://en.wikipedia.org/wiki/Itaipu_Dam
https://en.wikipedia.org/wiki/Guri_Dam
https://en.wikipedia.org/wiki/Wave_power
https://en.wikipedia.org/wiki/Tidal_power
https://en.wikipedia.org/wiki/Ocean_Renewable_Power_Company
https://en.wikipedia.org/wiki/Ocean_Renewable_Power_Company
https://en.wikipedia.org/wiki/Maine
https://en.wikipedia.org/wiki/Bay_of_Fundy
https://en.wikipedia.org/wiki/Ocean_thermal_energy_conversion
https://en.wikipedia.org/wiki/Solar_energy
https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/Sun
https://en.wikipedia.org/wiki/Solar_heating
https://en.wikipedia.org/wiki/Photovoltaics
https://en.wikipedia.org/wiki/Concentrated_solar_power
https://en.wikipedia.org/wiki/Concentrated_solar_power
https://en.wikipedia.org/wiki/Concentrator_photovoltaics
https://en.wikipedia.org/wiki/Solar_architecture
https://en.wikipedia.org/wiki/Artificial_photosynthesis
https://en.wikipedia.org/wiki/Passive_solar
https://en.wikipedia.org/wiki/Active_solar
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the way they capture, convert, and distribute solar energy. Passive solar techniques include 

orienting a building to the Sun, selecting materials with favorable thermal mass or light 

dispersing properties, and designing spaces that naturally circulate air. Active solar technologies 

encompass solarthermalenergy,using solarcollectors forheating,and solarpower,converting sunlig

ht into electricity either directly using photovoltaics (PV), or indirectly using concentrated solar 

power (CSP). 

A photovoltaic system converts light into electrical direct current (DC) by taking 

advantage of the photoelectric effect. Solar PV has turned into a multi-billion, fast-

growing industry, continues to improve its cost-effectiveness, and has the most potential of any 

renewable technologies together with CSP. Concentrated solar power (CSP) systems use lenses 

or mirrors and tracking systems to focus a large area of sunlight into a small beam. Commercial 

concentrated solar power plants were first developed in the 1980s. CSP-Stirling has by far the 

highest efficiency among all solar energy technologies. 

In 2011, the International Energy Agency said that "the development of affordable, 

inexhaustible and clean solar energy technologies will have huge longer-term benefits. It will 

increase countries' energy security through reliance on an indigenous, inexhaustible and mostly 

import-independent resource, enhance sustainability, reduce pollution, lower the costs of 

mitigating climate change, and keep fossil fuel prices lower than otherwise. These advantages 

are global. Hence the additional costs of the incentives for early deployment should be 

considered learning investments; they must be wisely spent and need to be widely shared". Italy 

has the largest proportion of solar electricity in the world; in 2015, solar supplied 7.7% of 

electricity demand in Italy. In 2017, after another year of rapid growth, solar generated 

approximately 2% of global power, or 460 TWh.  

➢ Geothermal energy: 

High Temperature Geothermal energy is from thermal energy generated and stored in the 

Earth. Thermal energy is the energy that determines the temperature of matter. Earth's 

geothermal energy originates from the original formation of the planet and from radioactive 

decay of minerals (in currently uncertain but possibly roughly equal proportions). 

The geothermal gradient, which is the difference in temperature between the core of the planet 

and its surface, drives a continuous conduction of thermal energy in the form of heat from the 

core to the surface. The adjective geothermal originates from the Greek roots geo, meaning 

earth, and thermos, meaning heat. 

The heat that is used for geothermal energy can be from deep within the Earth, all the way 

down to Earth's core – 4,000 miles (6,400 km) down. At the core, temperatures may reach over 

9,000 °F (5,000 °C). Heat conducts from the core to surrounding rock. Extremely high 

https://en.wikipedia.org/wiki/Thermal_mass
https://en.wikipedia.org/wiki/Ventilation_(architecture)
https://en.wikipedia.org/wiki/Solar_thermal_energy
https://en.wikipedia.org/wiki/Solar_thermal_collector
https://en.wikipedia.org/wiki/Solar_power
https://en.wikipedia.org/wiki/Sunlight
https://en.wikipedia.org/wiki/Sunlight
https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Photovoltaics
https://en.wikipedia.org/wiki/Concentrated_solar_power
https://en.wikipedia.org/wiki/Concentrated_solar_power
https://en.wikipedia.org/wiki/Photovoltaic_system
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Photoelectric_effect
https://en.wikipedia.org/wiki/Growth_of_photovoltaics
https://en.wikipedia.org/wiki/Growth_of_photovoltaics
https://en.wikipedia.org/wiki/Dish_stirling
https://en.wikipedia.org/wiki/International_Energy_Agency
https://en.wikipedia.org/wiki/Sustainability
https://en.wikipedia.org/wiki/Climate_change
https://en.wikipedia.org/wiki/Fossil_fuel
https://en.wikipedia.org/wiki/Thermal_energy
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Radioactive_decay
https://en.wikipedia.org/wiki/Radioactive_decay
https://en.wikipedia.org/wiki/Geothermal_gradient
https://en.wikipedia.org/wiki/Heat
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temperature and pressure cause some rock to melt, which is commonly known as magma. 

Magma convects upward since it is lighter than the solid rock. This magma then heats rock and 

water in the crust, sometimes up to 700 °F (371 °C).  

Low Temperature Geothermal refers to the use of the outer crust of the earth as a Thermal 

Battery to facilitate Renewable thermal energy for heating and cooling buildings, and other 

refrigeration and industrial uses.  

 

Fig.No: 2.1.4 Geothermal power plant 

In this form of Geothermal, a Geothermal Heat Pump and Ground-coupled heat 

exchanger are used together to move heat energy into the earth (for cooling) and out of the earth 

(for heating) on a varying seasonal basis. Low temperature Geothermal (generally referred to as 

"GHP") is an increasingly important renewable technology because it both reduces total annual 

energy loads associated with heating and cooling, and it also flattens the electric demand curve 

eliminating the extreme summer and winter peak electric supply requirements. Thus Low 

Temperature Geothermal/GHP is becoming an increasing national priority with multiple tax 

credit support and focus as part of the ongoing movement toward Net Zero Energy.  

 

Bio energy: 

Biomass is biological material derived from living, or recently living organisms. It most 

often refers to plants or plant-derived materials which are specifically called lignocellulosic 

biomass. As an energy source, biomass can either be used directly via combustion to produce 

heat, or indirectly after converting it to various forms of biofuel. Conversion of biomass to 

biofuel can be achieved by different methods which are broadly classified 

into: thermal, chemical, and biochemical methods. Wood remains the largest biomass energy 

source today. examples include forest residues – such as dead trees, branches and tree stumps –, 

https://en.wikipedia.org/wiki/Thermal_Battery
https://en.wikipedia.org/wiki/Thermal_Battery
https://en.wikipedia.org/wiki/Renewable_thermal_energy
https://en.wikipedia.org/wiki/Geothermal_heat_pump
https://en.wikipedia.org/wiki/Ground-coupled_heat_exchanger
https://en.wikipedia.org/wiki/Ground-coupled_heat_exchanger
https://en.wikipedia.org/wiki/Biomaterial
https://en.wikipedia.org/wiki/Lignocellulosic_biomass
https://en.wikipedia.org/wiki/Lignocellulosic_biomass
https://en.wikipedia.org/wiki/Biofuel
https://en.wikipedia.org/wiki/Tree_stump
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yard clippings, wood chips and even municipal solid waste. In the second sense, biomass 

includes plant or animal matter that can be converted into fibers or other industrial chemicals, 

including biofuels. Industrial biomass can be grown from numerous types 

ofplants,including miscanthus, switchgrass, hemp, corn, poplar, willow, sorghum, sugarcane, ba

mboo, and a variety of tree species, ranging from eucalyptus to oil palm (palm oil). 

Plant energy is produced by crops specifically grown for use as fuel that offer high 

biomass output per hectare with low input energy. The grain can be used for liquid transportation 

fuels while the straw can be burned to produce heat or electricity. Plant biomass can also be 

degraded from cellulose to glucose through a series of chemical treatments, and the resulting 

sugar can then be used as a first generation biofuel. 

 

Fig.No: 2.1.5 Electricity Generation powered by biomass 

Biomass can be converted to other usable forms of energy such as methane gas or 

transportation fuels such as ethanol and biodiesel. Rotting garbage, and agricultural and human 

waste, all release methane gas – also called landfill gas or biogas. Crops, such as corn and 

sugarcane, can be fermented to produce the transportation fuel, ethanol. Biodiesel, another 

transportation fuel, can be produced from left-over food products such as vegetable oils and 

animal fats. Also, biomass to liquids (BTLs) and cellulosic ethanol are still under research. There 

is a great deal of research involving algal fuel or algae-derived biomass due to the fact that it is a 

non-food resource and can be produced at rates 5 to 10 times those of other types of land-based 

agriculture, such as corn and soy. Once harvested, it can be fermented to produce biofuels such 

as ethanol, butanol, and methane, as well as biodiesel and hydrogen. The biomass used for 

electricity generation varies by region. Forest by-products, such as wood residues, are common 

in the United States. Agricultural waste is common in Mauritius (sugar cane residue) 

and Southeast Asia (rice husks). Animal husbandry residues, such as poultry litter, are common 

in the United Kingdom.  

Biofuels include a wide range of fuels which are derived from biomass. The term 

covers solid, liquid, and gaseous fuels. Liquid biofuels include bioalcohols, such as bioethanol, 
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and oils, such as biodiesel. Gaseous biofuels include biogas, landfill gas and synthetic 

gas. Bioethanol is an alcohol made by fermenting the sugar components of plant materials and it 

is made mostly from sugar and starch crops. These include maize, sugarcane and, more 

recently, sweet sorghum. The latter crop is particularly suitable for growing in dryland 

conditions, and is being investigated by International Crops Research Institute for the Semi-Arid 

Tropics for its potential to provide fuel, along with food and animal feed, in arid parts of Asia 

and Africa.  

With advanced technology being developed, cellulosic biomass, such as trees and grasses, 

are also used as feedstocks for ethanol production. Ethanol can be used as a fuel for vehicles in 

its pure form, but it is usually used as a gasoline additive to increase octane and improve vehicle 

emissions. Bioethanol is widely used in the United States and in Brazil. The energy costs for 

producing bio-ethanol are almost equal to, the energy yields from bio-ethanol. However, 

according to the European Environment Agency, biofuels do not address global warming 

concerns. Biodiesel is made from vegetable oils, animal fats or recycled greases. It can be used 

as a fuel for vehicles in its pure form, or more commonly as a diesel additive to reduce levels of 

particulates, carbon monoxide, and hydrocarbons from diesel-powered vehicles. Biodiesel is 

produced from oils or fats using transesterification and is the most common biofuel in Europe. 

Biofuels provided 2.7% of the world's transport fuel in 2010.  

Biomass, biogas and biofuels are burned to produce heat/power and in doing so harm the 

environment. Pollutants such as sulphurous oxides (SOx), nitrous oxides (NOx), and particulate 

matter (PM) are produced from the combustion of biomass; the World Health Organisation 

estimates that 7 million premature deaths are caused each year by air pollution.Biomass 

combustion is a major contributor. 

2.2 integration into the energy systems 

Renewable energy production from some sources such as wind and solar is more variable 

and more geographically spread than technology based on fossil fuels and nuclear. While 

integrating it into the wider energy system is feasible, it does lead to some additional challenges. 

In order for the energy system to remain stable, a set of measurements can be taken. 

Implementation of energy storage, using a wide variety of renewable energy technologies, and 

implementing a smart grid in which energy is automatically used at the moment it is produced 

can reduce risks and costs of renewable energy implementation.[85] In some locations, individual 

households can opt to purchase renewable energy through a consumer green energy program. 

Electrical energy storage Electrical energy storage is a collection of methods used to store 

electrical energy. Electrical energy is stored during times when production especially from 
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intermittent sources such as wind power, tidal power, solar power exceeds consumption, and 

returned to the grid when production falls below consumption. Pumped-storage 

hydroelectricity accounts for more than 90% of all grid power storage. Costs of lithium-ion 

batteries are dropping rapidly, and are increasingly being deployed grid ancillary services and for 

domestic storage. 

2.3 Growth of renewable  

 

Fig.No:2.3.1 representation of growth of renewable power capacity 

 worldwide renewable energy capacity grew at rates of 10–60% annually for many 

technologies. In 2015 global investment in renewables rose 5% to $285.9 billion, breaking the 

previous record of $278.5 billion in 2011. 2015 was also the first year that saw renewables, 

excluding large hydro, account for the majority of all new power capacity (134 GW, making up 

53.6% of the total). Of the renewables total, wind accounted for 72 GW and solar photovoltaics 

56 GW; both record-breaking numbers and sharply up from 2014 figures (49 GW and 45 GW 

respectively). In financial terms, solar made up 56% of total new investment and wind accounted 

for 38%. 

In 2014 global wind power capacity expanded 16% to 369,553 MW. Yearly wind energy 

production is also growing rapidly and has reached around 4% of worldwide electricity usage, 

11.4% in the EU, and it is widely used in Asia, and the United States. In 2015, worldwide 

installed photovoltaics capacity increased to 227 gigawatts (GW), sufficient to supply 1 percent 

of global electricity demands. Solar thermal energy stations operate in the United States and 

Spain, and as of 2016, the largest of these is the 392 MW Ivanpah Solar Electric Generating 

System in California.The world's largest geothermal power installation is The Geysers in 

California, with a rated capacity of 750 MW. Brazil has one of the largest renewable energy 

programs in the world, involving production of ethanol fuel from sugar cane, and ethanol now 

provides 18% of the country's automotive fuel. Ethanol fuel is also widely available in the 

United States. 
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In 2017, investments in renewable energy amounted to US$279.8 billion worldwide, with 

China accounting for US$126.6 billion or 45% of the global investments, the US for US$40.5 

billion, and Europe for US$40.9 billion. The results of a recent review of the literature concluded 

that as greenhouse gas (GHG) emitters begin to be held liable for damages resulting from GHG 

emissions resulting in climate change, a high value for liability mitigation would provide 

powerful incentives for deployment of renewable energy technologies.  

 

Fig.No: 2.3.2 Future projections 

 

2.4  Trends for Individual Technologies 

➢ Hydroelectricity 

The world renewable hydropower capacity was 1,154 GW.Only a quarter of the worlds 

estimated hydroelectric potential of 14,000 TWh/year has been developed, the regional potentials 

for the growth of hydropower around the world are, 71% Europe, 75% North America, 79% 

South America, 95% Africa, 95% Middle East, 82% Asia Pacific. However, the political realities 

of new reservoirs in western countries, economic limitations in the third world and the lack of a 

transmission system in undeveloped areas, result in the possibility of developing 25% of the 

remaining potential before 2050, with the bulk of that being in the Asia Pacific area.There is 

slow growth taking place in Western counties,but not in the conventional dam and reservoir style 

of the past. New projects take the form of run-of-the-river and small hydro, neither using large 

reservoirs. It is popular to repower old dams thereby increasing their efficiency and capacity as 

well as quicker responsiveness on the grid.Where circumstances permit existing dams such as 

the Russell Dam built in 1985 may be updated with "pump back" facilities for pumped-

storage which is useful for peak loads or to support intermittent wind and solar power. Countries 

with large hydroelectric developments such as Canada and Norway are spending billions to 

expand their grids to trade with neighboring countries having limited hydro. 
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➢ Wind power development: 

Wind power is widely used in Europe, China, and the United States. From 2004 to 2017, 

worldwide installed capacity of wind power has been growing from 47 GW to 514 GW—a more 

than tenfold increase within 13 years As of the end of 2014, China, the United States 

and Germany combined accounted for half of total global capacity. Several other countries have 

achieved relatively high levels of wind power penetration, such as 21% of stationary electricity 

production in Denmark, 18% in Portugal, 16% in Spain, and 14% in Ireland in 2010 and have 

since continued to expand their installed capacity. More than 80 countries around the world are 

using wind power on a commercial basis.  

Wind turbines are increasing in power with some commercially deployed models generating 

over 8MW per turbine. More powerful models are in development, see list of most powerful 

wind turbines. Offshore wind powerAs of 2017, offshore wind power amounted to 18.7 GW of 

global installed capacity, accounting for only 3.6% of the total wind power capacity. The United 

Kingdom is the undisputed leader of offshore power with half of the world's installed capacity 

ahead of Denmark, Germany, Belgium and China. List of offshore and onshore wind farms 

As of 2013, the Alta Wind Energy Center (California, 1.5 GW) is the world's largest single wind 

farm.The Walney Extension (London, 0.7 GW) is the largest offshore wind farm in the 

world. Gansu Wind Farm (China, 7.9 GW) is the largest wind energy project generating project 

consisting of 18 wind farms 

➢ Solar thermal: 

Spain is the world leader in solar thermal power deployment with 2.3 GW deployed. 

The United States has 1.8 GW, most of it in California where 1.4 GW of solar thermal power 

projects are operational.Several power plants have been constructed in the Mojave Desert, 

Southwestern United States. As of 2017 only 4 other countries have deployments above 

100 MW:South Africa (300 MW) India (229 MW) Morocco (180 MW) and United Arab 

Emirates (100 MW). 

The United States conducted much early research in photovoltaics and concentrated solar 

power. The U.S. is among the top countries in the world in electricity generated by the Sun and 

several of the world's largest utility-scale installations are located in the desert Southwest. 

The oldest solar thermal power plant in the world is the 354 megawatt (MW) SEGS thermal 

power plant, in California. The Ivanpah Solar Electric Generating System is a solar thermal 

power project in the California Mojave Desert, 40 miles (64 km) southwest of Las Vegas, with a 

gross capacity of 377 MW. The 280 MW Solana Generating Station is a solar power plant 

near Gila Bend, Arizona, about 70 miles (110 km) southwest of Phoenix, completed in 2013. 
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When commissioned it was the largest parabolic trough plant in the world and the first U.S. solar 

plant with molten salt thermal energy storage. In developing countries, three World 

Bank projects for integrated solar thermal/combined-cycle gas-turbine power plants 

in Egypt, Mexico, and Morocco have been approved.  

 

➢ Photovoltaic development: 

Photovoltaics  is rapidly-growing with global capacity increasing from 177 GW at the end of 

2014 to 385 Gw. PV uses solar cells assembled into solar panels to convert sunlight into 

electricity. PV systems range from small, residential and commercial rooftop or building 

integrated installations, to large utility-scale photovoltaic power station. The predominant PV 

technology is crystalline silicon, while thin-film solar cell technology accounts for about 10 

percent of global photovoltaic deployment. In recent years, PV technology has improved its 

electricity generating efficiency, reduced the installation cost per watt as well as its energy 

payback time, and reached grid parity in at least 30 different markets by 2014.[126] Building-

integrated photovoltaics or "onsite" PV systems use existing land and structures and generate 

power close to where it is consumed.  

Photovoltaics grew fastest in China, followed by Japan and the United States. Italy meets 7.9 

percent of its electricity demands with photovoltaic power—the highest share worldwide. Solar 

power is forecasted to become the world's largest source of electricity by 2050, with solar 

photovoltaics and concentrated solar power contributing 16% and 11%, respectively. This 

requires an increase of installed PV capacity to 4,600 GW, of which more than half is expected 

to be deployed in China and India.  

 

Fig.No: 2.3.3 Solar panels at solar farms 

Commercial concentrated solar power plants were first developed in the 1980s. As the cost of 

solar electricity has fallen, the number of grid-connected solar PV systems has grown into the 

millions and utility-scale solar power stations with hundreds of megawatts are being built. Many 

solar photovoltaic power stations have been built, mainly in Europe, China and the United States. 

The 1.5 GW Tengger Desert Solar Park, in China is the world's largest PV power station. Many 
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of these plants are integrated with agriculture and some use tracking systems that follow the sun's 

daily path across the sky to generate more electricity than fixed-mounted systems. 

➢ Biofuel development: 

 

Fig.No:2.3.4 Biofuel station 

Mandates for blending biofuels exist in 31 countries at the national level and in 29 

states/provinces. According to the International Energy Agency, biofuels have the potential to 

meet more than a quarter of world demand for transportation fuels by 2050.  

Since the 1970s, Brazil has had an ethanol fuel program which has allowed the country to 

become the world's second largest producer of ethanol (after the United States) and the world's 

largest exporter. Brazil's ethanol fuel program uses modern equipment and cheap sugarcane as 

feedstock, and the residual cane-waste (bagasse) is used to produce heat and power. There are no 

longer light vehicles in Brazil running on pure gasoline. By the end of 2008 there were 35,000 

filling stations throughout Brazil with at least one ethanol pump. Unfortunately, Operation Car 

Wash has seriously eroded public trust in oil companies and has implicated several high ranking 

Brazilian officials. 

Nearly all the gasoline sold in the United States today is mixed with 10% ethanol,and 

motor vehicle manufacturers already produce vehicles designed to run on much higher ethanol 

blends. Ford, Daimler AG, and GM are among the automobile companies that sell "flexible-fuel" 

cars, trucks, and minivans that can use gasoline and ethanol blends ranging from pure gasoline 

up to 85% ethanol. By mid-2006, there were approximately 6 million ethanol compatible 

vehicles on U.S. roads.  
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➢ Geothermal development: 

 

Fig.No:2.3.4Geothermal plant 

Geothermal power is cost effective, reliable, sustainable, and environmentally friendly, but 

has historically been limited to areas near tectonic plate boundaries. Recent technological 

advances have expanded the range and size of viable resources, especially for applications such 

as home heating, opening a potential for widespread exploitation. Geothermal wells release 

greenhouse gases trapped deep within the earth, but these emissions are usually much lower per 

energy unit than those of fossil fuels. As a result, geothermal power has the potential to help 

mitigate global warming if widely deployed in place of fossil fuels. 

The United States led the world in geothermal electricity production with 12.9 GW of 

installed capacity. The largest group of geothermal power plants in the world is located at The 

Geysers, a geothermal field in California. The Philippines follows the US as the second highest 

producer of geothermal power in the world, with 1.9 GW of capacity online.  

Renewable energy technology has sometimes been seen as a costly luxury item by critics, 

and affordable only in the affluent developed world. This erroneous view has persisted for many 

years, however between 2016 and 2017, investments in renewable energy were higher in 

developing countries than in developed countries, with China leading global investment with a 

record 126.6 billion dollars. Many Latin American and African countries increased their 

investments significantly as well. Renewable energy can be particularly suitable for developing 

countries. In rural and remote areas, transmission and distribution of energy generated from 

fossil fuels can be difficult and expensive. Producing renewable energy locally can offer a viable 

alternative.  

Technology advances are opening up a huge new market for solar power: the 

approximately 1.3 billion people around the world who don't have access to grid electricity. Even 

though they are typically very poor, these people have to pay far more for lighting than people in 

rich countries because they use inefficient kerosene lamps. Solar power costs half as much as 

lighting with kerosene. As of 2010, an estimated 3 million households get power from small 

solar PV systems. Kenya is the world leader in the number of solar power systems installed per 
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capita. More than 30,000 very small solar panels, each producing 12 to 30 watts, are sold in 

Kenya annually. Some Small Island Developing States (SIDS) are also turning to solar power to 

reduce their costs and increase their sustainability. 

Micro-hydro configured into mini-grids also provide power. Over 44 million households 

use biogas made in household-scale digesters for lighting and/or cooking, and more than 166 

million households rely on a new generation of more-efficient biomass cookstoves.[31] Clean 

liquid fuel sourced from renewable feedstocks are used for cooking and lighting in energy-poor 

areas of the developing world. Alcohol fuels (ethanol and methanol) can be produced sustainably 

from non-food sugary, starchy, and cellulostic feedstocks. Project Gaia, Inc. and CleanStar 

Mozambique are implementing clean cooking programs with liquid ethanol stoves in Ethiopia, 

Kenya, Nigeria and Mozambique.  

Renewable energy projects in many developing countries have demonstrated that 

renewable energy can directly contribute to poverty reduction by providing the energy needed 

for creating businesses and employment. Renewable energy technologies can also make indirect 

contributions to alleviating poverty by providing energy for cooking, space heating, and lighting. 

Renewable energy can also contribute to education, by providing electricity to schools. 

2.5 Emerging Technologies: 

Other renewable energy technologies are still under development, and include cellulosic 

ethanol, hot-dry-rock geothermal power, and marine energy. These technologies are not yet 

widely demonstrated or have limited commercialization. Many are on the horizon and may have 

potential comparable to other renewable energy technologies, but still depend on attracting 

sufficient attention and research, development and demonstration (RD&D) funding.  

There are numerous organizations within the academic, federal, and commercial sectors 

conducting large scale advanced research in the field of renewable energy. This research spans 

several areas of focus across the renewable energy spectrum. Most of the research is targeted at 

improving efficiency and increasing overall energy yields. Multiple federally supported research 

organizations have focused on renewable energy in recent years. Two of the most prominent of 

these labs are Sandia National Laboratories and the National Renewable Energy 

Laboratory (NREL), both of which are funded by the United States Department of Energy and 

supported by various corporate partners. Sandia has a total budget of $2.4 billion while NREL 

has a budget of $375 million.  
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➢ Enhanced geothermal system: 

 

Fig.No: 2.3.5 Enhanced geothermal system 

 Enhanced geothermal systems (EGS) are a new type of geothermal power technologies 

that do not require natural convective hydrothermal resources. The vast majority of geothermal 

energy within drilling reach is in dry and non-porous rock. EGS technologies "enhance" and/or 

create geothermal resources in this "hot dry rock (HDR)" through hydraulic stimulation. EGS and 

HDR technologies, such as hydrothermal geothermal, are expected to be baseload resources which 

produce power 24 hours a day like a fossil plant. Distinct from hydrothermal, HDR and EGS may 

be feasible anywhere in the world, depending on the economic limits of drill depth. Good 

locations are over deep granite covered by a thick (3–5 km) layer of insulating sediments which 

slow heat loss. There are HDR and EGS systems currently being developed and tested in France, 

Australia, Japan, Germany, the U.S. and Switzerland. The largest EGS project in the world is a 25 

megawatt demonstration plant currently being developed in the Cooper Basin, Australia. The 

Cooper Basin has the potential to generate 5,000–10,000 MW. 

➢ Cellulosic ethanol: 

Several refineries that can process biomass and turn it into ethanol are built by companies 

such as Iogen, POET, and Abengoa, while other companies such as the Verenium 

Corporation, Novozymes, and Dyadic International are producing enzymes which could enable 

future commercialization. The shift from food crop feedstocks to waste residues and native 

grasses offers significant opportunities for a range of players, from farmers to biotechnology 

firms, and from project developers to investors. 
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➢ Marine energy: 

           

Fig.No:2.3.6 Tidal power station 

Marine energy also sometimes referred to as ocean energy refers to the energy carried 

by ocean waves, tides, salinity, and ocean temperature differences. The movement of water in 

the world's oceans creates a vast store of kinetic energy, or energy in motion. This energy can be 

harnessed to generate electricity to power homes, transport and industries. The term marine 

energy encompasses both wave power – power from surface waves, and tidal power – obtained 

from the kinetic energy of large bodies of moving water. Reverse electrodialysis (RED) is a 

technology for generating electricity by mixing fresh river water and salty sea water in large 

power cells designed for this purpose as of 2016 it is being tested at a small scale (50 

kW). Offshore wind power is not a form of marine energy, as wind power is derived from 

the wind, even if the wind turbines are placed over water. The oceans have a tremendous amount 

of energy and are close to many if not most concentrated populations. Ocean energy has the 

potential of providing a substantial amount of new renewable energy around the world.  

➢ Experimental solar power: 

Concentrated photovoltaics (CPV) systems employ sunlight concentrated onto 

photovoltaic surfaces for the purpose of electricity generation. Thermoelectric, or 

"thermovoltaic" devices convert a temperature difference between dissimilar materials into an 

electric current. 

➢ Floating solar arrays: 

Floating solar arrays are PV systems that float on the surface of drinking water reservoirs, 

quarry lakes, irrigation canals or remediation and tailing ponds. A small number of such systems 

exist in France, India, Japan, South Korea, the United Kingdom, Singapore and the United 

States. The systems are said to have advantages over photovoltaics on land. The cost of land is 

more expensive, and there are fewer rules and regulations for structures built on bodies of water 

not used for recreation. Unlike most land-based solar plants, floating arrays can be unobtrusive 

because they are hidden from public view. They achieve higher efficiencies than PV panels on 
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land, because water cools the panels. The panels have a special coating to prevent rust or 

corrosion. In May 2008, the Far Niente Winery in Oakville, California, pioneered the world's 

first floatovoltaic system by installing 994 solar PV modules with a total capacity of 477 kW 

onto 130 pontoons and floating them on the winery's irrigation pond. Utility-scale floating PV 

farms are starting to be built. Kyocera will develop the world's largest, a 13.4 MW farm on the 

reservoir above Yamakura Dam in Chiba Prefecture using 50,000 solar panels. Salt-water 

resistant floating farms are also being constructed for ocean use. The largest so far announced 

floatovoltaic project is a 350 MW power station in the Amazon region of Brazil.  

➢   Solar-assisted heat pump: 

A heat pump is a device that provides heat energy from a source of heat to a destination 

called a "heat sink". Heat pumps are designed to move thermal energy opposite to the direction 

of spontaneous heat flow by absorbing heat from a cold space and releasing it to a warmer one. 

A solar-assisted heat pump represents the integration of a heat pump and thermal solar panels in 

a single integrated system. Typically these two technologies are used separately (or only placing 

them in parallel) to produce hot water. In this system the solar thermal panel performs the 

function of the low temperature heat source and the heat produced is used to feed the heat pump's 

evaporator. The goal of this system is to get high COP and then produce energy in a 

more efficient and less expensive way. 

It is possible to use any type of solar thermal panel (sheet and tubes, roll-bond, heat pipe, 

thermal plates) or hybrid (mono/polycrystalline, thin film) in combination with the heat pump. 

The use of a hybrid panel is preferable because it allows covering a part of the electricity demand 

of the heat pump and reduce the power consumption and consequently the variable costs of the 

system. 

➢  Artificial photosynthesis: 

Artificial photosynthesis uses techniques including nanotechnology to store solar 

electromagnetic energy in chemical bonds by splitting water to produce hydrogen and then using 

carbon dioxide to make methanol. Researchers in this field are striving to design molecular 

mimics of photosynthesis which use a wider region of the solar spectrum, employ catalytic 

systems made from abundant, inexpensive materials that are robust, readily repaired, non-toxic, 

stable in a variety of environmental conditions and perform more efficiently allowing a greater 

proportion of photon energy to end up in the storage compounds, i.e., carbohydrates (rather than 

building and sustaining living cells). However, prominent research faces hurdles, Sun Catalytix a 

MIT spin-off stopped scaling up their prototype fuel-cell in 2012, because it offers few savings 

over other ways to make hydrogen from sunlight.  
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➢ Algae fuels: 

Producing liquid fuels from oil-rich varieties of algae is an ongoing research topic. Various 

microalgae grown in open or closed systems are being tried including some system that can be 

set up in brownfield and desert lands. 

➢ Solar aircraft: 

An electric aircraft is an aircraft that runs on electric motors rather than internal 

combustion engines, with electricity coming from fuel cells, solar cells, ultracapacitors, power 

beaming, or batteries.Currently, flying manned electric aircraft are mostly experimental 

demonstrators, though many small unmanned aerial vehicles are powered by 

batteries. Electrically powered model aircraft have been flown since the 1970s, with one report 

in 1957.The first man-carrying electrically powered flights were made in 1973. Between 2015–

2016, a manned, solar-powered plane, Solar Impulse 2, completed a circumnavigation of the 

Earth.  

➢ Solar updraft tower: 

The Solar updraft tower is a renewable-energy power plant for generating electricity from 

low temperature solar heat. Sunshine heats the air beneath a very wide greenhouse-like roofed 

collector structure surrounding the central base of a very tall chimney tower. The 

resulting convection causes a hot air updraft in the tower by the chimney effect. This airflow 

drives wind turbines placed in the chimney updraft or around the chimney base to 

produce electricity. Plans for scaled-up versions of demonstration models will allow significant 

power generation, and may allow development of other applications, such as water extraction or 

distillation, and agriculture or horticulture. A more advanced version of a similarly themed 

technology is the Vortex engine which aims to replace large physical chimneys with a vortex of 

air created by a shorter, less-expensive structure. 

➢ Space-based solar power: 

For either photovoltaic or thermal systems, one option is to loft them into space, 

particularly Geosynchronous orbit. To be competitive with Earth-based solar power systems, the 

specific mass (kg/kW) times the cost to loft mass plus the cost of the parts needs to be $2400 or 

less. I.e., for a parts cost plus rectenna of $1100/kW, the product of the $/kg and kg/kW must be 

$1300/kW or less.Thus for 6.5 kg/kW, the transport cost cannot exceed $200/kg. While that will 
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require a 100 to one reduction, SpaceX is targeting a ten to one reduction, Reaction Engines may 

make a 100 to one reduction possible. 

 

 

2.6 Environmental Impacts 

The ability of biomass and biofuels to contribute to are duction in CO2 emissions is 

limited because both biomass and biofuels emit large amounts of air pollution when burned and 

in some cases compete with food supply. Furthermore, biomass and biofuels consume large 

amounts of water. Other renewable sources such as wind power, photovoltaics, 

and hydroelectricity have the advantage of being able to conserve water, lower pollution and 

reduce CO2 emissions. 

  The installations used to produce wind, solar and hydro power are an increasing threat to 

key conservation areas, with facilities built in areas set aside for nature conservation and other 

environmentally sensitive areas. They are often much larger than fossil fuel power plants, 

needing areas of land up to 10 times greater than coal or gas to produce equivalent energy 

amounts.More than 2000 renewable energy facilities are built, and more are under construction, 

in areas of environmental importance and threaten the habitats of plant and animal species across 

the globe. The authors' team emphazised that their work should not be interpreted as anti-

renewables because renewable energy is crucial for reducing carbon emissions. The key is 

ensuring that renewable energy facilities are built in places where they do not damage 

biodiversity.  
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Chapter 3 

REQUIREMENTS OF HYBRID ROBOT 

3.1 About Dc gear motor : 

DC Gear motor, is also called DC Geared Motor, Geared Dc Motor and gearhead motor or 

gearbox motor. It consists of a electric DC motor and a gearbox or gearhead; these gearheads are 

used to reduce the DC motor speed, while increase the DC motor torque. Therefore user can get 

lower speed and higher torque from gear motor. A gear motor is an all-in-one combination of 

a motor and gearbox. The addition of a gear head to a motor reduces the speed while increasing 

the torque output. Simply put, a gear motor is any electric motor coupled with a gear train. Gear 

motors use either AC (Alternating Current) or DC (Direct Current) power. In most cases, the 

addition of a gear box is intended to limit the speed of the motor's shaft, and increase 

the motor's ability to output torque. A gear motor is a specific type of electrical motor that is 

designed to produce high torque while maintaining a low horsepower, or low 

speed, motor output. Gear motors can be found in many different applications, and are probably 

used in many devices in your home. A DC motor is not the same as a "gear motor" - a "gear 

motor" may be an AC or DC motor coupled with a gearbox or transmission. A gear motor adds 

mechanical gears to alter the speed/torque of the motor for an application. Usually such an 

addition is to reduce speed and increase torque. A DC motor without gears is useful in many 

applications, for example the simple fan. Contrast that with the motor that operates the turntable 

in your microwave, a gearbox there reduces the speed so your food isn't thrown against the 

interior wall. Rated Voltage: 13.5 VDC 3/8″ shaft with 1 flat (“D” shaft) where flat to OD is 

0.322″ and the length of the shaft is 0.886″ long Rated Speed: 50 RPM Mounting: M6 screw 

holes Rated Torque: 6 N-m (4.4 ft-lb) 

 

Fig.No:3.1.1 Dc gear motor  
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very low noise changed output direction very low inertia very small backlash  High Static 

torque(stand still torque), means cannot turn the shaft by hand or lever. 

3.2 Tx and Rx modules : 

An RF module (short for radio-frequency module) is a (usually) small electronic device 

used to transmit and/or receive radio signals between two devices. In an embedded system it is 

often desirable to communicate with another device wirelessly. This wireless communication 

may be accomplished through optical communication or through radio-frequency (RF) 

communication. For many applications, the medium of choice is RF since it does not require line 

of sight. RF communications incorporate a transmitter and a receiver. They are of various types 

and ranges. Some can transmit up to 500 feet. RF modules are typically fabricated using RF 

CMOS technology. 

RF modules are widely used in electronic design owing to the difficulty of designing radio 

circuitry. Good electronic radio design is notoriously complex because of the sensitivity of radio 

circuits and the accuracy of components and layouts required to achieve operation on a specific 

frequency. In addition, reliable RF communication circuit requires careful monitoring of the 

manufacturing process to ensure that the RF performance is not adversely affected. Finally, radio 

circuits are usually subject to limits on radiated emissions, and require Conformance testing and 

certification by a standardization organization such as ETSI or the U.S. Federal Communications 

Commission . For these reasons, design engineers will often design a circuit for an application 

which requires radio communication and then "drop in" a pre-made radio module rather than 

attempt a discrete design, saving time and money on development. RF modules are most often 

used in medium and low volume products for consumer applications such as garage door 

openers, wireless alarm or monitoring systems, industrial remote controls, smart sensor 

applications, and wireless home automation systems. They are sometimes used to replace 

older infrared communication designs as they have the advantage of not requiring line-of-sight 

operation. 

Several carrier frequencies are commonly used in commercially available RF modules, 

including those in the industrial, scientific and medical (ISM) radio bands such as 433.92 MHz, 

915 MHz, and 2400 MHz. These frequencies are used because of national and international 

regulations governing the used of radio for communication. Short Range Devices may also use 

frequencies available for unlicensed such as 315 MHz and 868 MHz. RF modules may comply 

with a defined protocol for RF communications such as Zigbee, Bluetooth Low Energy, or Wi-

Fi, or they may implement a proprietary protocol. The term RF module can be applied to many 

different types, shapes and sizes of small electronic sub assembly circuit board. It can also be 
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applied to modules across a huge variation of functionality and capability. RF modules typically 

incorporate a printed circuit board, transmit or receive circuit, antenna, and serial interface for 

communication to the host processor. 

Most standard, well known types are covered here: 

➢ transmitter module 

➢ receiver module 

➢ transceiver module 

➢ system on a chip module. 

Transmitter modules: 

An RF transmitter module is a small PCB sub-assembly capable of transmitting a radio wave 

and modulating that wave to carry data. 

 

Fig.no:3.2.1 Transmitter Module  

 Transmitter modules are usually implemented alongside a microcontroller which will 

provide data to the module which can be transmitted. RF transmitters are usually subject 

to regulatory requirements which dictate the maximum allowable transmitter power 

output, harmonics, and band edge requirements. 

Receiver modules: 

An RF receiver module receives the modulated RF signal, and demodulates it. There are 

two types of RF receiver modules: superheterodyne receivers and superregenerative receivers. 

Superregenerative modules are usually low cost and low power designs using a series of 

amplifiers to extract modulated data from a carrier wave. 
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Super regenerative modules are generally imprecise as their frequency of operation varies 

considerably with temperature and power supply voltage. Super heterodyne receivers have a 

performance advantage over super regenerative; they offer increased accuracy and stability over 

a large voltage and temperature range. 

 

Fig.No:3.2.2 Receiver Module 

 This stability comes from a fixed crystal design which in the past tended to mean a 

comparatively more expensive product. However, advances in receiver chip design now mean 

that currently there is little price difference between super heterodyne and super regenerative 

receiver modules. 

Transceiver modules: 

An RF transceiver module incorporates both a transmitter and receiver. The circuit is 

typically designed for half-duplex operation, although full-duplex modules are available, 

typically at a higher cost due to the added complexity. 

System on a chip (SoC) module: 

An SoC module is the same as a transceiver module, but it is often made with an onboard 

microcontroller. The microcontroller is typically used to handle radio data packetisation or 

managing a protocol such as an IEEE 802.15.4 compliant module. This type of module is 

typically used for designs that require additional processing for compliance with a protocol when 

the designer does not wish to incorporate this processing into the host microcontroller. 

    RF signal modulation: 

There are several types of digital signal modulation methods commonly used in RF transmitter          

and receiver modules: 

➢ ASK 

➢ OOK 

➢ FSK 
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➢ direct-sequence spread spectrum 

➢ frequency-hopping spread spectrum. 

   ASK: 

Amplitude-shift keying (ASK) is a form of amplitude modulation that 

represents digital data as variations in the amplitude of a carrier wave. In an ASK system, the 

binary symbol 1 is represented by transmitting a fixed-amplitude carrier wave and fixed 

frequency for a bit duration of T seconds. If the signal value is 1 then the carrier signal will be 

transmitted; otherwise, a signal value of 0 will be transmitted. 

Any digital modulation scheme uses a finite number of distinct signals to represent digital 

data. ASK uses a finite number of amplitudes, each assigned a unique pattern of binary digits. 

Usually, each amplitude encodes an equal number of bits. Each pattern of bits forms 

the symbol that is represented by the particular amplitude. The demodulator, which is designed 

specifically for the symbol-set used by the modulator, determines the amplitude of the received 

signal and maps it back to the symbol it represents, thus recovering the original 

data. Frequency and phase of the carrier are kept constant. 

Like AM, an ASK is also linear and sensitive to atmospheric noise, distortions, 

propagation conditions on different routes in PSTN, etc. Both ASK modulation and 

demodulation processes are relatively inexpensive. The ASK technique is also commonly used to 

transmit digital data over optical fiber. For LED transmitters, binary 1 is represented by a short 

pulse of light and binary 0 by the absence of light. Laser transmitters normally have a fixed 

"bias" current that causes the device to emit a low light level. This low level represents binary 0, 

while a higher-amplitude lightwave represents binary 1. 

The simplest and most common form of ASK operates as a switch, using the presence of a 

carrier wave to indicate a binary one and its absence to indicate a binary zero. This type of 

modulation is called on-off keying (OOK), and is used at radio frequencies to transmit Morse 

code (referred to as continuous wave operation), 

More sophisticated encoding schemes have been developed which represent data in groups 

using additional amplitude levels. For instance, a four-level encoding scheme can represent two 

bits with each shift in amplitude; an eight-level scheme can represent three bits; and so on. These 

forms of amplitude-shift keying require a high signal-to-noise ratio for their recovery, as by their 

nature much of the signal is transmitted at reduced power. 
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Fig.No:3.2.3 ASK Diagram 

 

OOk: 

On-off keying (OOK) denotes the simplest form of amplitude-shift 

keying (ASK) modulation that represents digital data as the presence or absence of a carrier 

wave.In its simplest form, the presence of a carrier for a specific duration represents 

a binary one, while its absence for the same duration represents a binary zero. Some more 

sophisticated schemes vary these durations to convey additional information. It is analogous 

to unipolar encoding line code. 

On-off keying is most commonly used to transmit Morse code over radio 

frequencies (referred to as CW (continuous wave) operation), although in principle any digital 

encoding scheme may be used. OOK has been used in the ISM bands to transfer data 

between computers, for example. 

OOK is more spectrally efficient than frequency-shift keying, but more sensitive to noise 

when using a regenerative receiver or a poorly implemented superheterodyne receiver.[2] For a 

given data rate, the bandwidth of a BPSK (Binary Phase Shift keying) signal and the bandwidth 

of OOK signal are equal. 

In addition to RF carrier waves, OOK is also used in optical communication systems 

(e.g. IrDA). 

In aviation, some possibly unmanned airports have equipment that let pilots key their VHF 

radio a number of times in order to request an Automatic Terminal Information 

Service broadcast, or turn on runway lights. 

Fsk: 

Frequency-shift keying (FSK) is a frequency modulation scheme in which digital 

information is transmitted through discrete frequency changes of a carrier signal.[1] The 

technology is used for communication systems such as telemetry, weather 

balloon radiosondes, caller ID, garage door openers, and low frequency radio transmission in 

the VLF and ELF bands. The simplest FSK is binary FSK (BFSK). BFSK uses a pair of discrete 

frequencies to transmit binary (0s and 1s) information.[2] With this scheme, the "1" is called the 

mark frequency and the "0" is called the space frequency. 
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Fig.No: 3.2.4 Binary frequency shift keying. 

  Direct sequence spread spectrum: 

In telecommunications, Direct-sequence spread spectrum (DSSS) is a spread-

spectrum modulation technique primarily used to reduce overall signal interference. The direct-

sequence modulation makes the transmitted signal wider in bandwidth than the information 

bandwidth. After the despreading or removal of the direct-sequence modulation in the receiver, 

the information bandwidth is restored, while the unintentional and intentional interference is 

substantially reduced.  

With DSSS, the message bits are modulated by a pseudorandom bit sequence known as a 

spreading sequence. Each spreading-sequence bit, which is known as a chip, has a much shorter 

duration (larger bandwidth) than the original message bits. The modulation of the message bits 

scrambles and spreads the pieces of data, and thereby results in a bandwidth size nearly identical 

to that of the spreading sequence. The smaller the chip duration, the larger the bandwidth of the 

resulting DSSS signal; more bandwidth multiplexed to the message signal results in better 

resistance against interference.  

Some practical and effective uses of DSSS include the Code Division Multiple 

Access (CDMA) method, the IEEE 802.11b specification used in Wi-Fi networks, and 

the Global Positioning System.  

Direct-sequence spread-spectrum transmissions multiply the data being transmitted by a 

pseudorandom spreading sequence that has a much higher bit rate than the original data rate. The 

resulting transmitted signal resembles bandlimited white noise, like an audio recording of 

"static". However, this noise-like signal is used to exactly reconstruct the original data at the 
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receiving end, by multiplying it by the same spreading sequence (because 1 × 1 = 1, and −1 × −1 

= 1). This process, known as despreading, is mathematically a correlation of the transmitted 

spreading sequence with the spreading sequence that the receiver already knows the transmitter 

is using. After the dispreading, the signal-to-noise ratio is approximately increased by the 

spreading factor, which is the ratio of the spreading-sequence rate to the data rate. 

While a transmitted DSSS signal occupies a much wider bandwidth than a simple 

modulation of the original signal would require, its frequency spectrum can be somewhat 

restricted for spectrum economy by a conventional analog bandpass filter to give a roughly bell-

shaped envelope centered on the carrier frequency. In contrast, frequency-hopping spread 

spectrum pseudorandomly retunes the carrier and requires a uniform frequency response since 

any bandwidth shaping would cause amplitude modulation of the signal by the hopping code. 

If an undesired transmitter transmits on the same channel but with a different spreading 

sequence (or no sequence at all), the despreading process reduces the power of that signal. This 

effect is the basis for the code division multiple access (CDMA) property of DSSS, which allows 

multiple transmitters to share the same channel within the limits of the cross-

correlation properties of their spreading sequences. 

 Frequency – hopping Spread Spectrum: 

Frequency-hopping spread spectrum (FHSS) is a method of transmitting radio signals 

by rapidly changing the carrier frequency among many distinct frequencies occupying a large 

spectral band. The changes are controlled by a code known to both transmitter and receiver. 

FHSS is used to avoid interference, to prevent eavesdropping, and to enable code-division 

multiple access (CDMA) communications. 

The available frequency band is divided into smaller sub-bands. Signals rapidly change 

("hop") their carrier frequencies among the center frequencies of these sub-bands in a 

predetermined order. Interference at a specific frequency will only affect the signal during a 

short interval.  

FHSS offers three main advantages over a fixed-frequency transmission: 

➢ FHSS signals are highly resistant to narrowband interference because the signal hops to a 

different frequency band. 

➢ Signals are difficult to intercept if the frequency-hopping pattern is not known. 

➢ FHSS transmissions can share a frequency band with many types of conventional 

transmissionswith minimal mutual interference. FHSS signals add minimal interference 

to narrowband communications, and vice versa 
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3.3 Description of Solar panel:  

The term solar panel is used colloquially for a photo-voltaic PV module. A PV module is 

an assembly of photo-voltaic cells mounted in a frame work for installation. Photo-voltaic cells 

use sunlight as a source of energy and generate direct current electricity. A collection of PV 

modules is called a PV Panel, and a system of Panels is an Array. Arrays of a photovoltaic 

system supply solar electricity to electrical equipment. The most common application of solar 

energy collection outside agriculture is solar water heating systems. Photovoltaic modules use 

light energy (photons) from the Sun to generate electricity through the photovoltaic effect. Most 

modules use wafer-based crystalline silicon cells or thin-film cells. The structural (load carrying) 

member of a module can be either the top layer or the back layer. Cells must be protected from 

mechanical damage and moisture. Most modules are rigid, but semi-flexible ones based on thin-

film cells are also available. The cells are connected electrically in series, one to another to a 

desired voltage, and then in parallel to increase amperage. The wattage of the module is the 

mathematical product of the voltage and the amperage of the module. 

A PV junction box is attached to the back of the solar panel and functions as its output 

interface. External connections for most photovoltaic modules use MC4 connectors to facilitate 

easy weatherproof connections to the rest of the system. A USB power interface can also be 

used. 

Module electrical connections are made in series to achieve a desired output voltage or in 

parallel to provide a desired current capability (amperes) of the solar panel or the PV system. 

The conducting wires that take the current off the modules are sized according to the ampacity 

and may contain silver, copper or other non-magnetic conductive transition metals. 

Bypass diodes may be incorporated or used externally, in case of partial module shading, to 

maximize the output of module sections still illuminated. 

Some special solar PV modules include concentrators in which light is focused 

by lenses or mirrors onto smaller cells. This enables the use of cells with a high cost per unit area 

such as gallium arsenide in a cost-effective way. 

Solar panels also use metal frames consisting of racking components, brackets, reflector shapes, 

and troughs to better support the panel structure.  
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Fig.No: 3.3.1 Solar Panel to Panel System 

Each module is rated by its DC output power under standard test conditions (STC). Power 

typically ranges from 100 to 365 Watts (W). The efficiency of a module determines the area of a 

module given the same rated output – an 8% efficient 230 W module will have twice the area of 

a 16% efficient 230 W module. Some commercially available solar modules exceed 24% 

efficiency.  

Depending on construction, photovoltaic modules can produce electricity from a range 

of frequencies of light, but usually cannot cover the entire solar range 

(specifically, ultraviolet, infrared and low or diffused light). Hence, much of the 

incident sunlight energy is wasted by solar modules, and they can give far higher efficiencies if 

illuminated with monochromatic light. Therefore, another design concept is to split the light into 

six to eight different wavelength ranges that will produce a different color of light, and direct the 

beams onto different cells tuned to those ranges. This has been projected to be capable of raising 

efficiency by 50%. 

A single solar module can produce only a limited amount of power; most installations 

contain multiple modules adding voltages or current to the wiring and PV system. A photovoltaic 

system typically includes an array of photovoltaic modules, an inverter, a battery pack for energy 

storage, charge controller, interconnection wiring, circuit breakers, fuses, disconnect switches, 

voltage meters, and optionally a solar tracking mechanism. Equipment is carefully selected to 

optimize output, energy storage, reduce power loss during power transmission, and conversion 

from direct current to alternating current. 

Scientists from Spectrolab, a subsidiary of Boeing, have reported development of multi-

junction solar cells with an efficiency of more than 40%, a new world record for solar 

photovoltaic cells. The Spectrolab scientists also predict that concentrator solar cells could 
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achieve efficiencies of more than 45% or even 50% in the future, with theoretical efficiencies 

being about 58% in cells with more than three junctions. 

Currently, the best achieved sunlight conversion rate (solar module efficiency) is around 

21.5% in new commercial products typically lower than the efficiencies of their cells in isolation. 

The most efficient mass-produced solar modules[disputed – discuss] have power density values of up to 

175 W/m2 (16.22 W/ft2).  

Research by Imperial College, London has shown that solar panel efficiency is improved 

by studding the light-receiving semiconductor surface with aluminum nanocylinders, similar to 

the ridges on Lego blocks. The scattered light then travels along a longer path in the 

semiconductor, absorbing more photons to be converted into current. Although these 

nanocylinders have been used previously (aluminum was preceded by gold and silver), the light 

scattering occurred in the near infrared region and visible light was absorbed strongly. 

Aluminum was found to have absorbed the ultraviolet part of the spectrum, while the visible and 

near infrared parts of the spectrum were found to be scattered by the aluminum surface. This, the 

research argued, could bring down the cost significantly and improve the efficiency as aluminum 

is more abundant and less costly than gold and silver. The research also noted that the increase in 

current makes thinner film solar panels technically feasible without "compromising power 

conversion efficiencies, thus reducing material consumption". 

Solar panel efficiency can be calculated by MPP (maximum power point) value of solar 

panels. Solar inverters convert the DC power to AC power by performing the process of 

maximum power point tracking (MPPT): solar inverter samples the output Power (I-V curve) 

from the solar cell and applies the proper resistance (load) to solar cells to obtain maximum 

power. 

MPP (Maximum power point) of the solar panel consists of MPP voltage (V mpp) and 

MPP current (I mpp): it is a capacity of the solar panel and the higher value can make higher 

MPP. Micro-inverted solar panels are wired in parallel, which produces more output than normal 

panels wired in series, with the output of the series determined by the lowest performing panel. 

This is known as the "Christmas light effect". Micro-inverters work independently to enable each 

panel to contribute its maximum possible output for a given amount of sunlight. 

3.4 Description of Arduino uno: 

Arduino is an open-source hardware and software company, project and user community 

that designs and manufactures single-board microcontrollers and microcontroller kits for 

building digital devices. Its products are licensed under the GNU Lesser General Public 
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License (LGPL) or the GNU General Public License (GPL), permitting the manufacture of 

Arduino boards and software distribution by anyone. Arduino boards are available commercially 

in preassembled form or as do-it-yourself (DIY) kits. 

Arduino board designs use a variety of microprocessors and controllers. The boards are 

equipped with sets of digital and analog input/output (I/O) pins that may be interfaced to various 

expansion boards ('shields') or breadboards (For prototyping) and other circuits. The boards 

feature serial communications interfaces, including Universal Serial Bus (USB) on some models, 

which are also used for loading programs from personal computers. The microcontrollers can be 

programmed using C and C++ programming languages. In addition to using 

traditional compiler toolchains, the Arduino project provides an integrated development 

environment (IDE) based on the Processing language project. 

The Arduino project started in 2005 as a program for students at the Interaction Design 

Institute Ivrea in Ivrea, Italy, aiming to provide a low-cost and easy way for novices and 

professionals to create devices that interact with their environment using sensors and actuators. 

Common examples of such devices intended for beginner hobbyists include 

simple robots, thermostats and motion detectors. 

The name Arduino comes from a bar in Ivrea, Italy, where some of the founders of the 

project used to meet. The bar was named after Arduin of Ivrea, who was the margrave of 

the March of Ivrea and King of Italy from 1002 to 1014. Arduino is open-source hardware. The 

hardware reference designs are distributed under a Creative Commons Attribution Share-Alike 

2.5 license and are available on the Arduino website. Layout and production files for some 

versions of the hardware are also available. 

Although the hardware and software designs are freely available under copyleft licenses, 

the developers have requested the name Arduino to be exclusive to the official product and not 

be used for derived works without permission. The official policy document on use of the 

Arduino name emphasizes that the project is open to incorporating work by others into the 

official product. Several Arduino-compatible products commercially released have avoided the 

project name by using various names ending in -Arduino.  

Most Arduino boards consist of an Atmel 8-bit AVR microcontroller (ATmega8, 

ATmega168, ATmega328, ATmega1280, or ATmega2560) with varying amounts of flash 

memory, pins, and features. The 32-bit Arduino Due, based on the Atmel SAM3X8E was 

introduced in 2012. The boards use single or double-row pins or female headers that facilitate 

connections for programming and incorporation into other circuits. These may connect with add-

on modules termed shields. Multiple and possibly stacked shields may be individually 
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addressable via an I2C serial bus. Most boards include a 5 V linear regulator and a 

16 MHz crystal oscillator or ceramic resonator. Some designs, such as the LilyPad, run at 8 MHz 

and dispense with the onboard voltage regulator due to specific form-factor restrictions. 

 

Fig.No:3.4.1 arduino Uno 

Arduino microcontrollers are pre-programmed with a boot loader that simplifies uploading 

of programs to the on-chip flash memory. The default bootloader of the Arduino Uno is the 

Optiboot bootloader.Boards are loaded with program code via a serial connection to another 

computer. Some serial Arduino boards contain a level shifter circuit to convert between RS-

232 logic levels and transistor–transistor logic (TTL) level signals. Current Arduino boards are 

programmed via Universal Serial Bus (USB), implemented using USB-to-serial adapter chips 

such as the FTDI FT232. Some boards, such as later-model Uno boards, substitute the FTDI chip 

with a separate AVR chip containing USB-to-serial firmware, which is reprogrammable via its 

own ICSP header. Other variants, such as the Arduino Mini and the unofficial Boarduino, use a 

detachable USB-to-serial adapter board or cable, Bluetooth or other methods. When used with 

traditional microcontroller tools, instead of the Arduino IDE, standard AVR in-system 

programming (ISP) programming is used.The Arduino board exposes most of the 

microcontroller's I/O pins for use by other circuits. The Diecimila, Duemilanove, and 

current Uno provide 14 digital I/O pins, six of which can produce pulse-width modulated signals, 

and six analog inputs, which can also be used as six digital I/O pins. These pins are on the top of 

the board, via female 0.1-inch (2.54 mm) headers. Several plug-in application shields are also 

commercially available. The Arduino Nano, and Arduino-compatible Bare Bones Board and 

Boarduino boards may provide male header pins on the underside of the board that can plug into 

solderless breadboards. Many Arduino-compatible and Arduino-derived boards exist. Some are 

functionally equivalent to an Arduino and can be used interchangeably. Many enhance the basic 

Arduino by adding output drivers, often for use in school-level education, to simplify making 

buggies and small robots. Others are electrically equivalent, but change the form factor, 
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sometimes retaining compatibility with shields, sometimes not. Some variants use different 

processors, of varying compatibility. 

3.5 Jump wires 

      A jump wire also known as jumper wire, or jumper  is an electrical wire, or group of them 

in a cable, with a connector or pin at each end (or sometimes without them – simply "tinned"), 

which is normally used to interconnect the components of a breadboard or other prototype or test 

circuit, internally or with other equipment or components, without soldering.  

Individual jump wires are fitted by inserting their "end connectors" into the slots provided 

in a breadboard, the header connector of a circuit board, or a piece of test equipment. There are 

different types of jumper wires. Some have the same type of electrical connector at both ends, 

while others have different connectors. Some common connectors are: 

 

Fig.No:3.5.1 Jumper wires 

Solid tips – are used to connect on/with a breadboard or female header connector. The 

arrangement of the elements and ease of insertion on a breadboard allows increasing the 

mounting density of both components and jump wires without fear of short-circuits. The jump 

wires vary in size and colour to distinguish the different working signals. 

➢ Crocodile clips – are used, among other applications, to temporarily bridge sensors, 

buttons and other elements of prototypes with components or equipment that have 

arbitrary connectors, wires, screw terminals, etc. 

➢ Banana connectors – are commonly used on test equipment for DC and low-frequency 

AC signals. 

➢ Registered jack (RJnn) – are commonly used in telephone (RJ11) and computer 

networking (RJ45). 

➢ RCA connectors – are often used for audio, low-resolution composite video signals, or 

other low-frequency applications requiring a shielded cable. 

➢ RF connectors – are used to carry radio frequency signals between circuits, test 

equipment, and antennas. 
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➢ RF jumper cables - Jumper cables is a smaller and more bendable corrugated cable which 

is used to connect antennas and other components to network cabling. Jumpers are also 

used in base stations to connect antennas to radio units. Usually the most bendable 

jumper cable diameter is 1/2". 

In electronics and particularly computing, a jumper is a short length of conductor used to 

close, open or bypass part of an electronic circuit. They are typically used to set up or 

configure printed circuit boards, such as the motherboards of computers. The process of setting a 

jumper is often called strapping.  

Jumper pins (points to be connected by the jumper) are arranged in groups called jumper 

blocks, each group having at least one pair of contact points. An appropriately sized conductive 

sleeve called a jumper, or more technically, a shunt jumper, is slipped over the pins to complete 

the circuit. 

Jumpers must be electrically conducting; they are usually encased in a non-conductive 

block of plastic for convenience. This also avoids the risk that an unshielded jumper will 

accidentally short out something critical (particularly if it is dropped on a live circuit). When a 

jumper is placed over two or more jumper pins, an electrical connection is made between them, 

and the equipment is thus instructed to activate certain settings accordingly. For example, with 

older PC systems, CPU speed and voltage settings were often made by setting jumpers. 

Some documentation may refer to setting the jumpers to on, off, closed, or open. When a 

jumper is on or covering at least two pins it is a closed jumper, when a jumper is off, is covering 

only one pin, or the pins have no jumper it is an open jumper. 

Jumperless designs have the advantage that they are usually fast and easy to set up, often 

require little technical knowledge, and can be adjusted without having physical access to the 

circuit board. With PCs, the most common use of jumpers is in setting the operating mode 

for ATA drives (master, slave, or cable select), though this use is declining with the rise of 

SATA drives. Jumpers have been used since the beginning of printed circuit boards. Some 

printed wiring assemblies, particularly those using single-layer circuit boards, include short 

lengths of wire soldered between pairs of points. These wires are called jumpers, but unlike 

jumpers used for configuration settings, they are intended to permanently connect the points in 

question. They are used to solve layout issues of the printed wiring, providing connections that 

would otherwise require awkward (or in some cases, impossible) routing of the conductive 

traces. In some cases a resistor of 0 ohms is used instead of a wire, as these may be installed by 

the same robotic assembly machines that install real resistors and other components. 
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When a jumper is placed over two or more jumper pins, an electrical connection is made 

between them, and the equipment is thus instructed to activate certain settings accordingly. For 

example, with older PC systems, CPU speed and voltage settings were often made by setting 

jumpers. 

Some documentation may refer to setting the jumpers to on, off, closed, or open. When a 

jumper is on or covering at least two pins it is a closed jumper, when a jumper is off, is covering 

only one pin, or the pins have no jumper it is an open jumper. 

Jumperless designs have the advantage that they are usually fast and easy to set up, often 

require little technical knowledge, and can be adjusted without having physical access to the 

circuit board. With PCs, the most common use of jumpers is in setting the operating mode 

for ATA drives (master, slave, or cable select), though this use is declining with the rise of 

SATA drives. Jumpers have been used since the beginning of printed circuit boards. 

Some printed wiring assemblies, particularly those using single-layer circuit boards, 

include short lengths of wire soldered between pairs of points. These wires are called jumpers, 

but unlike jumpers used for configuration settings, they are intended to permanently connect the 

points in question. They are used to solve layout issues of the printed wiring, providing 

connections that would otherwise require awkward (or in some cases, impossible) routing of the 

conductive traces. In some cases a resistor of 0 ohms is used instead of a wire, as these may be 

installed by the same robotic assembly machines that install real resistors and other components. 

3.7 Bread Board 

A breadboard is a construction base for prototyping of electronics. Originally the word 

referred to a literal bread board, a polished piece of wood used for slicing bread.[1] In the 1970s 

the solderless breadboard (a.k.a. plugboard, a terminal array board) became available and 

nowadays the term "breadboard" is commonly used to refer to these. 

Because the solderless breadboard does not require soldering, it is reusable. This makes it 

easy to use for creating temporary prototypes and experimenting with circuit design. For this 

reason, solderless breadboards are also popular with students and in technological education. 

Older breadboard types did not have this property. A stripboard (Veroboard) and similar 

prototyping printed circuit boards, which are used to build semi-permanent soldered prototypes 

or one-offs, cannot easily be reused. A variety of electronic systems may be prototyped by using 

breadboards, from small analog and digital circuits to complete central processing units (CPUs). 

In the early days of radio, amateurs nailed bare copper wires or terminal strips to a wooden 

board (often literally a board to slice bread on) and soldered electronic components to them. 

Sometimes a paper schematic diagram was first glued to the board as a guide to placing 
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terminals, then components and wires were installed over their symbols on the schematic. 

Using thumbtacks or small nails as mounting posts was also common. 

Breadboards have evolved over time, with the term now being used for all kinds of 

prototype electronic devices. For example, US Patent 3,145,483, was filed in 1961 and describes 

a wooden plate breadboard with mounted springs and other facilities. US Patent 3,496,419, was 

filed in 1967 and refers to a particular printed circuit board layout as a Printed Circuit 

Breadboard. Both examples refer to and describe other types of breadboards as prior art. 

The breadboard most commonly used today is usually made of white plastic and is a 

pluggable (solderless) breadboard. It was designed by Ronald J. Portugal in 1971.  

Alternatives 

Alternative methods to create prototypes are point-to-point construction (reminiscent of 

the original wooden breadboards), wire wrap, wiring pencil, and boards like the stripboard. 

Complicated systems, such as modern computers comprising millions of transistors, diodes, 

and resistors, do not lend themselves to prototyping using breadboards, as their complex designs 

can be difficult to lay out and debug on a breadboard. 

Modern circuit designs are generally developed using a schematic capture and simulation 

system, and tested in software simulation before the first prototype circuits are built on a printed 

circuit board. Integrated circuit designs are a more extreme version of the same process: since 

producing prototype silicon is costly, extensive software simulations are performed before 

fabricating the first prototypes. However, prototyping techniques are still used for some 

applications such as RF circuits, or where software models of components are inexact or 

incomplete. 

It is also possible to use a square grid of pairs of holes where one hole per pair connects to 

its row and the other connects to its column. This same shape can be in a circle with rows and 

columns each spiraling opposite clockwise/counterclockwise. 

A modern solderless breadboard socket consists of a perforated block of plastic with 

numerous tin plated phosphor bronze or nickel silver alloy spring clips under the perforations. The 

clips are often called tie points or contact points. The number of tie points is often given in the 

specification of the breadboard. Bus and terminal strips Solderless breadboards connect pin to pin 

by metal strips inside the breadboard. The layout of a typical solderless breadboard is made up 

from two types of areas, called strips. Strips consist of interconnected electrical terminals. 
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Fig.No:3.7.1 Bread boards 

 

The spacing between the clips (lead pitch) is typically 0.1 inches (2.54 mm). Integrated 

circuits (ICs) in dual in-line packages (DIPs) can be inserted to straddle the centerline of the 

block. Interconnecting wires and the leads of discrete components (such as capacitors, resistors, 

and inductors) can be inserted into the remaining free holes to complete the circuit. Where ICs 

are not used, discrete components and connecting wires may use any of the holes. Typically the 

spring clips are rated for 1 ampere at 5 volts and 0.333 amperes at 15 volts (5 watts). The edge of 

the board has male and female dovetail notches so boards can be clipped together to form a large 

breadboard. 

The main areas, to hold most of the electronic components. In the middle of a terminal 

strip of a breadboard, one typically finds a notch running in parallel to the long side. The notch is 

to mark the centerline of the terminal strip and provides limited airflow (cooling) to DIP ICs 

straddling the centerline.The clips on the right and left of the notch are each connected in a radial 

way; typically five clips (i.e., beneath five holes) in a row on each side of the notch are 

electrically connected. The five rows on the left of the notch are often marked as A, B, C, D, and 

E, while the ones on the right are marked F, G, H, I and J. When a "skinny" dual in-line pin 

package (DIP) integrated circuit (such as a typical DIP-14 or DIP-16, which have a 0.3-inch 

(7.6 mm) separation between the pin rows) is plugged into a breadboard, the pins of one side of 

the chip are supposed to go into row E while the pins of the other side go into row F on the other 

side of the notch. The columns are identified by numbers from 1 to as many the breadboard 

design goes. Most of the breadboards are designed to accommodate 17, 30 or 64 columns in the 

mini, half, and full configurations respectively.Bus strips To provide power to the electronic 

components. 

A bus strip usually contains two rows: one for ground and one for a supply voltage. 

However, some breadboards only provide a single-row power distributions bus strip on each 

long side. Typically the row intended for a supply voltage is marked in red, while the row for 
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ground is marked in blue or black. Some manufacturers connect all terminals in a column. Others 

just connect groups of, for example, 25 consecutive terminals in a column. The latter design 

provides a circuit designer with some more control over crosstalk (inductively coupled noise) on 

the power supply bus. Often the groups in a bus strip are indicated by gaps in the color marking. 

Bus strips typically run down one or both sides of a terminal strip or between terminal strips. On 

large breadboards additional bus strips can often be found on the top and bottom of terminal 

strips. 

Note there are two different common alignments for the power bus strips. On small boards, 

with about 30 rows, the holes for the power bus are often aligned between the signal holes. On 

larger boards, about 63 rows, the power bus strip holes are often in alignment with the signal 

holes. This makes some accessories designed for one board type incompatible with the other. For 

example, some Raspberry Pi GPIO to breadboard adapters use offset aligned power pins, making 

them not fit breadboards with aligned power bus rows. There are no official standards, so the 

users need to pay extra attention to the compatibility between a specific model of breadboard and 

a specific accessory. Vendors of accessories and breadboards are not always clear in their 

specifications of which alignment they use. Seeing a close up photograph of the pin/hole 

arrangement can help determine compatibility. 

Some manufacturers provide separate bus and terminal strips. Others just provide 

breadboard blocks which contain both in one block. Often breadboard strips or blocks of one 

brand can be clipped together to make a larger breadboard. 

In a more robust variant, one or more breadboard strips are mounted on a sheet of metal. 

Typically, that backing sheet also holds a number of binding posts. These posts provide a clean 

way to connect an external power supply. This type of breadboard may be slightly easier to 

handle. Several images in this article show such solderless breadboards. 

A "full size" terminal breadboard strip typically consists of around 56 to 65 rows of 

connectors, each row containing the above-mentioned two sets of connected clips (A to E and F 

to J). Together with bus strips on each side this makes up a typical 784 to 910 tie point solderless 

breadboard. "Small size" strips typically come with around 30 rows. Miniature solderless 

breadboards as small as 17 rows (no bus strips, 170 tie points) can be found, but these are only 

suitable for small and simple designs. A host controller connects a computer to a peripheral 

device, such as a storage device, network, or human interface device. As a host controller can 

also be viewed as bridging the protocols used on the buses between peripheral and computer, and 

internally to the computer, it is also called a host bus adapter. Likewise, specific types may be 

called adapters: a network interface controller may be called a network adapter, and a graphics 

card a display adapter. 

https://en.wikipedia.org/wiki/Crosstalk
https://en.wikipedia.org/wiki/Binding_post
https://en.wikipedia.org/wiki/Host_adapter
https://en.wikipedia.org/wiki/Computer_bus
https://en.wikipedia.org/wiki/Network_adapter
https://en.wikipedia.org/wiki/Display_adapter


41 
 

 

3.8 Pcb Plates : 

A printed circuit board (PCB) mechanically supports and electrically 

connects electrical or electronic components using conductive tracks, pads and other 

features etched from one or more sheet layers of copper laminated onto and/or between sheet 

layers of a non-conductive substrate. Components are generally soldered onto the PCB to both 

electrically connect and mechanically fasten them to it. 

Printed circuit boards are used in all but the simplest electronic products. They are also 

used in some electrical products, such as passive switch boxes. 

 

Fig.No:3.8.1 Pcb Plates 

PCBs can be single-sided (one copper layer), double-sided (two copper layers on both 

sides of one substrate layer), or multi-layer (outer and inner layers of copper, alternating with 

layers of substrate). Multi-layer PCBs allow for much higher component density, because circuit 

traces on the inner layers would otherwise take up surface space between components. The rise 

in popularity of multilayer PCBs with more than two, and especially with more than four, copper 

planes was concurrent with the adoption of surface mount technology. However, multilayer 

PCBs make repair, analysis, and field modification of circuits much more difficult and usually 

impractical. 

The world market for bare PCBs exceeded $60.2 billion in 2014.[1] In 2018, the Global 

Single Sided Printed Circuit Board Market Analysis Report estimated that the PCB market 

would reach $79 billion by 2024.  
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CHAPTER 4 

CIRCUIT DIAGRAMS 

 

4.1 Hybrid Robot Transmitter Circuit Diagram: 

 

 

Fig.No:4.1.1 Hybrid Robot Transmitter Circuit Diagram 

The Hybrid Robot transmitter side circuit is very simple as you can see in the circuit 

diagram above. The Arduino Uno is powered up using a 9 volt battery. 8 Pushbuttons are 

connected with the Arduino Uno. As you can see one side of all the Pushbuttons are connected 

with the ground, while the other sides of all the Pushbuttons are connected with the Arduino Uno 

I/O pins. 

The Pushbutton S1 which is connected with the Arduino’s pin number 2 is used to control 

the Forward movement of the Hybrid Robot. The Pushbuttons S2 and S3 which are connected 

with the Arduino’s pin number 4 and pin number 3 are used to control the Right and Left 

movement of the Hybrid Robot. The S4 switch which is connected with the Arduino’s pin 

number 5 is used to control the Reverse movement of the Hybrid Robot; you can also use this 

Pushbutton for stopping the Hybrid Robot. 

The Pushbuttons S5 and S6 which are connected with the Arduino’s pin number 6 and pin 

number 7 are used to start and stop charging from the Solar Panel. The Pushbuttons S7 and S8 

which are connected with the Arduino’s pin number 8 and pin number 9 are used to start and 

stop charging from the Wind Turbine. 
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The VCC pin of the 433Mhz RF transmitter module is connected with the Arduino’s 5v, 

ground of the transmitter module is connected with the Arduino’s ground while the Data pin of 

the 433Mhz RF transmitter module is connected with the Arduino’s pin number 12. 

Note: you can increase the range a bit by soldering a wire with the Antenna pin of the 

Transmitter module. 

4.2 Hybrid Robot Receiver Circuit Diagram: 

 

Fig.No:4.2.1 Hybrid robot receiver circuit diagram 

The Hybrid Robot receiver circuit looks a bit confusing or complex, but trust me it’s very 

simple and you will understand everything if you read the things I am going to explain. 

The Arduino Uno and all the electronic components are powered up using the 12 volt 

Battery. All the ground are interconnected. Let’s start with the 433Mhz Radio Frequency 

receiver module. The VCC pin of the 433Mhz RF receiver module is connected with the 

Arduino’s 5v, ground of the receiver module is connected with the Arduino’s ground while the 

Data pin of the 433Mhz RF receiver module is connected with the Arduino’s pin number 11. 

As you can see in the circuit diagram, each Motor is controlled using two relays. These 

relays are of the type SPDT “Single Pole Double Throw”. The connections of both the H-bridges 

are exactly the same except the Arduino pins. Let me explain what is an H-bridge and how it 

works. 

An H-bridge is used to control the Forward and Reverse rotation/direction of the DC 

motor. The two relays in an H-bridge are used to change the polarity of the voltage supplied to 

the motor. As you can see in the circuit diagram, Normally Closed contacts of the relays are 
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connected with the battery ground while the Normally Opened contacts of the relays are 

connected with the Battery 12 volts. While, the common contact of the relays are connected with 

the Motor terminals. 

If you turn On one relay and keep the other relay OFF the motor rotates in one direction, 

and vice versa. The motor remains Off if both the relays are Turned OFF or Turned ON. If there 

is no change in the polarity the motor will remain OFF. 

The two H-bridges are controlled using the Arduino’s pins 2, 3, 7, and 8. 5v from the 

Arduino turns on the relay, while the 0 “gnd” turns off the relay. 

The two relays on the right side are used to control the charging of battery from the Solar 

Panel and Wind Turbine. You might have noticed one thing, I am using the same 2n2222 NPN 

transistors and 10k ohm resistors for controlling all the relays. The 2n2222 NPN transistor and 

10k ohm resistor makes the relay driver circuit. Read my previous tutorial on the relay driver 

circuit designing and calculation. 

 

Fig.NO:4.2.3 Hybrid robot receiver Circuit diagram 2 
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CHAPTER 5 

RESULTS AND CONCLUSION 

5.1 Results: 
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5.2 Conclusion: 

 From this study it is clear that, in case of off-grid system, the optimized PV-wind-battery 

hybrid system is more cost effective compared to wind-alone system, PV alone system, and 

wind-PV hybrid system for the load with 8% annual capacity of shortage for this hypothetical 

system at the proposed site. From the sensitivity analysis, it is also clear that the major portion of 

the energy comes from wind. The sensitivity analysis also predicts that the reduction of 

installation cost of PV or wind energy system results in per unit electricity cost that is 

comparable to the grid electricity price. Furthermore, RES system can reduce GHG emission by 

a significant amount, thus being friendly to the environment. 

The model parameters are tuned based on experimental data, so that system responses 

under different operation conditions can be predicted without conducting individual experiments. 

Then, the performance of four hybrid systems under three typical loads was evaluated by 

calculating system costs and reliability. The results showed that the costs and reliability of all the 

systems were effectively improved by optimizing the system sizes. The hybrid system with the 

solar panels and battery sets achieved the lowest costs. 
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5.3 Future scope: 

  The  recent developments  in  the  power  system  allow  the seamless  integration  of 

alternate  form  of energy production sources into the existing power grid. However,  the 

fluctuating  and  intermitting characteristics  of  these  sources  are  the  major barriers in 

integration to the smart grids that can be handled  by  the deployment  and  effective  use  of 

control  techniques.  This  causes  not  only  the improvement  in  performance  but  also  the 

operational  hours  of  these  sources  will  be increased. 

The most exploited  renewable energy sources are hydel energy, wind  and photovoltaic  

sources.  The  share  of  renewable  energy  production  to global electricity demand is increasing 

continuously and  it  was  about  20%  at  the  end  of  2011. However,  these sources  vary in 

requirements  for their incorporation in main streamline. Issues such as  efficiency,  reliability  

and  security  in  power system   forces  the  operators  to  exploit  widely distributed renewable 

energy sources and deploy them rapidly into grid.  

These sources are beneficial to environment  and also to human health due to less  

pollution  generated.  Risks  associated  with others plants such as disruptions in fuel supply due 

to international conflicts, problems in transportation and unavailability of crew can also be 

overcome by the  onsite  small  scale  renewable  generations.Renewable  energy  resources  can  

be  used  for power generation as standalone isolated system but their benefits are significantly 

enhanced when they are integrated into electric utility system. With greater  use  of  smart  grid  

enabling  technologies, higher  degrees  and  rates  of  penetration  can  be accommodated.  
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Appendix 

a) Hybrid Robot Transmitter Arduino Programming: 

#include <VirtualWire.h> 

const int led_pin = 11; 

const int transmit_pin = 12; 

const int transmit_en_pin = 3; 

int button = 2; // for straight 

int button1 = 3; // right  

int button2 = 4; // left 

int button4 = 5; // stop 

int button5 = 6; // to start charging from solar 

int button6 = 7; // to stop charging from solar 

int button7 = 8; // to start charging from wind turbine 

int button8 = 9; // to stop charging from wind turbine 

void setup() 

{ 

    // Initialise the IO and ISR 

    vw_set_tx_pin(transmit_pin); 

     pinMode(button, INPUT); 

    pinMode(button1, INPUT); 

    pinMode(button2, INPUT);  

    pinMode(button4, INPUT);  

    pinMode(button5, INPUT);  

    pinMode(button6, INPUT);  
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    pinMode(button7, INPUT);  

    pinMode(button8, INPUT);  

    vw_setup(2000);       // Bits per sec     

} 

byte count = 1; 

void loop() 

{ 

char msg[7] = {'h'}; // straight 

char msg1[7] = {'j'}; // right 

char msg2[7] = {'l'}; // left 

char msg3[7] = {'m'}; // garbage value 

char msg8[7] = {'z'}; // stop 

 

// solar planel charge controlling 

char msg9[7] = {'s'}; // start charging from solar 

char msg10[7] = {'t'}; // stop charging from solar 

// wind turbine charge controlling  

char msg11[7] = {'w'}; // start charging from wind 

char msg12[7] = {'x'}; // stop charging from wind 

 

 // msg[6] = count; 

 if(digitalRead(button) == 0 ) 

 {   

  vw_send((uint8_t *)msg, 1); // change this number according to the sensor values 
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  vw_wait_tx(); // Wait until the whole message is gone 

  delay(1000); 

 } 

  if(digitalRead(button1) == 0 ) 

 { 

  vw_send((uint8_t *)msg1, 1); // change this number according to the sensor values 

  vw_wait_tx(); // Wait until the whole message is gone 

  delay(1000); 

 }   if(digitalRead(button2) == 0 ) 

 { 

  vw_send((uint8_t *)msg2, 1); // change this number according to the sensor values 

  vw_wait_tx(); // Wait until the whole message is gone 

  delay(1000); 

 }   

 if(digitalRead(button4) == 0 ) 

 { 

  vw_send((uint8_t *)msg8, 1); // change this number according to the sensor values 

  vw_wait_tx(); // Wait until the whole message is gone 

  delay(1000); 

 }    

// solar charging  

 if(digitalRead(button5) == 0 ) 

 { 

  vw_send((uint8_t *)msg9, 1); // sends s to the receiver 
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  vw_wait_tx(); // Wait until the whole message is gone 

  delay(1000); 

 }  

  if(digitalRead(button6) == 0 ) 

 { 

  vw_send((uint8_t *)msg10, 1); // sends t to the receiver 

  vw_wait_tx(); // Wait until the whole message is gone 

  delay(1000); 

 }  

 // wind charging  

 if(digitalRead(button7) == 0 ) 

 { 

  vw_send((uint8_t *)msg11, 1); // sends w to the receiver 

  vw_wait_tx(); // Wait until the whole message is gone 

  delay(1000); 

 }  

  if(digitalRead(button8) == 0 ) 

 { 

  vw_send((uint8_t *)msg12, 1); // sends x to the receiver 

  vw_wait_tx(); // Wait until the whole message is gone 

  delay(1000); 

 }  

   else  

 digitalWrite(button, HIGH); 
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 digitalWrite(button1,HIGH); 

 digitalWrite(button2,HIGH); 

 digitalWrite(button4,HIGH); 

 digitalWrite(button5,HIGH); 

 digitalWrite(button6,HIGH); 

 digitalWrite(button7,HIGH); 

 digitalWrite(button8,HIGH); 

} 

a) Hybrid Robot receiver Arduino Programming: 

#include <VirtualWire.h> 

const int led_pin = 13; 

int rightmotor1 = 2; // right side motor 

int rightmotor2 = 3; // left side motor 

 

int leftmotor1 = 7; 

int leftmotor2 = 8; 

int solar = 5; // relay connected for charging from solar 

int wind = 6; // relay connected fro charging from wind 

// we are using flags to stop the unnecessary repetition of code 

int sflag = 0; // solar flag  

int wflag = 0; // wind flag  

const int receive_pin = 11; 
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void setup() 

{ 

    delay(1000); 

    Serial.begin(9600); // Debugging only 

    Serial.println("setup"); 

    // Initialise the IO and ISR 

    vw_set_rx_pin(receive_pin); 

    vw_set_ptt_inverted(true); // Required for DR3100 

    vw_setup(2000);  // Bits per sec 

    vw_rx_start();       // Start the receiver PLL running 

    pinMode(led_pin, OUTPUT); 

    digitalWrite(led_pin, LOW); 

 

    pinMode(rightmotor1, OUTPUT); 

    pinMode(rightmotor2, OUTPUT); 

    pinMode(leftmotor1, OUTPUT); 

    pinMode(leftmotor2, OUTPUT); 

    pinMode(solar, OUTPUT);  

    pinMode(wind, OUTPUT);  

        // keep all the motors low     

    digitalWrite(rightmotor1, LOW);  

    digitalWrite(rightmotor2, LOW);  
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    digitalWrite(leftmotor1, LOW);  

    digitalWrite(leftmotor2, LOW);  

        // keep charging low by default.     

    digitalWrite(solar, LOW);  

    digitalWrite(wind, LOW);  

} 

void loop() 

{ 

    uint8_t buf[VW_MAX_MESSAGE_LEN]; 

    uint8_t buflen = VW_MAX_MESSAGE_LEN; 

    if (vw_get_message(buf, &buflen)) // Non-blocking 

    { 

    int i; 

    // Message with a good checksum received, dump it. 

    Serial.print("Got: "); 

    for (i = 0; i < buflen; i++) 

    { 

        char c = (buf[i]); 

    if( c == 'z') 

    { 

    digitalWrite(led_pin , LOW); 

            digitalWrite(led_pin, HIGH); 
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    digitalWrite(rightmotor1 , LOW); 

    digitalWrite(rightmotor2 , HIGH); 

    digitalWrite(leftmotor1 , LOW); 

    digitalWrite(leftmotor2 , HIGH); 

            Serial.print(c); 

        Serial.print(' '); 

    }  

        if( c == 'j') // for right side 

    { 

       digitalWrite(rightmotor1 , LOW); 

                digitalWrite(rightmotor2 , LOW); 

            digitalWrite(led_pin, LOW); 

                digitalWrite(leftmotor1 , LOW); 

                digitalWrite(leftmotor2 , LOW); 

                             delay(200); 

                digitalWrite(leftmotor1 , LOW); 

                digitalWrite(leftmotor2 , LOW); 

                delay(200); 

              //  digitalWrite(leftmotor1 , HIGH); 

              //  digitalWrite(leftmotor2 , LOW); 

            Serial.print(c); 

        Serial.print(' '); 
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    } 

 if( c == 'h') // for straight 

    { 

            digitalWrite(led_pin, HIGH); 

    digitalWrite(rightmotor1 , HIGH); 

    digitalWrite(rightmotor2 , LOW);  

    digitalWrite(leftmotor1 , HIGH); 

    digitalWrite(leftmotor2 , LOW); 

            Serial.print(c); 

        Serial.print(' '); 

    }   

     if( c == 'l') // for left 

    { 

                  digitalWrite(leftmotor1 , LOW); 

                digitalWrite(leftmotor2 , LOW); 

                 digitalWrite(rightmotor1 , LOW); 

                digitalWrite(rightmotor2 , LOW); 

                delay(200); 

                digitalWrite(rightmotor1 , LOW); 

                digitalWrite(rightmotor2 , LOW); 

                delay(200); 

//                digitalWrite(leftmotor1 , LOW); 
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//                digitalWrite(leftmotor2 , HIGH); 

            Serial.print(c); 

        Serial.print(' ');   

    }    

  // for solar panel 

    if(( c == 's') && (sflag == 0) )// On relay to start charging 

    { 

      digitalWrite(solar, HIGH);  

      sflag = 1;    

  Serial.println("charging from solar started");   

    } 

    if(( c == 't') && (sflag == 1) )// STOP CHARGING 

    { 

      digitalWrite(solar, LOW);  

      sflag = 0;    

  Serial.println("charging from solar stoped");      

    } 

      // for wind turbine 

    if(( c == 'w') && (wflag == 0) )// On relay to start charging 

    { 

      digitalWrite(wind, HIGH);  

      wflag = 1;   
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 Serial.println("Charging from wind turbine started");         

    } 

    if(( c == 'x') && (wflag == 1) )// STOP CHARGING 

    { 

      digitalWrite(wind, LOW);  

      wflag = 0;        

        Serial.println("Charging from wind turbine Stopped");    

    } 

// garbage value     

    if( c == 'm') 

    { 

            Serial.print(c); 

        Serial.print(' ');     

    } 

    } 

    } 

} 
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Classification  of Project 

 

Application Product Research Review 

    

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 

1 

  1 1 3   3       

Outcome 

2 

 2 2 2    3 3      

Outcome 

3 

 3 3 3    3    2   

Outcome 

4 

3 3 3     3   2 1 2 2 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

  on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 

Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  



61 
 

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of t h e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering  

    solutions in societal and environmental contexts, and  demonstrate the knowledge of,  

    and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

    norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  
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      presentations, and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 

Programme Specific Outcomes(PSO): 

1. Apply the knowledge of circuit design, analogy & digital electronics to the field of electrical 

and electronics systems. 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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ABSTRACT 

 

                           One of main source of income in India is Agriculture. The production rate of crops in 

agriculture is based on various parameters like temperature, humidity, rain, etc. which are natural 

factors and not in farmers control. The agricultural fields are affected by pests, diseases etc which can 

be controlled by giving proper treatment to crops. Pesticides may increase the productivity of crops but 

it also affects human health. So the main aim of this project is to design agriculture drone for spraying 

pesticides.  

                            

                                In this project, we are going to discuss a different architecture based on Unmanned 

Aerial Vehicles (UAVs). The use of pesticides in agriculture is very important and it will be so easy to use 

them if we use intelligent machines such as robots using new technologies.  This project gives the idea 

about a technology used to reduce human efforts in various operations of agriculture like detection of 

presence of pests, spraying of UREA, spraying of fertilizers, etc.  

                             

                             This project describes the development of quad copter UAV and the spraying 

mechanism. In this project we also discuss integration of sprayer module to quad copter system. The 

discussed system involves designing a prototype which uses simple cost effective equipment like BLDC 

motor, Arduino, ESC wires, etc. 

Keywords: Unmanned Arial vehicles, Brushless motors, remote sensing, ESC wires, Li Pro wireless 

charger. 
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CHAPTER 1 

INTRODUCTION : 

1.1.Introduction  

Agriculture in India constitutes more than 60% of occupation. It serves to be the backbone of Indian 

economy. It is very essential to improve the productivity and efficiency of agriculture by providing safe 

cultivation of the farmer. The various operations like spraying of pesticides and sprinkling fertilizer are 

very important. Though spraying of pesticides has become mandatory it also proves to be a harmful 

procedure for the farmers. Farmers especially when they spray urea, take to many precautions like 

wearing appropriate outfit masks and gloves. It will avoid any harmful effect on the farmers. Avoiding 

the pesticides is also not completely possible as the required result has to be met. Hence fore, use of 

robots in such cases gives the best of the solutions for this type of problems, along with the required 

productivity and efficiency of the product. According to survey conducted by WHO (world health 

organization) it is estimated that every year about 3 million workers are affected by poisoning from 

pesticides from which 18000 die. This projects aims to overcome the ill-effect of the pesticides on 

human beings and also use to spray pesticides over large area in short intervals of time compare to 

conventional spraying by using automatic fertilizer sprayer. This device is basically combination of 

spraying mechanism on a quad copter frame. This model is used to spray the pesticides content to the 

areas that cannot easily accessible by humans. The universal sprayer system use to spray liquid as well as 

solid contents which are done by the universal nozzle. 

A quad-copter called a quad-rotor helicopter or quad rotor is a multi-rotor helicopter that is lifted and 

propelled by fourrotors. Quad-copters are classified asrotorcraft, as opposed tofixed-wing aircraft, 

because their lift is generated by a set of rotors(vertically orientedpropellers). Unlike most helicopters, 

quad-copters use two sets of identical fixed pitched propellers; two Clock Wise (CW) and two Counter-

Clock Wise (CCW). These use variation of RPM to control lift and torque. Control of vehicle motion is 

achieved by altering the rotation rate of one or more rotor discs, thereby changing it’s torque load and 

thrust/lift characteristics, And The quad-copter is one of the most complex flying machines due to its 

versatility and maneuverability to perform many types of tasks. Classical quad-copters are usually 

equipped with four rotors. Our specific project is concerned with the design and control of a miniature 

rotorcraft, known as a  quad-copter. Quad-copters are symmetrical vehicles with four equally sized rotors 

at the end of four equal length rods , Each of the rotors on the quad-rotor helicopter produces both thrust 

and torque. Given that the front and rear motors both rotate counter-clockwise and the other two               

rotate clockwise, there  for the aerodynamic torque will be zero.        
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                                        Figure 1.1: Quad copter model 

 1.2 METHODS AND ALGORITHMS  

A). Agriculture drone system using Atmega 328 All the limitation discussed in above systems can be 

overcome if the system is implemented using Atmega 328. This system is will used BLDC motors which 

are multiphase, normally 3 phases, so direct supply of DC power will not turn the motor ON. Electronic 

speed controller (4 used for the generating high frequency signals with different but controllable phases 

to keep the motor turning. The ESC controller is also able to source a lot of current as the motors can 

draw a lot of power. 30 PRM 12V DC geared motors for robotic applications are very easy to used and 

available in standard size. To measure acceleration accelerometer used and to measured angular velocity 

gyro meter is used. LiPo battery can be found in single cell of 3.7V to in a pack of over 10 cell connected 

in a series (37V). Where the communication with the HMC5883L is simple and all done are through an 

I2C interface. There is an on board regulator. The breakout board includes the HMC5883L sensor and all 

filtering capacitors. 

                                  

                                       Fig. 1.2. System block diagram using Atmega 328 

 

B). Agriculture Wonder Drone using ATMEGA 644PA The Agriculture Wonder Drone system is designed by 

making used of Microcontroller Atmega 644PA. In this block diagram of Agriculture wonder drone accelerometer 

and gyrometer sensors are used for the purpose of measuring accelerations and force so the downward gravity will 
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also be sensed. A gyro meter is used for measuring angular velocity, in other words the rotational speed around the 

three axes. There are different sections of transmitter and receiver. In this block diagram the transmitter section 

consist of signal sampling block which is used for quantization and sampling of signal. Frequency modulator is 

used for modulation purpose and filtering part done by band pass filter. The receiver section consisting of battery, 

ESC controller, motors and sprinklers. Sprinkling has two sections simultaneously remote controller and sprayer 

controller. The remote controller section is used to control the actuator of sprinkler. The nozzle of sprayer module 

was get activated by remote controller. Wherever there was a need to activate a sprayer by RF transmitter remote. 

Sprayer model contains two modules spraying and controller module. Pesticide was get spray and the controller 

section activated the nozzle of the section. Tank status also gets verified. 

                                 

                   Fig. 1.3. Block diagram of Agriculture Wonder Drone System using Atmega 644PA. 

1.3 QUADCOPTER SYSTEM AND PARTS  

 Quad-copter  systems has many parts and explained as flow 

  

 

 

 

 

BLOCK DIAGRAM: 
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 1.3.1. Battery:   

Battery is an electrochemical cell (or enclosed and protected material) that can be charged electrically to 

provide a static potential for power or released electrical charge when needed.A battery generally 

consists of an anode, a cathode, and an electrolyte. Common types of commercial batteries and some of 

their characteristics and advantages are summarized in the following table(1.2.2). Battery types shown 

include the Zinc-Air, Flooded Lead Acid, and Alkaline batteries. 

And battery Electricity , as you probably already know, is the flow of electrons through a conductive 

path like a wire. This path is called a circuit.  Batteries have three parts, an anode (-), a cathode (+), and 

the electrolyte. The cathode and anode (the positive and negative sides at either end of a traditional 

battery) are hooked up to an electrical circuit as shown in figure(1.2.3).This results in an electrical 

difference between the anode and the cathode. 

                                                  

 

 

Figure 1.4:BATTERY 
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BATTERY TYPE CHARCTERISTICS  TYPCIAL USES ADVANTAGES 

Sealed lead 

acid(SLA)battery. 

Can hold a charge for 

upto 3years.  

 

Backup emergency 

power source   

 

inexpensive 

Nickelcadmiu m(nicd) 

battery  

 

Fast,even energy 

discharge  

 

Appliances,audio and 

video equipment,to 

most popular battery  

 

Relatively inexpensive 

,widely available.  

 

 Typical power capacity 

is 1.2V, 

1200 to 1500 

mah,extended life 

2300mah,2.5 to 4 hours 

battery life . 

 

Portable computers,ce 

llular phones. 

No memory 

effect,unuse d capacity 

remains usable. 

 

Lithium ion 

(LiION)battery. 

Stable and safe,highest 

energy capacity  

 

Portable computers,ce 

llular phones  

 

Twice the charge 

capacity of ni-cd,slow 

self discharge. 

A) TABULAR FORM OF BATTERY TYPES 

                              

 The chemical reactions in the battery causes a build up of electrons at the anode thinkof  this difference 

as an unstable build-up of the electrons. The electrons wants to rearrange themselves to get rid of this 

difference. But they do this in a certain way.Electrons repeleach other and try to go to a place with fewer 

electrons. In a battery, the only place to go is to the cathode. But, the electrolyte keeps the electrons from 

going straight from the anode to the cathode within the battery. When the circuit is closed (a wire 

connects the cathode and the anode) the electrons will be able to get to the cathode. In the picture above, 

the electrons go through the wire, lighting the light bulb along the way. This is one way of describing 

how electrical potential causes electrons to flow through the circuit.   

However, these electrochemical processes change the chemicals in anode and cathode to make them stop 

supplying electrons. So there is a limited amount of  power available in a battery. When you recharge a 

battery, you change the direction of the  flow of electrons using an other power source,such as solar 

panels.The electrochemical processes happen in reverse, and the anode and cathode are restored to their 

original state and can again provide full power.  

1.3.2.MOTOR : 

An electric motor is an electrical machinethat converts electrical energy into mechanicalenergy. The 

reverse of this would be the conversion of mechanical energyinto electrical energyand is done by an 

electric generator, the main constructions of any motor can listed as shown .  

1.3.3.ROTOR: 

 In an electric motor the moving part is the rotor which turns the shaft to deliver the mechanical power. 

The rotor usually has conductors laid into it which carry currents that interact with the magnetic field of 
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the stator to generate the forces that turn the shaft. However, some rotors carry permanent magnets, and 

the stator holds the conductors. 

1.3.4.STATOR :  

The stator is the stationary part of the motor’s electromagnetic circuitand usually consists of either 

windings or permanent magnets.The stator core is made up of many thin metal sheets, called 

laminations. Laminations are used to reduce energy losses result if a solid core was used.  

                                   

                              Figure 1.5 : Electric motor rotor (left) and stator(right)   

 1.3.5.AIRGAP: 

 In between the rotor and stator is the airgap.The airgap has important effects,and is generally as small as 

possible, as a large gap has a strong negative effect on the performance of an electric motor.  

1.3.6.WINDINGS : 

 Windings are wires that are laid in coils, usually wrapped around a laminated soft iron magnetic coreso 

as to form magnetic poles when energized with current.  

1.3.7.COMMUTATOR :  

A commutator is a mechanism used to switch the input of most DC machines and certain AC machines 

consisting of slip ring segments insulated from each other and from the electric motor's shaft. The 

motor's armature current is supplied through the stationary brushes in contact with the revolving 

commutator, which causes required current reversal and applies power to the machine in an optima 

lmanner as the rotor rotates from pole to pole ,In absence of such current reversal,the  motor would brake 

to a stop.In light of significant advances in the past few decades due to improved technologies in 

electronic controller,sensorless control electromechanically commutated motors are increasingly being 

displaced by externally commutated induction and   permanent-magnet motors.        

1.3.8.MOTOR SUPPLY :   

A DC motor is usually supplied through slip ring commutator as described above. AC motors' 

commutation can be either slip ring commutator or externally commutated type, can be fixed-speed or 

variable-speed control type, and can be synchronous or asynchronous type. Universal motorscan run on 

either AC or DC .   
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o GENERAL CLASSIFICATION OF MAGNETS  

There are two main kind of magnets :   

A)Permanent magnets.   

B) Electro magnets.   

ROTOR STATOR APPLICATIONS 

Electromagnet Electromagnet Induction motors,Universal 

motors. 

Electromagnet Permanent magnet Brushed DC motors 

Permanent magnet Electromagnet BLDC motors,Stepper motors. 

Permanent magnet Permanent magnet Not possible to build a motor . 

B) Table shows motor classifications  

  

Motors are the starting point when calculating flight stability and control. The motors chosen should 

meet the following objectives:   

o Lightweight.   

o High speed and torque.   

o Cost effective.   

o PWM speed controlled.   

o Synchronized.   

After a deep search to find the motor that achieves specifications mentioned earlier. Brushless motor is 

the best options available.   

1.4. CONTROL SYSTEM : 

Radio system include Sending and receiving parts ( radio transmitter and receiver(TX & RX) : which 

send and receive signals via radio waves. Everyone has seen waves on the surface of water. You made 

them in the bathtub when you were small, All of you have listened to radio waves Everyone has seen 

waves on the surface of water. You made them in the bathtub when you were small, All of you have 

listened to radio waves from your favorite radio stations. All waves have certain things in common.Let’s 

look at Figure(2.4)below tolearn more about the parts of wave .  
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                                        Figure 1.6 : wave form showing crest & trough 

                  All waves have crest(high points), troughs(low points), a wavelength(the distance from one 

crest to another or one trough to another), amplitude(the height of a crest or trough), and a frequency (the 

number of complete wave lengths that pass a given point in a second.) When we talk about frequency 

Waves that we see and make in water are mechanical waves, as are sound waves.Both require stuff or 

amediumtotravelthrough.The sound waves that you hear when someone speaks push air that hits your 

eardrum. The compressions of the wave cause a vibration on your eardrum, which you translate into 

sound.This sound can be speech,music, or simply noise. The media that water waves travel in is not 

surprisingly,water. Mechanical waves can switch media that they are traveling in. For, when a wave 

crashes on the beach we can hear it or if music is played really, really loud it can vibrate walls.However 

mechanical waves always need something to travel in.There is another group of waves called 

electromagnetic waves that can travel in certain media and in a vacuum .  

1.4.1.ELECTROMAGNETIC WAVES:  

Electromagnetic waves have the same characteristic parts as mechanical waves (e.g., wavelength, 

amplitude, frequency ,etc),but they behave very differently. Sound waves travel in air at a speed of 

approximately 344 meters/second, while electromagnetic waves travel at the speed of light 

300000000meters/second). While mechanical waves move in e.g., air or water, electromagnetic waves 

can travel in a vacuum. Another important characteristic of electromagnetic waves is that they will travel 

in a straight line unless something changes their course (e.g,think of a laser beam).  

Electromagnetic waves have many uses and enormous range of  frequencies , and they are very effective 

in sending and receiving informations. The radio waves are one part of many parts of           

Electromagnetic waves the sending part is called a transmitter and the receiving part called the receiver.  

1.4.2.FLIGHT CONTROLLER : 

A flight controller is a circuit board that reads sensors data and use commands, and 

makesadjustmenttothemotorspeed,in order to keep the multirotor balanced and in control.All multicopter 
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flight controllers have Gyro (Gyroscopes) and Acc (Accelerometer) these days, some more  advanced FC 

even have Barometer (barometric pressure sensors),magnetometer (compass) and GPS. For example the 

gyroscopes is for orientation,the barometers is for holding altitudes,while the GPS can also be used for 

auto-pilot or fail-safe purposes.  

While many flight controllers have similar hardware or sensors,they have very different software and 

calculation algorithms, which results in different flight characteristics, and user interface. That’s why the 

same multicopter flies and feels differently with different flight controller  insalled. There are so many 

flight controllers available at the moment on the market. Some of them are more expensive, while some 

are richer in functionality. Some have been around a long time, while some are just cheaper clone of 

others .  

1.4.3.ELECTRONIC SPEED CONTROLLERS : 

 An electronic speed control or ESC is an electronic circuit with the purpose to vary anelectric motor's 

speed,its direction and possibly also to act as a dynamic brake. ESC’s are often used on electrically 

powered radio controlled models, with the variety most often used for brushless motorsessentially 

providing an electronically generated three-phase electric powerlow voltage source of energy for the 

motor. Most modern ESC’s incorporate abattery eliminator circuit(or BEC) to regulate voltage for the 

receiver, removing the need for separate receiver batteries. BECs  are usually either line or switched 

mode voltage regulators. DC ESC’s in the broader sense are PWM controllers for electric motors. The 

ESC  generally accepts a nominal 50 Hz PWM servo input signal whose pulse width varies from 1ms to 

2ms.When supplied with a 1ms width pulse at 50 Hz, the ESC responds by turning off the DC motor 

attached to its  output. A 1.5 ms pulse-width input signal drives the motor at approximately half-speed. 

When presented with 2.0 ms input signal, the motor runs at full speed.  

The correct phase varies with the motor rotation,which is to be taken into account by the ESC: Usually,

back EMFfrom the motor is used to detect this rotation, but variations exist that use of magnetic(

HallEffect)or optical detectors. Computer-programmable speed controls generally have userspecified 

options which allow setting low voltage cut-off limits,timing, acceleration, braking and direction of 

rotation. Reversing the motor's direction may also be accomplished by switching any two of the three 

leads from the ESC to the motor. We note that there are three wires that go between the motor and the 

ESC. These motors are three phase motors, meaning there are three coils inside. The coils are energized 

in sequence to make the motors spin. So the ESC's job is to energize the coils in sequence, but it needs to 

time each energization correctly so the motor can actually accelerate to the right speed. The ESC has a 

microcontroller inside that turns on or off the coils using FETs and also determines timing by measuring 

the feedback in the coils caused by the movement of the magnets.  

1.4.4.FRAME: 

In considering the frame, the first consideration is the material to be used.It must be 

lightweight,sturdy,andaffordable.The forces which act on the aircraft primarily will be gravity and air 

pressure. Gravity allows for construction under the guidance of a limited mass to allow for structural 

stability on the ground, as well as control of the copter in the air. Air pressure, which is used to 

determine the airspeed, will affect the quadcopter‟s stress on the screws at higher altitudes. The higher 

the altitude, the lighter the air, the smaller the forces against the frame,which implies the copter’s 
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frame,is being stretched.This is what is kept in mind when considering for the base material for our 

aircraft. For the project,three materials are possibilities due to their popularity in the RC World:wood, 

aluminum and plastic.  

1.4.5.PROPELLERS: 

 Quad copters uses two clockwise(CW) and two counter-clockwise(CCW) propellers. Propellers are 

classified by length and pitch. For example 9×4.7 propellers are 9 inch long and has a pitch of 4.7.  

Generally, increased propeller pitch and length will draw more current.Also the pitch can be defined as 

the travel distance of one single prop rotation. In a nutshell, higher pitch means slower rotation, but will 

increase your vehicle speed which also use more power.  

                 

                             Figure 1.7 : propellers length and pitch  

1.4.6 Comparison between high pitch and low pitch props:  

Generally a prop with low pitch numbers can generate more torque. The motors don’t need to work as 

hard so it pulls less current with this type of  prop. If you want to do acrobatics, you will need torque 

propellers which provide more acceleration and it puts less pressure on the power system.Lower pitch 

propellers will also improve stability. A higher pitch propeller moves greater amount of air, which could 

create turbulence and cause the aircraft to wobble during hovering. If you notice this with your 

quadcopter, try to choosing a lower pitched propeller .  

1.4.7 Comparison between  small length and large length props: 

 When it comes to the length, propeller efficiency is closely related to the contact area of a prop with air, 

so a small increase in prop length will increase the propeller efficiency. (pretty much like swimmers with 

larger hands and feet can swim faster, but also moretiringforthem).A smaller prop is easier to stop or 

speed up while a larger prop takes longer to change speeds (inertia of movement). Smaller prop also 

means it draws less current, that is why hexa-coptorsandocta-copters tend to use smaller props than 

quad-copter of similar size. Increased propeller pitch and length will draw more current and the high 

current effect on the motors and increase their heat quickly, High KV motors need small props to work 

efficiently,Low KV motors need a large  props to work efficiently.If you put a largepropeller on a high 

KV motor,it will draw a lot of current and become so hot quickly , If you put a small propeller on a low 

KV motor , it will pull a small weight and decrease stability.  With a well balanced motor and propeller 

combination, your quad copter should achieve great efficiency, not only improve battery life time, but 

also allows great user control experience.  
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CHAPTER 2 

Quad-copter flight dynamics 

 2.1. Quad-Copter Movements : 

 Before we take a look on the physics, it is important to understand how a quad-copter moves and how 

we can control it. We first have to define :   

2.1.1Quad-copter flight dynamics : 

 Flight dynamics is the science of airvehicle orientation and control in three dimensions. The three 

critical flight dynamics parameters are the angles of rotation in three dimensionsabout the vehicle's 

center of mass,known as roll, pitch and yaw . Each one of the three parameters is              oriented around 

one of the three axes x, y and z . as shown in figure(2.1) 

                           

                  

                Figure 2.1 : Yaw, pitch and roll around x, y and z axes   

           

                           Figure 2.2 : Yaw, pitch and roll on the quad-copter  
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The main movements of the quadcopter  can be summarized as follows:   

2.1.2 .Roll , Pitch ,Yaw and Throttle : 

 Pitch and roll angles are generated with different speed of opposed rotors.To move the quad-copter 

upward (throttle), the speed of every motor is increased.The tricky part is the yaw angle.If every rotor 

would turn in the same direction, the quad-copter would start turning around the z axis (like a helicopter 

without a rear rotor). Therefore rotation directions are configured as seen in figure (2.3)  

                                

                                figure (2.3) : Rotor Direction.  

 2.1.3  Hovering : 

For hovering a balance of forces is needed.The picture below shows such a situation. If we want the 

quad-copter to hover,SUM(Fi) must be equal m•g (where m is the mass of the quad-copter, g the gravity 

acceleration and F1 -F4 the forces of the motors). For this simple example we assume               all motors 

are equal and have the same force. So if SUM(Fi) is smaller then m•g than the quad-copter is declining, 

if it is greater, it is climbing.  

SUM(Fi) >m•g<=> climb  

SUM(Fi) = m•g<=> hover  

SUM(Fi) <m•g<=> decline  

                  

          Figure 2.4 : Balance of Power while hovering.  

2.1.4 Tilting :   

Now let us take a look on what is happening when we tilt the quad-copter.Figure 2.10 shows such a 

situation. For simplification only two of the four rotors are shown. We see that the force is divided in two 
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different parts. FL1 and FL2 are the part of the force used to lift the quadcopter.               FT1and FT2 

represents the part used for the translation. It is obvious that the lift part becomes smaller with increasing 

φ.  

                  

                     Figure 2.5 : Force Distribution for Tilting. 

 

 Configurations  

There are two configurations for quad-copter motors positioning (X) configuration                    and (+) 

configuration . 

 

                               Figure (2.6): Quad-copter x & + configuration ^[22]  

  

 The main motions that the vehicle should perform are front,back,left and right.  

✓For the (x) configuration  
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                                 Figure 2.7 : X configuration motions  

 

✓For the (+) configuration  

 

Figure 2.8:(+)Configuration for forword  
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Figure 2.9 : (+) Configuration to Rotate left, right, going up and move right 
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CHAPTER 3 

COMPONENTS AND CONNECTION  

3.1.INTRODUCTION  

In this chapter we discuss the component of the quad copter specifically with its design, its way of work 

and mechanism. Also the connection and the assembly of all component will be described. 3.2.Frame 

wood was the best choice. With wood, test flights can be performed  repeatedly,and modifications can be 

easily made on it . Furthermore,due to its increased strength to stress, wood is less likely to bend due to 

take-off or stable flight; also, it carries a stronger stability to the frame.wood is less weight from the 

other material to meet the minimum quadcopter requirements. The lightweight frame must be designed 

to support all the quad-copter subsystems. So a prototype frame was designed with a 11.5 circle square 

wood central plate with four 30cm  wood struts. 

3.2.The controller(KK2.1.5) : 

The next evolution of the rotor revolution is here!! The KK2.1.5 is packing new found power with 

updated sensors, memory and header pins.The KK2.1.5 is next big evolution of the first generation KK 

flight control boards. The KK2.1.5 was engineered from the grounduptobring multi-rotor flight to 

everyone, not just the experts. The LCD screen and built in software makes install and setup easier than 

ever. A host of multirotor craft types are pre-installed, simply select your craft type,check motor 

layout/propeller direction,calibrate your ESC’s and radio and  you‟re ready to go! All of which is done 

with easy to follow on screen prompts. The original KK gyro system has been updated to an incredibly 

sensitive 6050 MPU system making this the most stable KK board ever and allowing for the addition of 

an auto-level function. At the heart of the KK2.1.5 is anAtmelMega328PA8-bitAVRRISC-based 

microcontroller with 64k of memory. An additional polarity protected header has been added for voltage 

detection, so no need for on-board soldering. A handy piezo buzzer is also included for audio warning 

when activating and deactivating the board. The KK2.1.5 added polarity protection to the voltage sense 

header and a fuse protected buzzer outputs, in case something is accidentally plugged in incorrectly. The 

voltage sense line has been updated for better accuracy. The board is clearly labeled and the             

voltage sense line color has been changed to red for easy identification,making installation and 

connections a snap. The 6 Pin USBasp AVR programming interface ensures future software updates will 

be quick and  easy.  

                                   

                                       Figure 3.1:  KK2.1.5 Specifications  
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The Specifications of  KK2.1.5 is  

➢ Size: 50.5mm x 50.5mm x 12mm  

➢ Weight: 21 gram  

➢ IC: Atmega644 PA 

 ➢ Gyro/Acc: 6050MPU InvenSense Inc.  

➢ Auto-level: Yes 

 ➢ Input Voltage: 4.8-6.0V.  

➢ AVR interface: standard 6 pin 

 ➢ Signal from Receiver: 1520us (6 channels)  

➢ Signal to ESC: 1520us  
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The pins identification as shown below: 

 

                               Figure3.2: pins identification 

3.3.Lithium-Polymer Battery Series : 

Lithium-polymer batteries offer a variety of significant advantages over  NiCd,NiMHandLi-Ion batteries 

for use in R/C electric devices.It is very important to have a good understanding of the operating 

characteristics of LiPobatteries-especially how to charge and care for them safely. Always read the 

specifications printed on the battery‟s label and this instruction sheet in their entirety prior to use. Failure 

to follow these instructions can quickly result in severe, permanent damage to the batteries and its 

surroundings and even start a FIRE!Before and after every use of your LiPo battery, inspect all cells in 

the pack as much as possible to ensure no physical damage or swelling is evident. Such signs can often 

indicate a dangerous problem exists with the battery that could lead to failure.  

3.3.1.Turnigy batteries: 

Turnigy batteries are known the world over forperformance,reliability and price. It’s no surprise to us 

that Turnigy Lipoly packs are the go-to pack for those in the know. Turnigy batteries deliver the full 

rated capacity at a price everyone can afford. Turnigy batteries are equipped with heavy duty discharge 

leads to minimise resistance and sustain high current loads. Turnigy batteries stand up to the punishing 

extremes of aerobatic flight and RC vehicles.Each pack is equipped with gold plated connectors and 

JST-XH style balance connectors. All Turnigy Lipoly batteries packs are assembled using IR matched 

cells. You won’t find a better deal in Lipoly batteries anywhere. 

We choose : 4800mah-3S-30C lipo back 
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                                           Figure 3.3: Lipo Battery 

Specifications The Specifications of the battery is  

➢ Minimum Capacity: 4800mAh  

➢ Configuration: 3S1P / 11.1v / 3Cell 

 ➢ Constant Discharge: 30C  

➢ Peak Discharge (10sec): 40C  

➢ Pack Weight: 347g  

➢ Pack Size: 144 x 50 x 22mm  

➢ Charge Plug: JST-XH  

➢ Discharge plug: 4mm Bullet-conn 

3.3.2.Voltage Cells : 

The first thing to talk about is the battery's voltage. While the batteries exact voltage may not be printed 

on the battery itself but it will tell how many cells the battery has. LiPo batteries are made up of cells. 

Each cell is 3.7 volts. for example the battery shown above is a 3s battery. This              means that is has 

3cells, which would give it a total voltage of 3.7x 3 = 11.1 v .  

3.4  Electronic speed controller(Brushless ESC 40A):  

This is a solid Electronic Speed Controller (ESC),shows in Figure (3.4),ideal for use with our quad-

copter. It can support a max of 40 Amp continuous output to handle both large and small motors. We use 
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the ESC with our Configuration to perform a throttle calibration with all motors at once with our quad-

copter.  

Specifications : 

The Specifications of Esc is  

➢ Cont Current: 40A  

➢ Burst Current: 55A                                                 

➢ BEC Mode: Linear  

➢ BEC : 5v / 3A 

➢ Lipo Cells: 2-6 

➢ NiMH : 5-18  

➢ Weight: 33g 

➢ Size: 55x28x13mm 

  

Figure 3.4 : Brushless ESC 40A 

3.5. Brushless Motor : 

After we discuss the motor at general . here we choose a specific type which is called brushless DC 

motor . The brushless motor, unlike the DC brushed motor, has the permanent magnets glued on the 

rotor. It has usually 4 magnets around the perimeter.The stator of the motor is composed by the 

electromagnets, usually 4 of them, placed in a cross pattern with 90 degrees angle between them. The 

major advantage of the brushless motors is that, due to the fact that the rotor carries only the permanent 

magnets, it needs of NO power at all. No connection needs to be done with the rotor, thus, no brush-

commutator pair needs to be made! This is how the brushless motors took their name from.This feature 

gives the brushless motor great increasment in reliability, as the brushes wear off very fast. Moreover, 

brushless motors are more silent and  more efficient in terms of power consumption.  
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3.5.1 Advantages : 

❖ Brushless motors offer several advantages over brushed DC motors, including high torque to weight 

ratio, more torque per watt(increased efficiency), increased reliability, reduced noise, longer lifetime (no 

brushand commutator erosion), elimination of ionizing sparks from the         commutator .   

❖ High Speed Operation – A BLDC motor can operate at speeds above 10,000 rpm under loaded and 

unloaded conditions.  

❖ Responsiveness & Quick Acceleration – Inner rotor Brushless DC motors have low rotor inertia, 

allowing them to accelerate, decelerate,and reverse direction quickly.  

❖ High Power Density –BLDCmotors have the highest running torque per cubic inch of any DC motor. 

Any BLDC motor has two primary parts; the rotor, the rotating part, and the stator, the stationary part. 

Other important parts of the motor are the stator windings and the rotor magnets. There are two basic 

BLDC motor designs: inner rotor and outer rotor design .as shown in figure(3.6).  

 

                         Figure 3.5 : BLDC motor designs  

In an outer rotor design,thewindings are located in the core of the motor.The rotor magnets surround the 

stator windings as shown here. The rotor magnets act as an insulator, thereby reducing the rate of heat 

dissipation from the motor. Due to the location of the stator windings, outer rotor designs typically 

operate at lower duty cycles or at a lower rated current. The primary advantage of an outer rotor BLDC 

motor is relatively low cogging torque. In an inner rotor design, the stator windings surround the rotor 

and are affixed to the motor’s housing as shown here. The primary advantage of an inner rotor 

construction is its ability to dissipate heat. A motor‟s ability to dissipate heat directly impacts its ability 

to produce torque. For this reason, the overwhelming majority of BLDC motors use an inner rotor 

design. Another advantage of an inner rotor design is lower rotor inertia. 

3.6 Transmitter : 

Perfect for smaller hands or for packing inyour travel case,this 6XTX is  a full range, entry level 2.4GHz 

transmitter that includes switchable mode functions between mode-1 and mode-2 (although this TX is 

configured to mode 1), fixed wing and delta mix function, servo reverse, dual rates and  adjustable stick 

length. It comes with a 6ch receiver . 
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                                    Figure 3.6: Transmitter 

Specifications   

The Specifications of the transmitter  

➢ Weight: 265g  

➢ Dimensions: 156 x 152 x 50mm  

➢ Frequency: 2.4GHz FHSS  

➢ Channels: 6  

➢ Voltage: 6V (4 AA Size Battery)  

3.7 Receiver :   

The receiver is what goes into your aircraft and controls the servos and motor(s). You can see from this 

receiver that it is a 5 channel receiver (Aileron, Elevator, Throttle, Rudder , and Aux). The BAT slot is 

not considered a channel.The receiver above connects wirelessly to the transmitter using a 2.4Ghz 

frequency. 2.4Ghz frequency is the standard frequency for RC planes. The receiver runs by 5v, and sends 

signals to the servos to turn them. It also sends a signal to the ESC to tell it how fast the run the motor. 

Now you may be wondering were the receiver gets it's 5 volts from. It gets that from the ESC's BEC, or 

battery elimination circuit.   

                   

                                     Figure 3.7: Receiver 
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Specifications:   

The Specifications of  receiver   

➢Weight: 6.5g  

➢Dimensions: 33.5 x 20.5 x 13mm  

➢Voltage: 4.8-6v. 

3.8 Connection : 

 In this part e talk about how to assemble and connect each part of the craft attaching that with pictures .   

3.8.1 Assembling the Frame :   

Connecting the four wood parts with the central square part as shown in figure(3.14).  

           

             Figure 3.8 Assembling the Frame 

3.8.2  Attaching the Flight Control Board :   

Connecting the flight control board to the central wood part . as shown in 
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         Figure 3.9 Attaching the Flight Control Board   

 

3.8.3  Connecting the ESC’s:   

we connect the ESCs in three different places :   

Power Wires Connect the red and black power wires from each ESC to red and black power wire from 

my power harness. Connect red to red and black to black to avoid shorting and ruining the ESC . as 

shown in figure (3.16) .  Motor Phase Wires The order these wires are connected determines the rotation 

direction of the motor and prop. Depending on the ESC being used the colors may vary. You initially 

connect the three motor wires from each ESC to the 3 motor wires in any order. Later, you can switch 

any two of the three motor wires to reverse the direction of a motor and prop if necessary. 

3.9 Battery Elimination Circuit(BEC) & Signal Connector :  

Finally, Connect the BEC power and signal wires to the flight control board. Most flight control board 

manuals suggest only connecting the BEC power wires from one ESC to the flight control board.  A 

board only needs one power source and multiple power and ground wires can cause problems. The easy 

fix for this is to just remove and place heat shrink around all but one ESC power and ground wires. For 

each motor, connect the ESC BEC/Signal connector to its matching flight control board connector.  You 

can see from the picture above that the ESC BEC/Signal wires are brown, red and orange. Brown is the 

ground, red is power, and orange is the signal wire. Many other ESC BEC/Signal wires are black, red, 

and white where black is the ground, red is power and white is the signal wire. as shown in figure (3.18) .   

 

 

                                        Figure 3.10 : ESCs Power Wires connection 
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           Figure 3.11 : Battery Elimination Circuit(BEC) & Signal Connector connection 

 

3.10  Attaching & Connecting the Receiver : 

The connector labels mean the following:   

 CH1 = Aileron   

 CH2 = Elevator   

 CH3 = Throttle   

 CH4 = Rudder   

 CH5 = Auto Level (Aux)   

The pins on the inside are the signals, the middle pins are for power and the outer pins are the grounds. 

The receiver gets its power from the flight control board and only needs one power and ground wire 

connected.  You can see we connected all three pins on the aileron channel with one servo lead to 

provide power to the receiver. Since the other channels only need to carry a signal, I used another servo 

connector to connect the signal pins of the elevator, throttle, rudder , and Aux . as shown in figure (3.12) 

.   
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                              Figure  3.18 : Esc Receiver C 
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CHAPTER 4 

Functions and Operation   

4.1 INTRODUCTION   

This chapter consist of the idea of operation and how its working with the remote controller. The kk 

flight controller board arming and disarming. Math calculation with the motor throttle and its total 

flight time according to it . Software implementation express how the over flight stability acts according  

on it.Precision agriculture refers to the way farmers manage crops to ensure efficiency of inputs such as 

water and fertilizer, and to maximize productivity, quality, and yield. The term also involves minimizing 

pests, unwanted flooding, and disease. Drones allow farmers to constantly monitor crop and livestock 

conditions by air to quickly find problems that would not become apparent in ground-level spot checks. 

For example, a farmer might find through time-lapse drone photography that part of his or her crop is 

not being properly irrigated. 

4.2 Operation : 

To start the operation of the vehicle,we must have to follow the steps below :   

4.2.1 Bind the radio transmitter (TX) and receiver (RX): 

 And to do that we have to switch on the transmitter first and then feed the receiver with power (5 volt ) .  

 4.2.2  Connecting the battery to the vehicle's main cable:   

From this step , the power distribute for the all four ESCs, every ESC have a voltage regulator in its BEC 

cable , so first these BECs feed the flight control board (KK2), and the flight controller then feed the 

receiver with its needed power (5v)  .   

4.2.3 The KK2.1.5  board Operation :  

 It do a multi missions ,it takes signals from on-board gyroscopes (roll, pitch and yaw) and passes these 

signals to the Atmega324PA processor, which in-turn processes signals according the users selected 

firmware ( Quadcopter) and passes the control signals to the installed Electronic  Speed Controllers 

(ESCs) and the combination of these signals instructs  the ESCs to make fine adjustments to the motors 

rotational speeds which in-turn stabilizes the craft.  It also uses signals from your radio system via a  

receiver (Rx) and passes these signals together with stabilisation signals to the Atmega324PA IC via the 

aileron; elevator; throttle and rudder user demand inputs. Once processed, this information is sent to the 

ESCs which in turn adjust the rotational speed of each motor to control flight orientation (up, down, 

backwards, forwards, left, right, yaw).   

4.3 Arming the KK2 board : 
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For arming operation we have to move  the throttle stick on the TX to the max right YAW and minimum 

THROTTLE , the KK2 now in arming mode and ready to get orders and feed the motors . as shown in 

figure (4.1) and figure(4.2) .  4.2.3.2 disarming the KK2 board   

To disarm the KK2 board we have  to move  the throttle stick on the TX to the max left YAW and 

minimum THROTTLE , now the KK2 board return to the safe mode. 

 

                                      Figure 4.1 : Arming the transmitter 

4.4 Spray System 

The original green flat-fan nozzle tips that came with the spray system produced an extreme amount of 

driftable fines in the spray pattern. We used yellow A.I. (air induction) flat-fan tips at low pressure (0.1 

GPM) to produce the droplet size pattern shown in Figure  

2. These nozzles greatly reduced the driftable fines in the spray pattern (Figure 3). Note that the nozzles 

were spaced 40 inches apart on the boom, which is greater than a typical spray system but still gave a 6-

foot uniform application (Figure 2) at an 8-to-10-foot flying height. Note that if you attain a sprayer 

drone and want the application pattern and droplet size tested, LSU AgCenter has the facilities and 

equipment to determine these properties. 

 

Figure 2: Droplet cards spaced every 1 ft. at a 8- to 10-foot flying height yielding a 6 ft. spray pattern (Vmd 0.5 = 467 um; Vmd 

0.1 = 251 um; Vmd 0.9 = 644 um; 0.1 GPM per nozzle; 3.2 gpa) 
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After a few minutes spent on the office computer entering flight and insecticide treatment plans, a click 

of the ‘start’ button on the autonomous crop management programme sets things in motion. The drone 

garage door swings open, there’s a rapid rise in the clearly audible buzz from a hundred propellers and a 

swarm of spraying drones heads off to work as a co-ordinated team to tackle aphids threatening the 

farmer’s crops. The India drone manufacturing market is showing some signs of growth with several 

companies pursuing the industry.  For agricultural spraying multicopters, The Hindu recently reported 

that the Department of Agriculture Machines and Technology of the University of Agricultural Sciences 

had developed a multicopter for spraying pesticides on high and tall crops, particularly horticulture crops 

and paddy that always stand on water-filled fields. The equipment has a global positioning system which 

will help the drone spray pesticide on a particular area or field through satellite signals based on the field 

map provided. 

 

4.5  SOFTWARE DESCRIPTION 
 

 1. ARDUINO :  
 

Arduino is a tool for making computers that can sense and control more of the physical world than your 

desktop computer. It's an open-source physical computing platform based on a simple microcontroller 

board, and a development environment for writing software for the board. Arduino can be used to 

develop interactive objects, taking inputs from a variety of switches or sensors, and controlling a variety 

of lights, motors, and other physical outputs.The Arduino programming language is an implementation 

of Wiring, a similar physical computing platform, which is based on the Processing multimedia 

programming environment.  

 

2. EAGLE( Easily Applicable Graphical Layout Editor) :  
 

16-bit application for Microsoft DOS, with support for OS/2 and Windows added later on. Starting with 

version 4.0, EAGLE was converted to 32-bit. EAGLE version 4.0 also dropped support for DOS and 

OS/2, but was among the first professional electronic CAD tools available for Linux. A 32-bit DPMI 

version of EAGLE 4.0 running under DOS was available on special request in order to help support 

existing customers, but was not released commercially.Starting with version 4.13, EAGLE became 

available for Mac OS X, with versions before 5.0.0 still requiring X11. Version 5.0.0 officially dropped 

support for Windows 9x and Windows NT 3.x/4.x. EAGLE 6.0.0 no longer supports Mac OS X on the 

Power PCplatform (only on Intel Macs), and the minimum requirements have been changed to Mac OS 

X 10.6, Linux 2.6 and Windows XP.On 24 September 2009 Premier Farnell announced the acquisition of 

CadSoft Computer GmbH, developer of EAGLE.[1]EAGLE contains a schematic editor, for designing 

circuit diagrams. Parts can be placed on many sheets and connected together through ports.Free 

maintenance and support. Low cost, easy to use Printed Circuit Board design solution.  

 

3. Multi wii : 
 

Multi Wii is an open source software project aiming to provide the brain of a RC controlled multi rotor 

flying platform. It is compatible with several hardware boards and sensors.It is portable, no installation 

required.MultiWii is a popular flight control software for multi-rotor craft. It performs well on most 

typical copters with minimal tuning and has a number of advanced features such as GPS position hold 

and return to home. MultiWii gets its name from early hardware versions which were built from parts 

scavenged from Nintendo Wii controllers, such as gyroscopes and accelerometers. 

 

 

 

http://dronesonvideo.com/top-india-drone-companies-watch/
http://dronesonvideo.com/top-india-drone-companies-watch/
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CIRCUIT DIAGRAM: 
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CHAPTER 5 

5.1 Benefits of Agricultural drone: 

The use of drones for precision agriculture is gaining momentum because of their capability to deliver 

the most up-to-date info fast and efficiently. The evolution of drone software and its overall affordability 

also account for the increased application of drones. Let’s now explore how drones can be used for 

agriculture, more specifically.  

Estimating soil condition 

Smart farming is data-driven, enabling farmers to take action based on accurate information on soil 

conditions. Extracting this data had previously involved physical visits to the field and gathering metrics 

manually. Equipped with agriculture smart sensors, drones can collect and deliver this data – needless to 

say, they can also do it in a faster and more precise manner.  

Planting future crops 

The soil gets prepared for planting and a drone shoots seeds in it, rather than using outdated planting 

techniques. Using drones for seed planting is relatively new, yet, some companies are experimenting 

with this approach. 

Fighting infections and pests 

Not only can agriculture drones inform farmers on soil conditions using thermal, multispectral and 

hyperspectral technology, they can also detect field areas inflicted by weeds, infections and pests. Based 

on this data, farmers can decide on the exact amounts of chemicals needed to fight infestations, and not 

only help reduce expenses, but also contribute to better field health. 

Agriculture spraying 

Smart farms also use drones for agriculture spraying, which helps limit human contact with fertilizers, 

pesticides and other harmful chemicals. Drones can handle this task faster and more efficiently than 

vehicles and airplanes; they are also a great alternative for farms that still use manual labor. 

Drones are also irreplaceable when it comes to spot treatment. They can detect infected areas with 

sensors and cameras and work on them while leaving the healthy part of the field intact. This not only 

saves time and increases safety, but also helps reduce expenses. 

Crop surveillance 

Agricultural fields occupy large areas, and it’s often nearly impossible to estimate the overall state of 

crops. By using drones for agriculture mapping, farmers can stay updated on the health of plants in a 

particular area and indicate which field areas require attention. 

To estimate the state of crops, drones inspect the field with infrared cameras and determine light 

absorption rates. Based on accurate, real-time info, farmers can take measures to improve the state of 

plants in any location. 
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Livestock monitoring 

In livestock farming, drones can keep an eye on the cattle as it grazes on pastures, reducing the need for 

human workforce on horseback and trucks. Using thermal sensor technology, drones can find lost cattle, 

detect injured or sick animals, and calculate their exact numbers. Admittedly, drones are capable of 

doing a better cattle surveillance job than herding dogs.  

5.2 Conclusion: 

Information technologies provide new possibilities for a lot of problems. Agricultural drones are an 

incredible technology advanced in just a few years. Drones are crucial to farmers because they will no 

longer have to walk around their farms surveying soils, crops and buildings. Farmers, now, have the best 

surveillance and inspection technology for their farms. It’s true to say that farming has become 

technically advanced for commercial farmers who have enormous chunks of land. Perhaps, one day these 

drones will become fully automated and provide farmers with accurate data on the amount of pesticides, 

fungicides or fertilizers to apply on specific areas or crops after a surveillance. It shall be a new dawn for 

farmers. On the flip side, drones have their shortfalls. For example, drones are not completely safe, raise 

privacy concerns and may put countries in serious security risks. Hence, information technology experts 

have their work cut out in ensuring that the next generation of agricultural drones addresses these issues. 

Security measures must be prioritized because extremist groups or other people who want to cause harm 

to the general public may take advantage of the drones. Generally, anything that threatens to derail the 

adoption and the advancement of agricultural drones should be addressed.  

 

5.3 Future scope: 
 

By 2050, the world will need to grow about 70 percent more food to feed the growing world population. 

With likely water shortages and limited available arable land, this is a seriously tall order. Making it 

happen will require some serious science – smart farming. Sometimes referred to as precision 

agriculture, smart farming is a growing body of knowledge and new technology focused on harnessing 

geographical, environmental, and biological data to increase the quantity and quality of agricultural 

foods while reducing the industry’s carbon footprint. 

A vast and varied range of smart farming methods and tools are in development and already in operation 

across the globe, but drones and unmanned aerial vehicles are arguably among the most promising and 

most widely used.If you’re a farmer, you’ll have to make friends with drones. If you’re struggling with 

some apprehension about the whole idea of drones which is common and understandable, the first time 

you pilot one of these amazing machines any apprehension will likely disappear. 

Even more importantly, the concerns you might have about making flying machines part of the farming 

team will grow quite dim given the enormous benefits smart farming drones can bring to an 

operation.For starters, drones are surprisingly affordable, easy to operate, and fit in the palm of your 

hands. Drones offer the same advanced technology which in the past required satellite access or full-

sized aircraft. That’s just the tip of the iceberg. 
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CHAPTER 6 

 

                                                 Figure 6.1 : Quad copter  
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COURSE OUTCOMES AND PROGRAMME OUTCOMES 

Project outcomes mapped with program outcomes: 

CO 1: Use new tools. 

CO 2: work as an individual and in a team 

CO 3: Analyze critically. 

CO 4:Identify and solve problems. 
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PO 
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work as an 
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Analyze 

critically 
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identify and 

solve 

problems 

H H H H H H H H H H H H H H 

MAP WITH HIGH (H), MEDIUM (M), LOW (L) 

Programme Outcomes: 

1.  Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization for the solution of complex engineering 

problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with appropriate 

consideration for public health and safety, and cultural, societal, and environmental 

considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, 

and synthesis of t h e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
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Modern engineering and IT tools, including prediction and modeling to complex 

engineering activities, with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal, and cultural issues and the consequent 

responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, 

and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with the society at large, such as, being able to 

comprehend and write effective reports and design documentation, make effective 

presentations, and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a 

member and leader in a team, to manage projects and in multidisciplinary 

environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological 

change. 

Programme Specific Outcomes(PSO) 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of electrical 

and electronics systems 

 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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                                      ABSTRACT 

 

The main objective is effective transfer of good in specified location from one place 

to another place automatically using trolley. 

Goods exploration rovers are required to (semi-) autonomously navigate itself on rough 

terrain. In such scenario, a feasible path to be followed must be accurately planned, allowing 

the rover to safely traverse without any mobility hazards. A path planning and evaluation 

strategy that explicitly considers dynamic mobility of the rover is presented. The proposed 

strategy consists of the following three steps. To analysis the waypoint from starting and 

destination points, then get the Latitude and Longitude and receive the Latitude(LAT) and 

Longitude(LON) using GPS receiver (Ublox Neo).Another one is to dependent on the 

waypoints to run using raspberry pi and node mcu with help of LAT and LON to reach the 

destination point in straight line with guidance of MPU6050 sensor, if any obstruction near 

the raspberry and node mcu. And also give live location using raspberry pi. Finally, to 

validate the required from starting points to the destination Points in python software ide 3.0.  

 
 

Index Words: Raspberry Pi3, Node mcu, Web, USB Cameras. 
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CHAPTER 1 

INTRODUCTION 

Robotic technology plays vital role in this moving world in a couple of past years.  In 

this robotic world, it is necessary to make trolley such as “Human following trolley which 

interacts and co-exists with them. To perform this task accurately, trolley needs to avoid 

obstacles and also it must be intelligent enough to follow a person in a crowded area, rich 

environment and indoor and outdoor places. 

This represents the human following trolley using a raspberry pi. A trolley is to interact 

and communicate with the person trolley should follow that particular person. To achieve this 

target the goal of our work is to design and fabricate a robot that not only tracks the target but 

also move towards by avoiding obstacles while tracking. To make things simpler, a unique tag 

is placed on the person that should be followed by trolley. A small pi camera continuously 

captures the images of the unique tag and continuously compares it to the original captured 

image. If it is matched, then trolley moves further also it makes its way to proceed further by 

avoiding obstacles by using ultrasonic sensors. Tag plays essential role as per as uniqueness is 

a concern and makes the task easy. The trolley is mechanically designed, and electrical 

components are also used. All processing is carried out using a raspberry pi and node mcu. 

Raspberry Pi is a card sized computer. It functions almost same as a computer. There 

are different types of surveillance systems available such as camera, CCTV etc., In these types 

of surveillance systems, the person who is stationary and is located in that particular area can 

only able to view what is happening in that place. Whereas, here, even if the user is moving 

from one place to another, he/she can keep track of what is happening in that particular place 

at exact time. Also, another advantage is that it offers privacy on both sides since it is being 

viewed by only one person. The other big advantage is that, it is an easy and simple circuit for 

understanding and designing. The operating system used here is Raspbian OS. Raspbian OS 

has to be installed so that the image can be transmitted to the smart phone Closed circuit 

television monitoring system has now become an indispensable device in today’s society. 

Robots have found a drastically increasing demand for different range of work in our life. Their 

use in army and other security sector increases day by day. Our paper includes one such 

instance of how a robot can be of use to human race in general... In this project, we use the 

internet to establish communication between the user and a robotic 
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vehicle. This is a dependable connection and a continuous video feedback is available to control 

the robotic vehicle. Due to the use of the web, there is no limitation on range or distance 

between the user and the robotic vehicle. It is proposed to address the lower side at cost, 

efficient, high-speed processing & control hardware for the self-navigating robotics 

application. Design and Implementation of a Robotic Vehicle with Real-Time Video Feedback 

Control via Internet/web paper illustrate on an approach to control a robotic vehicle using the 

internet as the communication medium between the user and robotic vehicle. Raspbian OS has 

to be installed so that the image and videos can be seen to the smartphone directly. Closed 

circuit television monitoring system has now become an indispensable device in today’s 

society. There are afferent places such as school, supermarkets, society security where we are 

having their own CCTV system for 24/7 monitoring. 

NodeMCU is an open-source firmware and development kit that helps you to prototype or build 

IoT products. It includes firmware that runs on the ESP8266 Wi-Fi SoC from Espressif 

Systems, and hardware which is based on the ESP-12 module. The firmware uses the Lua 

scripting language. Node mcu is open source iot platform it used to control the machines such 

as controlling motors and gps. 

1.1 LITERATURE SURVEY 

This project is to design and build a manually controlled Smart trolley using raspberry 

pi3.The main aim of the project is to transferring of goods from one place to another place semi 

autonomously. In this proposed system, the robot is compact and self-contained with wireless 

transmission of data. This system will help reduce the man power by transferring goods by 

monitoring and control of robot via the internet through Raspberry Pi board and Node mcu. 

The monitoring and controlling of robotic movements are done through the wireless network 

by using a web-based application. 

It can continuously monitor the objects. Robot can move in every direction (left, right, 

forward and backward). It is used for video surveillance and remotely control the particular 

place using Wi-Fi as medium. The webcam which is placed on the robotic unit will capture the 

video and it transmits lively to the remote end. The Raspberry Pi is a credit-card-sized computer 

that plugs into your TV and a keyboard. It is a capable little computer which can be used in 

electronics projects, and for many of the things that your desktop PC does, like spreadsheets, 

word processing, browsing the internet, and playing games. It also plays high- definition video. 

We want to see it being used by adults and children all over the world to
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learn programming and digital making. The proposed security solution hinges on our novel 

integration of camera on raspberry Pi. Raspberry Pi operates and controls video camera for 

surveillance and records video for future playback. The other major advantage is that it is a 

simple circuit where particular operating system has to be installed so that the image can be 

displayed. 

The proposed robotic unit is used for video surveillance of remote place as well as remotely 

control of the unit using Wi-Fi as medium. Raspberry pi serve the purpose of server as well as 

the microprocessor for the system. An embedded web server creates an easy way for monitoring 

& controlling any device which is at remote place. Video is captured through the webcam 

placed on the robotic unit and lively transmitted to the remote end. Controls are provided on 

the console page where one can see the live streaming as well as can control the movement of 

robotic unit. This paper gives an approach towards video surveillance and control using 

advanced processor like raspberry pi. The proposed system can be used in military applications 

just by adding few sensors like infrared sensors so as we can detect the movements. In health 

care applications the proposed system can be used just by changing the design the robotic unit. 

1.2 OVERVIEW 

In this project, we are building a web-controlled surveillance rover using raspberry pi 

and a Node mcu. It has a web camera mounted over it, through which we will get live video 

feed and the interesting part here is  that  we  can  control  and  move  this  robot  from  a  web 

browser over the internet. As it can be controlled using webpage, means it can also be 

controlled using webpage in Mobile. We built a Blynk application which has Left, Right, 

Forward, Backward links, clicking on which we can move the robot in any direction. Here we 

used “Motion” for getting live Video feed from USB camera and used “Flask” for sending 

commands from webpage to Raspberry Pi using python to move the Robot. 

Chapter wise application 

Chapter 2: software (Internet of Things), how it works and the applications. 

Chapter 3: Implementation of the surveillance rover using raspberry pi system. 

Chapter 4: various components required and used in the project. 

Chapter 5: Controlling of a surveillance rover using raspberry pi system. 

Chapter 6: Design and output of a surveillance rover using raspberry pi system
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CHAPTER 2 

SOFTWARE USED 

The Internet of things (IOT) is the extension of Internet connectivity into physical 

devices and everyday objects. Embedded with electronics, Internet connectivity, and other 

forms of hardware (such as sensors), these devices can communicate and interact with others 

over the Internet, and they can be remotely monitored and controlled. 

The definition of the Internet of things has evolved due to convergence of multiple 

technologies, real-time analytics, machine learning, commodity sensors, and embedded 

systems. Traditional fields of embedded systems, wireless  sensor  networks, control  systems, 

automation (including home and building automation), and others all contribute to enabling the 

Internet of things. In the consumer market, IoT technology is most synonymous with products 

pertaining to the concept of the "smart home", covering devices and appliances (such as lighting 

fixtures, thermostats, home security systems and cameras, and other home appliances) that 

support one or more common ecosystems, and can be controlled via devices associated with 

that ecosystem, such as smartphones and smart speakers. 

The   IoT   concept   has    faced    prominent    criticism,    especially    in    regards  to 

privacy and security concerns related to these devices and their intention of pervasive presence. 

Designing for the Internet of Things (IOT) is the designing of connected products. IOT systems 

combine physical and digital components that collect data from physical devices and deliver 

actionable, operational insights. These components include: physical devices, sensors, data 

extraction and secured communication, gateways, cloud servers, analytics, and dashboards. Not 

only should all these components need to be designed, but their interdependencies must also 

be fully accounted for. 

For product and engineering teams designing IOT systems, the  core  challenge  lies  in  taking 

IoT use cases and turning them into a connected system – with full integration, the right IoT 

communication protocols, security, and a user-friendly look and feel. For industrial 

manufacturing, IOT product design is also known as Industry 4.0 design.

https://en.wikipedia.org/wiki/Internet
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Internet_access
https://en.wikipedia.org/wiki/Sensor
https://en.wikipedia.org/wiki/Analytics
https://en.wikipedia.org/wiki/Machine_learning
https://en.wikipedia.org/wiki/Embedded_system
https://en.wikipedia.org/wiki/Embedded_system
https://en.wikipedia.org/wiki/Wireless_sensor_network
https://en.wikipedia.org/wiki/Control_system
https://en.wikipedia.org/wiki/Control_system
https://en.wikipedia.org/wiki/Control_system
https://en.wikipedia.org/wiki/Automation
https://en.wikipedia.org/wiki/Home_automation
https://en.wikipedia.org/wiki/Building_automation
https://en.wikipedia.org/wiki/Smartphone
https://en.wikipedia.org/wiki/Smart_speaker
https://en.wikipedia.org/wiki/Digital_privacy
https://en.wikipedia.org/wiki/Digital_security
https://www.seebo.com/iot-use-cases/
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2.1 Network architecture 

The Internet of things requires huge scalability in the network space to handle the surge 

of devices. IETF 6LoWPAN would be used to connect devices to IP networks. With billions 

of devices being added to the Internet space, IPv6 will play a major role in handling the  

network  layer   scalability.   IETF's   Constrained   Application   Protocol, ZeroMQ,   and 

MQTT would provide lightweight data transport. 

Fog computing is a viable alternative to prevent such large burst of data flow through 

Internet. The edge devices' computation power can be used to analyse and process data, thus 

providing easy real time scalability. 

2.2 Complexity 
In semi-open or closed loops (i.e. value chains, whenever a global finality can be settled) 

the IoT will often be considered and studied as a complex system due to the huge number of 

different links, interactions between autonomous actors, and its capacity to integrate  new  

actors.  At  the  overall  stage  (full  open  loop)  it  will  likely  be  seen  as     a chaotic 

environment (since systems always have finality). As a practical approach, not all elements in 

the Internet of things run in a global, public space. Subsystems are often implemented to 

mitigate the risks of privacy, control and reliability. For example, domestic robotics running 

inside a smart home might only share data within and be available via          a local network. 

Managing and controlling a high dynamic ad hoc IoT things/devices network is a tough task 

with the traditional networks architecture, Software Defined Networking (SDN) provides the 

agile dynamic solution that can cope with the special requirements of the diversity of innovative 

IOT applications. 

2.3 Size considerations 
The Internet of things would encode 50 to 100 trillion objects and be able to follow the 

movement of those objects. Human beings in surveyed urban environments are each 

surrounded by 1000 to 5000 trackable objects. In 2015 there were already 83 million smart 

devices in people's homes. This number is about to grow up to 193 million devices in 2020 and 

will for sure go on growing soon. 

https://en.wikipedia.org/wiki/6LoWPAN
https://en.wikipedia.org/wiki/IPv6
https://en.wikipedia.org/wiki/Constrained_Application_Protocol
https://en.wikipedia.org/wiki/%C3%98MQ
https://en.wikipedia.org/wiki/MQTT
https://en.wikipedia.org/wiki/Fog_computing
https://en.wikipedia.org/wiki/Edge_device
https://en.wikipedia.org/wiki/Complex_system
https://en.wikipedia.org/wiki/Chaos_theory
https://en.wikipedia.org/wiki/Chaos_theory
https://en.wikipedia.org/wiki/System
https://en.wikipedia.org/wiki/Local_area_network
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2.4 Space considerations 
 

In the Internet of things, the precise geographic location of a thing—and the precise 

geographic dimensions of a thing—will be critical. Therefore, facts about a thing, such as its 

location in time and space, have been less critical to track because the person processing the 

information can decide whether or not that information was important to the action being taken, 

and if so, add the missing information (or decide to not take the action). (Note that some things 

in the Internet of things will be sensors, and sensor location is usually  important.) The GeoWeb 

and Digital Earth are promising applications that become possible when things can become 

organized and connected by location. However, the challenges that remain include the 

constraints of variable spatial scales, the need to handle massive amounts of data, and an 

indexing for fast search and neighbour operations. In the Internet of things, if things can take 

actions on their own initiative, this human-centric mediation role is eliminated. Thus, the time-

space context that we as humans take for granted must be given a central role in this information 

ecosystem. Just as standards play a key role in the Internet and the Web, geospatial standards 

will play a key role in the Internet of things. 

2.5 Applications 

       The extensive set of applications for IoT devices is often divided into consumer, 

commercial, industrial, and infrastructure spaces. 

2.5.1 Consumer applications 

A growing portion of IoT devices are created for consumer use, including connected 

vehicles, home automation, wearable technology (as part of Internet of Wearable Things 

(IoWT)), connected health, and appliances with remote monitoring capabilities. 

 

https://en.wikipedia.org/wiki/GeoWeb
https://en.wikipedia.org/wiki/GeoWeb
https://en.wikipedia.org/wiki/Digital_Earth
https://en.wikipedia.org/wiki/Home_automation
https://en.wikipedia.org/wiki/Wearable_technology
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Smart home: IoT devices are a part of the larger concept of home automation, which can 

include lighting, heating and air conditioning, media and security systems. Long term  benefits 

could include energy savings by automatically ensuring lights and electronics are turned off. 

2.5.2 Commercial application 

Medical and healthcare: The Internet of Medical Things (also called the internet of health 

things) is an application of the IoT for medical and health related purposes, data collection and 

analysis for research, and monitoring. This 'Smart Healthcare', as it is also called, led to the 

creation of a digitized healthcare system, connecting available medical resources and 

healthcare services. 

2.5.3 Industrial application 

Manufacturing: The IoT can realize the seamless integration of various manufacturing 

devices equipped with sensing, identification, processing, communication, actuation, and 

networking capabilities. Based on such a highly integrated smart cyber physical space, it opens 

the door to create  whole  new  business  and  market  opportunities  for  manufacturing. 

Network control and management of manufacturing equipment, asset and situation 

management, or manufacturing process control bring the IoT within the realm of industrial 

applications and smart manufacturing as well. The IoT intelligent systems enable rapid 

manufacturing of new products, dynamic response to product demands, and real-time 

optimization of manufacturing production and supply chain networks, by networking 

machinery, sensors and control systems together. 

Agriculture: There are numerous IoT applications in farming such as collecting data on 

temperature, rainfall, humidity, wind speed, pest infestation, and soil content. This data can be 

used to automate farming techniques, take informed decisions to improve quality and quantity, 

minimize risk and waste, and reduce effort required to manage crops. For example, farmers can 

now monitor soil temperature and moisture from air, and even apply IoT- acquired data to 

precision fertilization programs. 

https://en.wikipedia.org/wiki/Reconfigurable_Manufacturing_System
https://en.wikipedia.org/wiki/Asset_management
https://en.wikipedia.org/wiki/Process_control
https://en.wikipedia.org/wiki/Supply_chain_network
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2.5.4 Infrastructure applications 

Monitoring and controlling operations of sustainable urban and rural infrastructures like 

bridges, railway tracks and on- and offshore wind-farms is a key application of the     IoT. The 

IoT infrastructure can be used for monitoring any events or changes in structural conditions 

that can compromise safety and increase risk. The IoT can benefit the construction industry by 

cost saving, time reduction, better quality workday, paperless workflow and increase in 

productivity. It can help in taking faster decisions and save money with Real- Time Data 

Analytics. It can also be used for scheduling repair and maintenance activities in an efficient 

manner, by coordinating tasks between different service providers and users of these facilities. 

IoT devices can also be used to control critical infrastructure like bridges to provide access to 

ships. Usage of IoT devices for monitoring and operating infrastructure is likely to improve 

incident management and emergency response coordination, and quality of service, up-times 

and reduce costs of operation in all infrastructure related areas. Even areas such as waste 

management can benefit from automation and optimization that could be brought in by the IoT. 

IoT systems are typically controlled by event-driven smart apps that take as input either 

sensed data, user inputs, or other external triggers (from the Internet) and command one or 

more actuators towards providing different forms of automation. Examples of sensors include 

smoke detectors, motion sensors, and contact sensors. Examples of actuators include smart 

locks, smart power outlets, and door controls. Popular control platforms on which third-party 

developers can build smart apps that interact wirelessly with these sensors and actuators include 

Samsung's Smart Things, Apple's Home Kit, and Amazon's Alexa, among others. 

A problem specific to IoT systems is that buggy apps, unforeseen bad app interactions, 

or device/communication failures, can cause unsafe and dangerous physical states, e.g., 

"unlock the entrance door when no one is at home" or "turn off the heater when the temperature 

is below 0 degrees Celsius and people are sleeping at night". Detecting flaws that lead to such 

states, requires a holistic view of installed apps, component devices, their configurations, and 

more importantly, how they interact. Recently, researchers from the University of California 

Riverside have proposed IotSan, a novel practical system that uses model checking as a 

building block to reveal "interaction-level" flaws by identifying events that can lead the system 

to unsafe states. They have evaluated IotSan on the Samsung 

https://en.wikipedia.org/wiki/Quality_of_service
https://en.wikipedia.org/wiki/Quality_of_service
https://en.wikipedia.org/wiki/Uptime
https://en.wikipedia.org/wiki/Uptime
https://en.wikipedia.org/wiki/Automation
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SmartThings platform. From 76 manually configured systems, IotSan detects 147 

vulnerabilities (i.e., violations of safe physical states/properties). 

2.6 Why IoT now? 
• Ubiquitous Connectivity 

• Widespread Adoption of IP 

• Computing Economics 

• Miniaturization 

• Advances in Data Analytics 

• Rise of Cloud Computing 
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COMPUTER 

 

CHAPTER 3 

IMPLEMENTATION 

This is the internet of things (IOT) based project, where we are particularly uses the 

Raspberry Pi, USB web camera and two DC motor with Robot chassis to build this Robotic car 

setup. It has a web camera mounted over it, through which we will get live video feed and the 

interesting part here is that we can control and move this robot from a web browser over the 

internet. Node mcu can be run the trolley using blynk application, means it can also be 

controlled by using the other smart devices where we can control through the application. We 

built a blynk application which has Left, Right Forward Backward links, clicking on which we 

can move the robot in any direction. Here we use the term “Motion” for getting live Video 

information from USB camera and used “Flask” for sending commands from webpage to 

Raspberry Pi using python script to move the Robot. The webcam will capture live data with 

regards to its surroundings and then send it to a desired device through internet. The user will 

be observing this data on the monitor at the user end. According to the desired movement, the 

user will control the robotic vehicle through the webpage available at the user end. 

 

 

 

 

 

 

 

 

 

 

INTERNET 
 

 

 

 

 

Fig no 3.1: Flow Chart of working of a raspberry pi 
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Fig no 3.2: Flow Chart of working of a node mcu 
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Fig no 3.3: Block diagram of setup 
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Fig3.4:Circuit diagram 
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4.1 Raspberry Pi 

CHAPTER 4 

REQUIREMENT ANALYSI

 

Raspberry Pi is used for making robot wireless and web based.ge Raspberry Pi and then the 

videos are transmitted wirelessly from the robot to the user’s monitor, from where the user can 

conveniently control the robotic vehicle’s movement and also the robotic arm movement. 

Raspberry pi is connected with the dongle which enables raspberry pi to transmit over the web 

network. Raspberry-Pi Module Raspberry Pi uses an SD card for booting and for memory as it 

doesn’t have an inbuilt hard disk for storage. Raspberry Pi requires 5-volt supply with 

minimum of 700- 1000 mA current and it is powered through micro USB cable. ARM11 only 

requires 3.3 volt of supply which it takes with the help of linear regulator. 5  volt is required 

for the USB ports. It operates at 700M Hz. We use python or embedded C to write code into 

the raspberry pi. It has a strong processing capability due to the ARM11 architecture and Linux-

based system. In terms of interface and control, it has 1 SPI, 1 UART, 1 I2C and 8 GPIO, which 

basically meet the control requirement. There are easy to use open source peripheral driver 

libraries. 

 

Fig no 4.1: Pin Diagram of Raspberry pi 3 
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The Broadcom BCM2835 SoC used in the first generation Raspberry Pi includes a 700 

MHz ARM11 76JZF-S processor, Video Core IV graphics processing unit (GPU), and RAM. 

It has a level 1 (L1) cache of 16 KB and a level 2 (L2) cache of 128 KB. The level 2 cache is 

used primarily by the GPU. The SoC is stacked underneath the RAM chip, so only its edge is 

visible. The 1176JZ(F)-S is the same CPU used in the original iPhone, although at a higher 

clock rate, and mated with a much faster GPU. 

The earlier V1.1 model of the Raspberry Pi 2 used a Broadcom BCM2836 SoC with a 

900 MHz 32-bit, quad-core ARM Cortex-A7 processor, with 256 KB shared L2 cache. The 

Raspberry Pi 2 V1.2 was upgraded to  a  Broadcom  BCM2837  SoC  with  a  1.2 GHz 64-  bit 

quad-core ARM Cortex-A53 processor, the same SoC which is used on the Raspberry     Pi 3, 

but underclocked(by default) to the same 900 MHz CPU clock speed as the V1.1. The 

BCM2836 SoC is no longer in production as of late 2016. 

The Raspberry Pi 3+ uses a Broadcom BCM2837B0 SoC with a 1.4 GHz 64-bit quad- 

core ARM Cortex-A53 processor, with 512 KB shared L2 cache. 

4.1.1 SD CARD 

The SD Card, a lot is packed into the card’s small space. One of the Pi’s greatest space-

saving features is that there’s no real hard drive like in your desktop or laptop; the SD card acts 

like a solid-state drive (SSD). You can change the size of that drive merely by switching SD 

cards, within reason. You must use at least a 2-GB card, and at least 4 GB is recommended if 

you want to add any real software to your drive image. (You do.) Cards up to 32 GB have been 

tested and work, but they are not guaranteed, so be sure you back up  your drive often if you 

decide to go with a bazillion-GB card. 

4.1.2 Power Port 

The power port is merely a 5V micro-USB input, similar to what you see with many 

cell phones or tablets. As a matter of fact, a cell-phone charger is one of the most common 

ways to power your Pi. 

https://en.wikipedia.org/wiki/Broadcom
https://en.wikipedia.org/wiki/Hertz
https://en.wikipedia.org/wiki/ARM11
https://en.wikipedia.org/wiki/VideoCore
https://en.wikipedia.org/wiki/Graphics_processing_unit
https://en.wikipedia.org/wiki/CPU_cache
https://en.wikipedia.org/wiki/Kibibyte
https://en.wikipedia.org/wiki/Level_2_cache
https://en.wikipedia.org/wiki/Level_2_cache
https://en.wikipedia.org/wiki/Package_on_package
https://en.wikipedia.org/wiki/IPhone_(1st_generation)
https://en.wikipedia.org/wiki/Clock_rate
https://en.wikipedia.org/wiki/32-bit
https://en.wikipedia.org/wiki/Quad_Core
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https://en.wikipedia.org/wiki/64-bit_computing
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https://en.wikipedia.org/wiki/ARM_Cortex-A53
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A word of warning, however: The Raspberry Pi has no onboard power regulator! If 

you’re used to using the Arduino, you know that you can safely power it with up to 9V and go 

on your merry way. If you try that with the Pi, you’ll have yourself a nice paperweight. Don’t 

go above 5V— if you’re not sure what your charger puts out, measure it with a multimeter. 

Better yet, all web sites that sell the Pi also sell a variety of chargers guaranteed to work with 

it. Me? I use the old charger that came with my Blackberry Torch. (Yes, I owned a Blackberry. 

Don’t judge me.) In case you were thinking of asking: Yes, you can power the Pi with batteries, 

though performance can get funky as they discharge and power levels drop below 5V. Probably 

the easiest way to do it is to use a 9V battery or a bank of 4 AA batteries and funnel it through 

a voltage regulator, or use a battery pack such as those found in Remote Control cars. I’ll 

discuss that as well in chapters where the project involves a mobile Pi. 

4.1.3 HDMI Port 

The Pi is equipped with an HDMI (High Definition Multimedia Interface) output port, 

and many argue that this is truly where the Pi comes into its own, because it’s able to output 

high-definition 1080p graphics, with 1 gigapixel/second processing power. The onboard GPU 

can do Blu-ray quality playback, using OpenGL and Open VG libraries supplied on-chip. 

4.1.4 The Ethernet and USB Ports 

The Ethernet and USB ports (on the model B board, anyway) are both supplied via the 

onboard LAN9512 chip. According to the 9512’s datasheet, it’s a high-speed USB 2.0 hub with 

a 10/100 Ethernet controller. This little chip is only 8 mm to a side, but it’s capable of 

480 Mbps USB 2.0 speeds and fully-integrated 10BASE-T and 100-BASETX Ethernet 

support. I know this description is a lot of technical gobbledygook, but what it means is that 

almost anything you can plug into your desktop machine can be plugged into your Pi, from 

your router to a webcam to a USB hub to an external hard drive (HDD.) 
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4.1.5 The Audio and RCA Video Jacks 

 
Audio and RCA video jacks are also on the board. The Pi does support sound over its 

HDMI output, but should you want to plug in headphones, it has a standard 3.5-mm audio jack. 

Should you want to use a microphone, most USB mics will work, assuming they’re Linux-

compatible. As for video the Pi doesn’t support VGA output, but the RCA jack sends video to 

any connected RCA video device—useful if you have a pair of self-contained video goggles 

like the MyVu device. 

4.1.6 The GPIO Pins 

Perhaps the most overlooked part of the Pi are the GPIO (General Purpose Input Output) 

pins. These pins allow you to connect the Pi to any number of physical extensions, from LEDs 

and servomotors to motor controllers and extension boards like the large Gertboard, which will 

be introduced and discussed in Chapter 13. With a normal desktop or laptop computer, this 

would require some serious fiddling, either with USB drivers or accessing the (perhaps non-

existent) serial port and doing some serious low-level programming magic. But the Raspberry 

Pi comes with libraries pre-installed that allow you to access the pins using Python, C, or C++. 

Additional libraries also exist if you don’t happen to like the official, preloaded versions. This 

means that you can connect up to eight servos to the Pi right out of the box—enough to control 

a quadruped robot. 

4.1.7 The System on a Chip 

 
The most important piece on the board is the chip in the middle, also referred to as an SoC, 

or System on a Chip. The Pi’s chip is a Broadcom PCM2835 with an  ARM11 processor 

running at 700 MHz and a Videocore4 GPU. The chip can be overclocked to at least 800 MHz 

without a problem; indeed, the latest generation of preloaded SD cards offer an overclocking 

option right from the raspi-config file. The fastest of the pre-sets will take your processor up to 

1 GHz, with an on-demand function available to prevent your chip from overheating. 

According to the Foundation, the result of all that overclocking equals 52-64 percent faster 

operations. 
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4.2 RELAY 

                  A simple electromagnetic relay consists of a coil of wire wrapped around a soft iron    

core (a solenoid), an iron yoke which provides a low reluctance path for magnetic flux, a 

movable iron armature, and one or more sets of contacts (there are two contacts in the relay 

pictured). The armature is hinged to the yoke and mechanically linked to one or more sets of 

moving contacts. The armature is held in place by a spring so that when the relay is de- 

energized there is an air gap in the magnetic circuit. In this condition, one of the two sets of 

contacts in the relay pictured is closed, and the other set is open. Other relays may have more 

or fewer sets of contacts depending on their function. The relay in the picture also has a wire 

connecting the armature to the yoke. This ensures continuity of the circuit between the moving 

contacts on the armature, and the circuit track on the printed circuit board (PCB) via the yoke, 

which is soldered to the PCB. 

When an electric current is passed through the coil it generates a magnetic field that 

activates the armature, and the consequent movement of the movable contact(s) either makes 

or breaks (depending upon construction) a connection with a fixed contact. If the set of contacts 

was closed when the relay was de-energized, then the movement opens the contacts and breaks 

the connection, and vice versa if the contacts were open. When the current to the coil is 

switched off, the armature is returned by a force, approximately half as strong as the magnetic 

force, to its relaxed position. Usually this force is provided by a spring, but gravity is also used 

commonly in industrial motor starters. Most relays are manufactured to operate quickly. In a 

low-voltage application this reduces noise; in a high voltage or current application it reduces 

arcing. 

When the coil is energized with direct current, a diode is often placed across the coil to 

dissipate the energy from the collapsing magnetic field at deactivation, which would otherwise 

generate a voltage spike dangerous to semiconductor circuit components. Such diodes were not 

widely used before the application of transistors as relay drivers, but soon became ubiquitous 

as early germanium transistors were easily destroyed by this surge. Some automotive relays 

include a diode inside the relay case. 

If the relay is driving a large, or especially a reactive load, there may be a similar problem 

of surge currents around the relay output contacts. In this case a snubber circuit (a capacitor 

and resistor in series) across the contacts may absorb the surge. Suitably rated capacitors and 

the associated resistor are sold as a single packaged component for this commonplace use. 
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If the coil is designed to be energized with alternating current (AC), some method is used 

to split the flux into two out-of-phase components which add together, increasing the minimum 

pull on the armature during the AC cycle. Typically, this is done with a small copper "shading 

ring" crimped around a portion of the core that creates the delayed, out-of- phase component, 

which holds the contacts during the zero crossings of the control voltage. 

Contact materials for relays vary by application. Materials with low contact resistance 

may be oxidized by the air, or may tend to "stick" instead of cleanly parting when opening. 

Contact material may be optimized for low electrical resistance, high strength to withstand 

repeated operations, or high capacity to withstand the heat of an arc. Where very low resistance 

is required, or low thermally-induced voltages are desired, gold-plated contacts may be used, 

along with palladium and other non-oxidizing, semi-precious metals. Silver or silver-plated 

contacts are used for signal switching. Mercury-wetted relays make and break circuits using a 

thin, self-renewing film of liquid mercury. For higher-power relays switching many amperes, 

such as motor circuit contactors, contacts are made with a mixtures of silver and cadmium 

oxide, providing low contact resistance and high resistance to the heat of arcing. Contacts used 

in circuits carrying scores or hundreds of amperes may include additional structures for heat 

dissipation and management of the arc produced when interrupting the circuit.[11] Some relays 

have field-replaceable contacts, such as certain machine tool relays; these may be replaced 

when worn out, or changed between normally open and normally closed state, to allow for 

changes in the controlled circuit. 

Fig 4.2: Relay 
 

A B  

MA 

Motor  

MB 

 

OFF OFF - 
 

- STOP 

ON OFF + 
 

- CLOCKWISE 

OFF ON - 
 

+ ANTICLOCKWISE 

ON ON + 
 

+ STOP 

Table 1: Relay direction 

This wiring scheme you'll be able to properly control a DC motor in both directions 

without any risk of short circuit and without spending unnecessary money. 

https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Relay#cite_note-11
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The wiring is quite easy, you only have to connect the power supply plus and minus "at 

the same side" of the two relays. Fast and easy. With this solution you'll have only four possible 

outcomes, which are all safe and that won't damage anything. By the way, the module is also 

optocoupled, therefore the control circuit is two times protected from the power side of the 

device. There's another possible advantage of this solution respect to the transistor H-bridge: if 

you set the two relays in the same state, you'll short circuit the motor's terminal. This short 

circuit allows the circulation of currents that can break the motor thanks to the Lenz's Law. 

This law basically says that if you try to spin a DC motor, you'll cause a variation in the 

magnetic field in which the motor's coils are in, therefore you are creating a potential difference 

at the coil's ends. If this voltage can be "discharged" through a connector it will create a counter-

rotating force that tends to contrast the spinning momentum, so it tries to brake the motor. You 

can easily try this effect with any DC motor. 

 
4.2.1 How to Use the Relay Module 

 

This module is really easy to use. You have to provide 5V to give it power and you 

have to pull to GND voltage the two input pins. You can do that using a microcontroller, a 

PLC, or you can also do that with electromechanical switches. For instance, with a node mcu 

you can use the digital Write function on the digital pin which is connected the input terminal 

on the relay module. Since you have to pull the voltage to ground you have to use digital 

Write(pin, LOW) to activate a relay. 

 

Think about a winch, a hoist, a garage door, a gate or generally about any mechanism, 

operated by a DC motor which that has two movement direction and its proper range of 

movement is well defined (not a fan, which has no limit switches ne need to reverse the 

rotation).With a Node mcu we have all the control we need. Wire your module as per the 

attached image: the end stops must be wired on the NC (normally close) and C (common) 

contacts, the switch must be connected to ground on the central pin and to one side of each end 

stops on the other pins. The remaining two end stops wires must be connected to the two- input 

pin on the module. Now you only have to provide 5V to power up the module and the right 

voltage to power up your motor. You might find interesting this portable variable power supply 

that I’ve described. If you did the wiring properly this device will behave in this way: with the 

Node mcu the central position the motor should brake, no matter of the end stops state. If you 

move the switch the motor should spin in one direction until the related end stop is pressed. 

Once the end stop is pressed the motor goes again in a braking configuration and it will remain 

steady as long as the end stop is pressed or the switch isn't switched to the other side. If you 

move t the other side with the help of blynk application the motor will spin again in the other 

direction until the other end stop is pressed in blynk application 

 

 

 

 

4.3 PERMANENT MAGNET DC MOTORS 
 

In a DC motor, an armature rotates inside a magnetic field. The basic working principle 

of DC motor is based on the fact that whenever a current carrying conductor is placed inside a 

magnetic field, there will be mechanical force experienced by that conductor. 

https://en.wikipedia.org/wiki/Lenz%27s_law
https://www.electrical4u.com/dc-motor-or-direct-current-motor/
https://www.electrical4u.com/magnetic-field/
https://www.electrical4u.com/working-or-operating-principle-of-dc-motor/
https://www.electrical4u.com/working-or-operating-principle-of-dc-motor/
https://www.electrical4u.com/working-or-operating-principle-of-dc-motor/
https://www.electrical4u.com/a-current-carrying-conductor-within-a-magnetic-field/
https://www.electrical4u.com/electrical-conductor/
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All kinds of DC motors work under this principle. Hence for constructing a DC motor, it is 

essential to establish a magnetic field. The magnetic field is established by using a magnet. 

You can use different types of magnets – it may be an electromagnet or it can be a permanent 

magnet. A Permanent Magnet DC motor (or PMDC motor) is a type of DC motor that uses 

a permanent magnet to create the magnetic field required for the operation of a DC motor. 
 

 
FIG4.3: PMDC MOTOR 

 

Have you ever used a battery operated toy? The motor that drives these toys is  nothing 

but a permanent magnet DC motor or PMDC motor. These types of motors are simple in 

construction. They are commonly used as a starter motor in automobiles, windshield wipers, 

washers, for blowers used in heaters and air conditioners, to raise and lower windows – and 

they are extensively used in toys. 

 

 
As the magnetic field strength of a permanent magnet is fixed it cannot be controlled 

externally, field control of this type of DC motor cannot be possible. Thus permanent magnet 

DC motor is used where there is no need to control the speed of the motor (which is usually 

done by controlling the magnetic field). Small fractional and sub-fractional KW motors are 

often constructed using a permanent magnet. 

 
Construction of Permanent Magnet DC Motor or PMDC Motor 

As it is indicated in name of permanent magnet DC motor, the field poles of this motor 

are essentially made of permanent magnet. A PMDC motor mainly consists of two parts. A 

stator and an armature. Here the stator which is a steel cylinder. The magnets are mounted in 

the inner periphery of this cylinder. 
 

 

 

Fig:4.4:construction diagram of pmdc 

https://www.electrical4u.com/construction-of-dc-motor-yoke-poles-armature-field-winding-commutator-brushes-of-dc-motor/
https://www.electrical4u.com/types-of-dc-motor-separately-excited-shunt-series-compound-dc-motor/
https://www.electrical4u.com/battery-working-principle-of-batteries/
https://www.electrical4u.com/electrical-motor-types-classification-and-history-of-motor/
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The permanent magnets are mounted in such a way that the N-pole and S-pole of each 

magnet are alternatively faced towards armature as shown in the figure below. That means, if 

N-pole of one magnet is faced towards armature then S-pole of very next magnet is faced 

towards armature. In addition to holding the magnet on its inner periphery, the steel cylindrical 

stator also serves as low reluctance return path for the magnetic flux. Although field coil is not 

required in permanent magnet DC motor but still it is sometimes found that they are used along 

with permanent magnet. This is because if permanent magnets lose their strength, these lost 

magnetic strengths can be compensated by field excitation through these field coils. Generally, 

rare earth hard magnetic materials are used in these permanent magnet. 

 
 

The rotor of a PMDC motor is similar to other DC motor. The rotor or armature of 

permanent magnet DC motor also consists of core, windings and commutator. Armature core 

is made of number of varnish insulated, slotted circular lamination of steel sheets. 

By fixing these circular steel sheets one by one, a cylindrical shaped slotted armature core is 

formed. The varnish insulated laminated steel sheets are used to reduce eddy current loss in 

armature of permanent magnet DC motor. These slots on the outer periphery of the armature 

core are used for housing armature conductors in them. The armature conductors are connected 

in a suitable manner which gives rise to armature winding. The end terminals of the winding 

are connected to the commutator segments placed on the motor shaft. Like other DC motor, 

carbon or graphite brushes are placed with spring pressure on the commutator segments to 

supply current to the armature. 

 

Working Principle of Permanent Magnet DC Motor or PMDC Motor 

As we said earlier the working principle of PMDC motor is just similar to the general 

working principle of DC motor. That is when a carrying conductor comes inside a magnetic 

field, a mechanical force will be experienced by the conductor and the direction of this force is 

governed by Fleming’s left hand rule. As in a permanent magnet DC motor, the armature is 

placed inside the magnetic field of permanent magnet; the armature rotates in the direction of 

the generated force. Here each conductor of the armature experiences the mechanical force F 

= B.I.L Newton where, B is the magnetic field strength in Tesla (weber / m2), I is the current 

in Ampere flowing through that conductor and L is length of the conductor in metre comes 

under the magnetic field. Each conductor of the armature experiences a force and the 

compilation of those forces produces a torque, which tends to rotate the armature. 

 

Equivalent Circuit of Permanent Magnet DC Motor or PMDC Motor 
 

 
As in PMDC motor the field is produced by permanent magnet, there is no need of 

drawing field coils in the equivalent circuit of permanent magnet DC motor. 

https://www.electrical4u.com/magnetic-flux/
https://www.electrical4u.com/hard-magnetic-materials/
https://www.electrical4u.com/dc-motor-or-direct-current-motor/
https://www.electrical4u.com/armature-winding-pole-pitch-coil-span-commutator-pitch/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/working-or-operating-principle-of-dc-motor/
https://www.electrical4u.com/electrical-conductor/
https://www.electrical4u.com/fleming-left-hand-rule-and-fleming-right-hand-rule/
https://www.electrical4u.com/magnetic-field/
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The supply voltage to the armature will have armature resistance drop and rest of the supply 

voltage is countered by back emf of the motor. Hence voltage equation of the motor is given 

by, 
 
 

 

Where, I is armature current and R is armature resistance of the motor. 

 
Eb is the back emf and V is the supply voltage. 

 

4.4 USB WEB CAM 

 
A webcam is a video camera that feeds or streams its image in real time to or through a 

computer to a computer network. When "captured" by the computer, the video stream may be 

saved, viewed or sent on to other networks travelling through systems such as the internet, and 

e-mailed as an attachment. When sent to a remote location, the video stream may be saved, 

viewed or on sent there. Unlike an IP camera (which connects using Ethernet or Wi- Fi), a 

webcam is generally connected by a USB cable, or similar cable, or built into computer 

hardware, such as laptops. The most popular use of webcams. Other popular uses include 

security surveillance, computer vision, video broadcasting, and for recording social videos. The 

video streams provided by webcams can be used for a number of purposes, each using 

appropriate software. 

Webcams may be installed at places such as childcare centres, offices, shops and private 

areas to monitor security and general activity. Webcams can be used as security cameras. 

Software is available to allow PC-connected cameras to watch for movement and sound, 

recording both when they are detected. These recordings can then be saved to the computer, e-

mailed, or uploaded to the Internet. In one well-publicised case,[7] a computer e- mailed images 

of the burglar during the theft of the computer, enabling the owner to give police a clear picture 

of the burglar's face even after the computer had been stolen. Special software can use the video 

stream from a webcam to assist or enhance a user's control of applications and games. 

 

Fig no 4.5: USB Web Cam 

https://en.wikipedia.org/wiki/Video_camera
https://en.wikipedia.org/wiki/Streaming_media
https://en.wikipedia.org/wiki/Computer
https://en.wikipedia.org/wiki/Computer_network
https://en.wikipedia.org/wiki/IP_camera
https://en.wikipedia.org/wiki/Ethernet
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/USB
https://en.wikipedia.org/wiki/Computer_vision
https://en.wikipedia.org/wiki/Security_camera
https://en.wikipedia.org/wiki/Security_camera
https://en.wikipedia.org/wiki/Security_camera
https://en.wikipedia.org/wiki/Webcam#cite_note-7
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Video features, including faces, shapes, models and colours can be observed and 

tracked to produce a corresponding form of control. For example, the position of a single light 

source can be tracked and used to emulate a mouse pointer, a head-mounted light would enable 

hands-free computing and would greatly improve computer accessibility. This can be applied 

to games, providing additional control, improved interactivity and impressiveness. 

 

4.5 BLYNK APP 

Blynk is a new platform that allows to quickly build interfaces for controlling and 

monitoring hardware projects from iOS and Android device. After downloading the Blynk app, 

one can create a project dashboard and arrange buttons, sliders, graphs, and other widgets onto 

the screen. Using the widgets, you can turn pins on and off or display data from sensors. 

Whatever the project is, there are likely hundreds of tutorials that make the hardware 

part pretty easy, but building the software interface is still difficult. With Blynk, though, the 

software side is even easier than the hardware. Blynk is perfect for interfacing with simple 

projects like monitoring the temperature of your fish tank or turning lights on and off remotely. 

 
 

Fig no 4.6: Schematic diagram of Blynk App Process 

https://en.wikipedia.org/wiki/Hands-free_computing
https://en.wikipedia.org/wiki/Computer_accessibility
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4.6 GPS:  
 

GPS is often used by civilians as a navigation system. On the ground, 

any GPS receiver contains a computer that "triangulates" its own position by getting 

bearings from at least three satellites. The result is provided in the form of a geographic 

position - longitude and latitude - to, for most receivers, within an accuracy of 10 to 100 

meters. Software applications can then use those coordinates to provide driving or walking 

instructions. 

Getting a lock on by the GPS receivers on the ground usually takes some time 

especially where the receiver is in a moving vehicle or in dense urban areas. The initial 

time needed for a GPS lock is usually dependent on how the GPS receiver starts. There 

are three types of start - hot, warm and cold. 

The hot start is when the GPS device remembers its last calculated position and 

the satellites in view, the almanac used (information about all the satellites in the 

constellation), the UTC Time and makes an attempt to lock onto the same satellites and 

calculate a new position based upon the previous information. This is the quickest GPS 

lock but it only works if you are generally in the same location as you were when the GPS 

was last turned off. 

The warm start is when the GPS device remembers its last calculated position, 

almanac used, and UTC Time, but not which satellites were in view. It then performs a 

reset and attempts to obtain the satellite signals and calculates a new position. 

The receiver has a general idea of which satellites to look for because it knows its 

last position and the almanac data helps identify which satellites are visible in the sky. 

This takes longer than a hot start but not as long as a cold start. 

And finally – the cold start is when the GPS device dumps all the information, 

attempts to locate satellites and then calculates a GPS lock. This takes the longest because 

there is no known information. 

The GPS receiver has to attempt to lock onto a satellite signal from any available 

satellites, basically like polling, which takes a lot longer than knowing which satellites to 

look for. This GPS lock takes the longest. 

In an attempt to improve lock times, cell phone manufacturers and operators have 

introduced the Assisted GPS technology, which downloads the current ephemeris for a 

few days ahead via the wireless networks and helps triangulate the general user’s position 

with the cell towers thus allowing the GPS receiver to get a faster lock at the expense of 

several (kilo)bytes. 

Thee Global Positioning System (GPS) is a network of about 30 satellites orbiting 

the Earth at an altitude of 20,000 km. The system was originally developed by the US 

government for military navigation but now anyone with a GPS device, be it a SatNav, 

mobile phone or handheld GPS unit, can receive the radio signals that the satellites 

broadcast. Wherever you are on the planet, at least four GPS satellites are ‘visible’ at any 

time. Each one transmits information about its position and the current time at regular 

intervals. These signals, travelling at the speed of light, are intercepted by 
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your GPS receiver, which calculates how far away each satellite is based on how long it 

took for the messages to arrive. Once it has information on how far away at least three 

satellites are, your GPS receiver can pinpoint your location using a process called 

trilateration. 

 

 

Fig 4.7: gps module 

Interfacing Gps with Node mcu 

GPS stands for Global Positioning System and it is used to find out location, altitude, 

speed, date and time in UTC. In this project we are going to interface a GPS module with 

NodeMCU. A simple local web server is created using NodeMCU and the location details are 

updated in that server webpage. Specialty of this IoT based project is we can check the location 

in Goolge Maps by clicking on the link provided in the web page. You can also open this 

webpage and check the location from anywhere by activate port forwarding in your 

modem/router. 

 
Getting Location Data from GPS: 

 
The Module will transmit data in multiple strings at 9600 Baud Rate. If we use an UART 

terminal with 9600 Baud rate, we will see the data received by GPS.GPS module sends the 

Real time tracking position data in NMEA format (see the screenshot above). NMEA format 

consist several sentences, in which four important sentences are given below. 

▪ $GPGGA: Global Positioning System Fix Data 

▪ $GPGSV: GPS satellites in view 

▪ $GPGSA: GPS DOP and active satellites 

▪ $GPRMC: Recommended minimum specific GPS/Transit data. 

 
 

4.6 ARC WELDING: 
We use the Arc welding for the Hard Ware purpose of our project the welding is also 

called as electric welding Arc welding is a welding process that is used to join metal to metal 

by using electricity to create enough heat to melt metal, and the melted metals when cool result 

in a binding of the metals. It is a type of welding that uses a welding power supply to create an 

electric arc between a metal stick ("electrode") and the base material to melt the metals at the 

point of contact. Arc welders can use either direct (DC) or alternating (AC) current, and 

consumable or non-consumable electrodes. 

https://circuitdigest.com/internet-of-things-iot-projects
https://en.wikipedia.org/wiki/Welding
https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Welding_power_supply
https://en.wikipedia.org/wiki/Electric_arc
https://en.wikipedia.org/wiki/Electrode
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Electrode
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The welding area is usually protected by some type of shielding gas, vapor, or slag. 

Arc welding processes may be manual, semi-automatic, or fully automated. First developed 

in the late part of the 19th century, arc welding became commercially important in 

shipbuilding during the Second World War. Today it remains an important process for the 

fabrication of steel structures and vehicles. 

 
To supply the electrical energy necessary for arc welding processes, a number of 

different  power  supplies   can   be   used.   The   most   common   classification   is   constant 

current power supplies and constant voltage power supplies. In arc welding, the voltage is 

directly related to the length of the arc, and the current is related to the amount of heat input. 

Constant current power supplies are most often used for manual welding processes such as gas 

tungsten arc welding and shielded metal arc welding, because they maintain a relatively 

constant current even as the voltage varies. This is important because in manual welding, it can 

be difficult to hold the electrode perfectly steady, and as a result, the arc length and thus voltage 

tend to fluctuate. Constant voltage power supplies hold the voltage constant and vary the 

current, and as a result, are most often used for automated welding processes such as gas metal 

arc welding, flux cored arc welding, and submerged arc welding. In these processes, arc length 

is kept constant, since any fluctuation in the distance between the wire and the base material is 

quickly rectified by a large change in current. For example, if the wire and the base material 

get too close, the current will rapidly increase, which in turn causes the heat to increase and the 

tip of the wire to melt, returning it to its original separation distance 

https://en.wikipedia.org/wiki/Shielding_gas
https://en.wikipedia.org/wiki/Electrical_current
https://en.wikipedia.org/wiki/Voltage
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CHAPTER 5 

NETWORK IMPLEMENTATION 

Robot consists of a web camera, node mcu with relay and raspberry pi. The real time 

video and control are displayed in the webpage which can be viewed from anywhere in the 

world using internet or within the Wi-Fi range and one can control it using those control 

provided. Setting up the raspberry pi and installation of Operating system from 

raspberrypi.org. Here we are using Raspbian OS. Install the required packages in the pi using 

suitable commands in terminal window and connect the raspi -cam to slot beside the Ethernet 

port. Now design the control page that provides a way to control our robot this page is 

designed HTML and python and write the controlling of the robot code based on the relay 

logic we have used. Connect to a network through on-board Wi-Fi. Once it is connected 

through putty software configure, we got the IP address we can use it for controlling purpose. 

This video surveillance robot is controlling by two possible ways 

•Robot movement can be controlled by wireless remote(with 100m distance). 

• Robot movement control by web browser from anywhere. 

The circuit is divided into transmitter and receiver sections. The transmitter section consists 

of an RF Transmitter, HT12E encoder IC and four push buttons. 

There are four switches relates to HT12-E IC which will be used to control the movement of 

the robot. 

We have connected all address to  ground  on  both  transmitter  and  receiver  side.  Pin 

17 of HT12E is directly connected to the data pin of RF-Tx, so RF-Tx will radiate signal which 

has information of input status. The receiver will collect the signal and decode it. A Raspberry 

Pi required 5V supply which is provided through power bank. The receiver section consists of 

RF Receiver, HT12D Decoder IC. An extra LED is connected to VT (Valid Transmission) pin 

of the decoder IC. This is used to indicate a successful transmission of data. Similarly, a 33 KΩ 

resistor is connected to the oscillator pins of decoder IC. 

As well as we are proving output of HT12D (data pin) to raspberry pi so Raspberry Pi will 

decide the direction of the robot. We have attached two IR sensors with the robot which can 

detect the object if any object detected then the robot will stop and turn right/turn left according 

to distance/position of an object.We have used a Relay motor driving circuit to control the 

motor movement because the output of the node mcu nowhere strong enough to 
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drive dc motor directly. This is a very useful chip. It can control two motors independently. 

The relay has three terminals NO,NC,COM 

 
5.1 Robot controlled from Internet 

In order to control the robot from Internet, we have written a python script which will read 

web link continuously and do necessary movement according to the input received from the 

web link. We are using Blynk application forward, backward, right, left, stop and also for 

controlling camera we are using raspberry pi3. 

 
When the user gives a particular input from the blynk application for the rotation of 

motors Hence, the program is dumped into the relay which will run the program and make 

movement decision according to user input. Node mcu will give output to relay module which 

will be used for controlling direction of motor according to received input from Node mcu. 

Hence when the user clicks on the forward button, the robot will move in the forward 

direction and blynk application will redirect so that user can give another command. Let’s say 

if the user hits the right button, in this case, only one motor (back-left motor) will be enabled 

and the robot will move in the right direction. 

In order to turn on camera user will have to click on Turn On button provided in GUI. 

Once camera gets turned on, user able to see the front view from robot by pressing the camera 

button. The user can see the front view of the camera from anywhere just user need to have 

connected to the internet. We have implemented a python script which turned on camera 

automatically when the object is detected by IR sensor. 

5.2 Steps to run the project 

• Provide supply from power bank to raspberry pi, node mcu. 

• When two node mcu and raspberry pi is connected to the hotspot. 

• With the help of node mcu gps is connected and another node mcu controls the relay 

• Run the trolley by using blynk application commands. 

• When it gets booted up, we get GUI window once get GUI open terminal and execute 

following python script in order to see the live video. 
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• In order to see front view of camera, user has to turn on the camera by pressing Turn On 

button from GUI after that user needs to press camera button. 

• In order to control robot from webpage / internet execute following python script. 

Sudo python raspi.pi 

APPLICATIONS & ADVANTAGES 

5.3 APPLICATIONS 

1. Transferring goods in colleges, show rooms, go downs. 

2. Making video surveillance of any disaster affected area where human beings can’t go. 

3. Field view surveillance of indoor & outdoor commercial complex, factories & 

government buildings/organization. 

5.4 ADVANTAGES 

1. Smart trolley can transfer of goods from one place to another place by semi autonomously. 

2. Smart trolley used for surveillance cameras can be useful in situations where it is difficult 

to lay cables colleges, Industrial plants, etc. 

4.Smart trolley can save the man power. 

5.It is easy to handle. 
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CHAPTER 6 

RESULTS 

 

 

 

 
 

 

Fig no :6.1 Arrangement of a smart trolley using raspberry pi3 
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Fig no :6.2 output schematic arrangement of a smart trolley using raspberry pi3 
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CHAPTER 7 

CONCLUSIONS 

 
7.1 CONCLUSIONS 

we conclude that the Smart Trolley is most certainly a definite necessity for the Retail 

marketing industry to step up their portfolios, clients in colleges etc.., cope up with the 

advancement in technology which save time and manpower. 

 

7.2 FUTURE SCOPE 

There are lots of improvements that can be made on the current design and technology 

and lots of additional feature scan be added. We can use different types of sensor so that we 

can use robot in different field i.e. Temperature Sensor, Pressure Sensor, Heat Sensor, Position 

Sensor, Proximity Sensor. A multipurpose robot can be made by wireless network, ranging 

from surveillance and home security to industrial applications where the user need not be 

present at the work place in person but can do it from his home itself. 
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APPENDIX 

GPS CODE: 

#include <TinyGPS++.h> 

#include <SoftwareSerial.h> 

#define BLYNK_PRINT Serial 

#include <ESP8266WiFi.h> 

#include <BlynkSimpleEsp8266.h> 
 

 

static const int RXPin = 4, TXPin = 5; // GPIO 4=D2(connect Tx of GPS) and GPIO 

5=D1(Connect Rx of GPS 

static const uint32_t GPSBaud = 9600; //if Baud rate 9600 didn't work in your case then use 

4800 

 

 
TinyGPSPlus gps; // The TinyGPS++ object 

WidgetMap myMap(V0); // V0 for virtual pin of Map Widget 

 

 
SoftwareSerial ss(RXPin, TXPin); // The serial connection to the GPS device 

 

 
BlynkTimer timer; 

 

 
float spd; //Variable to store the speed 

float sats; //Variable to store no. of satellites response 

String bearing; //Variable to store orientation or direction of GPS 

 

 
char auth[] = " YanNZnrSOnqeVN_QamI6F5pwhCeVs763"; //authorization token 

char ssid[] = "ASUS_X00TD"; // WiFi credentials. 

char pass[] = "Challenge"; //WiFi pwd 
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//unsigned int move_index; // moving index, to be used later 

unsigned int move_index = 1;  // fixed location for now 

 

 

 
void setup() 

{ 

Serial.begin(115200); 

Serial.println(); 

ss.begin(GPSBaud); 

Blynk.begin(auth, ssid, pass); 

timer.setInterval(5000L, checkGPS); // every 5s check if GPS is connected, only really 

needs to be done once 

} 

 

 
void checkGPS() 

{ 

if (gps.charsProcessed() < 10) 

{ 

Serial.println(F("No GPS detected: check wiring.")); 

Blynk.virtualWrite(V4, "GPS ERROR"); // Value Display widget on V4 if GPS not 

detected 

} 

} 

 

 
void loop() 

{ 

 

 
while (ss.available() > 0) 

{ 

// sketch displays information every time a new sentence is correctly encoded. 
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if (gps.encode(ss.read())) 

displayInfo(); 

} 

Blynk.run(); 

timer.run(); 

} 
 

 

void displayInfo() 

{ 

 

 
if (gps.location.isValid() ) 

{ 

 

 
float latitude = (gps.location.lat()); //Storing the Lat. and Lon. 

float longitude = (gps.location.lng()); 

 

Serial.print("LAT: "); 

Serial.println(latitude, 6); // float to x decimal places 

Serial.print("LONG: "); 

Serial.println(longitude, 6); 

Blynk.virtualWrite(V1, String(latitude, 6)); 

Blynk.virtualWrite(V2, String(longitude, 6)); 

myMap.location(move_index, latitude, longitude, "GPS_Location"); 

spd = gps.speed.kmph(); //get speed 

Blynk.virtualWrite(V4, spd); 

 

sats = gps.satellites.value(); //get number of satellites 

Blynk.virtualWrite(V5, sats); 

 

bearing = TinyGPSPlus::cardinal(gps.course.value()); // get the direction 
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Blynk.virtualWrite(V6, bearing); 
 

 

 

 

} 
 

 

 

 

Serial.println(); 

} 

Relay code: 

#include <SimpleTimer.h> 

#include <ESP8266WiFi.h> 

#include <BlynkSimpleEsp8266.h> 

 
// Blynk auth token 

// FILL IN YOUR DATA! 

char auth[] = " YanNZnrSOnqeVN_QamI6F5pwhCeVs763"; //authorization 

token 

char ssid[] = "ASUS_X00TD"; // WiFi credentials. 

char pass[] = "Challenge"; //WiFi pwd 

//IPAddress ip =IPAddress(192,168,17,110); //IP of local blynk server 

//Ignore if using public blynk cloud 

 
 

//NodeMCU pins 

//static const int RXPin = 4, // the serial connection to GPS. Note that RX, TX 

TXPin = 5, // refer to 'device view' 

 
Motor1aPin = 13, Motor1bPin = 15, //right motor 

Motor2aPin = 12, Motor2bPin = 14;//left motor 

/* Blynk virtual pins: 

* V0: motors on/off switch 

* V1: heartbeat LED 

* V7: joystick (array of two values, range -512 to 512 for each) 
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*/ 

 
 

// timer for updating sensors, sending data to blynk, etc 

SimpleTimer timer; 

 
//bool heartbeat=true; 

//bool stopped=true; //all motors stopped 

 
 

void setup() { 

pinMode(Motor1aPin, OUTPUT); 

pinMode(Motor1bPin, OUTPUT); 

pinMode(Motor2aPin, OUTPUT); 

pinMode(Motor2bPin, OUTPUT); 

digitalWrite(Motor1aPin, HIGH); 

digitalWrite(Motor1bPin, HIGH); 

digitalWrite(Motor2aPin, HIGH); 

digitalWrite(Motor2bPin, HIGH); 

//start blynk 

Blynk.begin(auth, ssid, pass); 

// If using private server: 

// Blynk.begin(auth, ssid, pass, ip); 

timer.setInterval(250L, periodicUpdate); //run function periodicUpdate every 

250ms 

} 

 
 

void loop() { 

timer.run(); 

Blynk.run(); 

} 

 
 

//code to run when receiving change on V0 

BLYNK_WRITE(V3) { 

stopped=param.asInt(); 
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//if stopped, grey out the joystick 

if (stopped) { 

Blynk.setProperty(V7, "color", "#000000"); 

digitalWrite(Motor1aPin, HIGH); 

digitalWrite(Motor1bPin, HIGH); 

digitalWrite(Motor2aPin, HIGH); 

digitalWrite(Motor2bPin, HIGH); 

} else { 

Blynk.setProperty(V7, "color", "#00FF00"); 

} 
 

 

} 

 

 

 
//BLYNK_WRITE(V7) {//joystick input from the app 

int x = param[0].asInt(); //now x,y are between -512 and 512 

int y = param[1].asInt(); 

//make deadzone for turns. 

float powerforward = (y - x) / 512.0; 

float powerreverse = (y + x) / 512.0; 

 
float powerLeft = (y - x) / 512.0; 

float powerRight = (y + x) / 512.0; 

if (!stopped) { 

setMotors(powerLeft, powerRight, powerforward, powerreverse); 

} 

} 
 

 

void periodicUpdate(){ 

//send data to blynk, reads sensors.... 

//pulse the LED 

if (heartbeat) { 

Blynk.virtualWrite(V1, 255); 
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} else { 

Blynk.virtualWrite(V1, 0); 

} 

heartbeat=!heartbeat; 

} 

/* 

* Set motors. Each motor power shoudl be float between -1 and 1 

* If values are outside of this range, both vlaues will be rescaled: 

* e.g., calling setMotors(1.0,2.0) is same as setMotors(0.5, 1.0) 

*/ 

void setMotors(float left, float right,float forward,float reverse) { 

//compute the max of two numbers. Unfortunately, 

//usual max macro doesn't work: https://github.com/esp8266/Arduino/issues/398 

// so we make our own 

float m = abs(left); 

if (abs(right)>m) m=abs(right); 

//rescale if needed 

if (m > 1) { 

left = left / m; 

right = right / m; 

} 

// set left motor. Note that for ESP8266, analogWrite expects parameter to be 0- 

1023: 

// http://esp8266.github.io/Arduino/versions/2.0.0/doc/reference.html#analog- 

output 

// unlike the usual Arduino, whihc expects range of 0-255 

 

 

 
if (forward > 1) 

{ 

digitalWrite(Motor1aPin, LOW); 

digitalWrite(Motor1bPin, HIGH); 

digitalWrite(Motor2aPin, HIGH); 

http://esp8266.github.io/Arduino/versions/2.0.0/doc/reference.html#analog-
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digitalWrite(Motor2bPin, LOW); 

 
 

} else 

if (reverse > 1) 

{ 

digitalWrite(Motor1aPin, HIGH); 

digitalWrite(Motor1bPin, LOW); 

digitalWrite(Motor2aPin, LOW); 

digitalWrite(Motor2bPin, HIGH); 

 
}else 

//right 

if (left > 10) { 

digitalWrite(Motor1aPin, LOW); 

digitalWrite(Motor1bPin, HIGH); 

digitalWrite(Motor2aPin, HIGH); 

digitalWrite(Motor2bPin, HIGH); 

 
} else 

 
 

if (right > -500) { 

digitalWrite(Motor1aPin, HIGH); 

digitalWrite(Motor1bPin, HIGH); 

digitalWrite(Motor2aPin, LOW); 

digitalWrite(Motor2bPin, HIGH); 

 

 

 

}} 
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COURSE OUTCOMES AND PROGRAMME OUTCOMES 

Project outcomes mapped with program outcomes: 

 CO 1:   Use new tools. 

 CO 2:   work as an individual and in a team 

 CO 3:   Analyze critically. 

 CO 4:    identify and solve problems. 

PO / CO 

MAPPING 

PO

1 

PO

2 

PO

3 

PO

4 

PO

5 

P

O

6 

PO

7 

PO

8 

PO

9 

PO

10 

PO11 PO1

2 

PSO

1 

PSO

2 

Use new 

tools 

3 3 3 3 3 3 2 3 3 3 3 3 3 2 

work as an 

individual 

and in a 

team 

3 3 3 3 3 3 3 2 3 3 3 3 3 2 

Analyze 

critically 

3 3 3 3 3 3 3 3 2 3 3 3 3 3 

identify and 

solve 

problems 

3 3 3 3 3 2 3 3 3 3 2 3 3 3 

MAP WITH HIGH (3), MEDIUM (2), LOW (1) 

Programme Outcomes:  

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of t h e information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  
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    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering  

    solutions in societal and environmental contexts, and demonstrate the knowledge of,  

    and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

    norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 

Programme Specific Outcomes(PSO) 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of electrical 

and electronics systems 

 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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ABSTRACT 

 
 

Solar power plants ought to be monitored for optimum power output. This helps 

retrieve economical power output from power plants whereas watching for faulty star panels, 

connections, dirt accumulated on panels lowering output and different such problems moving 

star performance. therefore here we have a tendency to propose machine-driven an automatic 

IOT based mostly solar energy watching system that enables for automated solar energy 

watching from anyplace over the web. we have a tendency to use Arduino based mostly 

system to observe a 10Watt solar array parameters. Our system perpetually monitors the solar 

array and transmits the ability output to the IOT system over the web. Here we have a 

tendency to use IOT lizard to transmit solar energy parameters over the web to the IOT lizard 

server. It currently displays these parameters to the user exploitation a good graphical user 

interface and conjointly alerts users once the output falls below specific limits. This makes 

remotely watching of star plants terribly simple and guarantees the best power output. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

1   

       CHAPTER-1 

 INTRODUCTION 

Solar power plants need to be monitored for optimum power output. This helps retrieve efficient 

power output from power plants while monitoring for faulty solar panels, connections, and dust 

accumulated on panels lowering output and other such issues affecting solar performance. So here 

we propose an automated IOT based solar power monitoring system that allows for automated solar 

power monitoring from anywhere over the internet. We use ATmega controller based system to 

monitor solar panel parameters. Our system constantly monitors the solar panel and transmits the 

power output to IOT system over the internet. Here we use IOT Thingspeak to transmit solar power 

parameters over the internet to IOT Thingspeak server. It now displays these parameters to the user 

using an effective GUI and also alerts user when the output falls below specific limits. This makes 

remotely monitoring of solar plants very easy and ensures best power output. 

 

1.1 LITERATURE SURVEY 

 
[1] Development of an online monitoring and control system for distributed Renewable Energy 

Sources (RES) based on Android platform. This method utilizes the Bluetooth interface of Android 

Tablet of Mobile phone, as a communication link for data exchange with digital hardware of power 

Conditioning Unit. 

 

[2] Introduction to an instant monitoring infrastructure of renewable energy generation system that 

is constituted with a wind turbine on current and voltage measurements of each renewable source 

.The related values are measured with the developed sensing circuits and processed by 18F4450 

microcontroller of Microchip. The processed parameters are then transmitted to personal computer 

(PC) over universal series bus (USB) to be saved in database and to observe the system instantly. 

The Coded visual interface of monitoring software can manage the saved data to analyse daily, 

weekly and monthly values of each measurement separately. 

 

[1] Goto, Yoshihiro, explained about an integrated system that manages and remotely monitors 

telecommunication power plants has been developed and has started operations. The system is used 

to operate and maintain more than 200,000 telecommunication power plants which includes devices 

such as rectifiers, inverters, UPS’s and airconditioning plants  installed in about 8000 buildings. 

Feature of the system are to integrate the management and remote monitoring functions into single 

system and improved user interfaces which uses information and communication technology. 

 

1.2 OVERVIEW 

 
Nowadays, utilities are being stressed for further gigantic energy production. Exponential 

growth of human population and energy consumers in mega cites is witnessed. And thus, energy 

conservation is becoming a major concern worldwide. As a result, energy-monitoring systems are 

evolving as the most effective solution towards optimizing the growing energy demands and 

consumptions. These systems can eliminate the waste in energy, reduce the current usage levels, and 

https://www.sciencedirect.com/topics/engineering/exponential-growth
https://www.sciencedirect.com/topics/engineering/exponential-growth


 

 

2   

better utilize our resources. In this work, we overview and categorize existing energy-monitoring 

approaches in the literature. Enabling technologies including sensors and handheld devices are 

overviewed as well. We spot the light on practical aspects and performability issues. Furthermore, 

we investigate the impact and effectiveness  of these monitoring systems under stress. Critical design 

factors, tuning parameters and real use cases are analyzed and compared in addition to categorizing 

the most common trends in this area. Finally, commonly observed patterns and statistics are 

concluded and reported. 

https://www.sciencedirect.com/topics/computer-science/performability
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CHAPTER – 2 

CIRCUIT DESCRIPTION 

2.1. BLOCK DIAGRAM 
 

 
 

 

Fig. 2.1 Block Diagram 
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2.2. CIRCUIT DIAGRAM 
 

 

 
 

 

Fig. 2.2 Circuit Diagram
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CHAPTER – 3  

COMPONENTS 

3.1. ARDUINO UNO 

 

 
Fig : 3.1 Arduino UNO board 

 
3.1.1 Descrption 

The    Arduino     UNO     is     an    open    source    microcontroller     board     based     on the 

Microchip ATmega328P microcontroller and developed by Arduino.cc. The board is equipped with 

sets of digital and analog input/output (I/O) pins that may be interfaced to various expansion boards 

(shields) and other circuits. The board has 14 Digital pins, 6 Analog pins, and programmable with 

the Arduino IDE (Integrated Development Environment) via a type B USB cable. It can be powered 

by the USB cable or by an external 9-volt battery, though it accepts voltages between 7 and 20 volts. 

It is also similar to the Arduino Nano and Leonardo. The hardware reference design is distributed 

under a Creative Commons Attribution Share-Alike 2.5 license and is available on the Arduino 

website. Layout and production files for some versions of the hardware are also available. 

The word "uno" means  "one"  in Italian and  was  chosen  to  mark  the  initial  release  of  the 

Arduino Software. The Uno board is the first in  a  series  of  USB-based  Arduino  boards, and it 

and version 1.0 of the Arduino IDE were the reference versions of Arduino, now evolved to newer  

releases. The ATmega328  on the board comes preprogrammed with  a bootloader that allows 

https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Expansion_board
https://en.wikipedia.org/wiki/Expansion_board
https://en.wikipedia.org/wiki/Arduino#Software
https://en.wikipedia.org/wiki/USB_cable
https://en.wikipedia.org/wiki/9-volt_battery
https://en.wikipedia.org/wiki/Arduino_Nano
https://en.wikipedia.org/wiki/Creative_Commons
https://en.wikipedia.org/wiki/Creative_Commons
https://en.wiktionary.org/wiki/uno
https://en.wikipedia.org/wiki/Italian_language
https://en.wikipedia.org/wiki/Arduino_Software
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Bootloader
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uploading new code to it without the use of an external hardware programmer. 

While the Uno communicates using the original STK500 protocol, it differs from all preceding 

boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it uses the Atmega16U2 

(Atmega8U2 up to version R2) programmed as a USB-to-serial converter. 

 

 

3.1.2 Background 

The Arduino project started at the Interaction Design Institute Ivrea (IDII) in Ivrea, Italy. At 

that time, the students used a BASIC Stamp microcontroller at a cost of $100, a considerable expense 

for many students.  In  2003  Hernando  Barragán  created  the  development platform Wiring as a 

Master's thesis project at IDII, under the supervision of Massimo Banzi and Casey Reas, who are 

known for work on the Processing language. The project goal was to create simple, low-cost tools 

for creating digital projects by non-engineers. The Wiring platform consisted of a printed circuit 

board (PCB) with an ATmega168 microcontroller, an IDE based on Processing and library functions 

to easily program the  microcontroller. In 2003, Massimo Banzi, with David Mellis, another IDII 

student, and David Cuartielles, added support for the cheaper ATmega8 microcontroller to Wiring. 

But instead of continuing the work on Wiring, they forked the project and renamed it Arduino. Early 

arduino boards used the FTDI USB-to-serial driver chip and an ATmega168. The Uno differed from 

all preceding boards by featuring the ATmega328P microcontroller and an ATmega16U2 

(Atmega8U2 up to version R2) programmed as a USB-to-serial converter. 

 

 

3.1.3 Technical Specifications 

 

• Microcontroller: Microchip ATmega328P 

• Operating Voltage: 5 Volts 

• Input Voltage: 7 to 20 Volts 

• Digital I/O Pins: 14 (of which 6 provide PWM output) 

• Analog Input Pins: 6 

• DC Current per I/O Pin: 20 mA 

• DC Current for 3.3V Pin: 50 mA 

• Flash Memory: 32 KB of which 0.5 KB used by bootloader 

https://en.wikipedia.org/wiki/Usb_to_serial_adapter
https://en.wikipedia.org/wiki/Interaction_Design_Institute_Ivrea
https://en.wikipedia.org/wiki/Ivrea
https://en.wikipedia.org/wiki/BASIC_Stamp
https://en.wikipedia.org/wiki/Wiring_(development_platform)
https://en.wikipedia.org/wiki/Processing_(programming_language)
https://en.wikipedia.org/wiki/Printed_circuit_board
https://en.wikipedia.org/wiki/Printed_circuit_board
https://en.wikipedia.org/wiki/ATmega
https://en.wikipedia.org/wiki/Fork_(software_development)
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/ATmega
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Flash_Memory
https://en.wikipedia.org/wiki/Booting#BOOT-LOADER
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• SRAM: 2 KB 

• EEPROM: 1 KB 

• Clock Speed: 16 MHz 

• Length: 68.6 mm 

• Width: 53.4 mm 

• Weight: 25 g 

3.1.4 General pin functions 

 
• LED: There is a built-in LED driven by digital pin 13. When the pin is high value, the LED 

is on, when the pin is low, it's off. 

• VIN: The input voltage to the Arduino/Genuino board when it's using an external power 

source (as opposed to 5 volts from the USB connection or other regulated power source). 

You can supply voltage through this pin, or, if supplying voltage via the power jack, access 

it through this pin. 

• 5V: This pin outputs a regulated 5V from the regulator on the board. The board can be 

supplied with power either from the DC power jack (7 - 20V), the USB connector (5V), or 

the VIN pin of the board (7-20V). Supplying voltage via the 5V or 3.3V pins bypasses the 

regulator, and can damage the board. 

• 3V3: A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 

mA. 

• GND: Ground pins. 

• IOREF: This pin on the Arduino/Genuino board provides the voltage reference with which 

the microcontroller operates. A properly configured shield can read the IOREF pin voltage 

and select the appropriate power source or enable voltage translators on the outputs to work 

with the 5V or 3.3V. 

• Reset: Typically used to add a reset button to shields which block the one on the board. 

 

3.1.5 Special pin functions 

Each of the 14 digital pins and 6 analog pins on the Uno can be used as an input or output, 

using pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can 

provide or receive 20 mA as recommended operating condition and has an internal pull-up resistor 

(disconnected by default) of 20-50k ohm. A maximum of 40mA is the value that must not be 

exceeded on any I/O pin to avoid permanent damage to the microcontroller. The Uno has 6 analog 

https://en.wikipedia.org/wiki/Static_random-access_memory
https://en.wikipedia.org/wiki/EEPROM
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inputs, labeled A0 through A5, each of which provide 10 bits of resolution (i.e. 1024 different 

values). By default they measure from ground to 5 volts, though is it possible to change the upper 

end of their range using the AREF pin and the analogReference() function. 

In addition, some pins have specialized functions: 
 

• Serial / UART: pins 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial 

data. These pins are connected to the corresponding pins of the ATmega8U2 USB- to-TTL 

serial chip. 

• External interrupts: pins 2 and 3. These pins can be configured to trigger an interrupt on a 

low value, a rising or falling edge, or a change in value. 

• PWM (pulse-width modulation): 3, 5, 6, 9, 10, and 11. Can provide 8-bit PWM output with 

the analogWrite() function. 

• SPI (Serial Peripheral Interface): 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins 

support SPI communication using the SPI library. 

• TWI (two-wire interface) / I²C: A4 or SDA pin and A5 or SCL pin. Support TWI 

communication using the Wire library. 

• AREF (analog reference): Reference voltage for the analog inputs. 

 

 

 
3.1.6 Communication 

The Arduino/Genuino Uno has a number of facilities for communicating with a computer, 

another Arduino/Genuino board, or other microcontrollers. The ATmega328 provides UART TTL 

(5V) serial communication, which is available on digital pins 0 (RX) and 1 (TX). An ATmega16U2 

on the board channels this serial communication over USB and appears as a virtual com port to 

software on the computer. The 16U2 firmware uses the standard USB COM drivers, and no external 

driver is needed. However, on Windows, a .inf file is required. The Arduino Software (IDE) includes 

a serial monitor which allows simple textual data to be sent to and from the board. The RX and TX 

LEDs on the board will flash when data is being transmitted via the USB-to-serial chip and USB 

connection to the computer (but not for serial communication on pins 0 and 1). A SoftwareSerial 

library allows serial communication on any of the Uno's digital pins. 

 

3.1.6.1 Automatic (software) 

  Rather than requiring a physical press of the reset button before an upload, the 

Arduino/Genuino Uno board is designed in a way that allows it to be reset by software running 

on a connected computer. One of the hardware flow control lines (DTR) of the 

ATmega8U2/16U2 is connected to the reset line of the ATmega328 via a 100 nanofarad 

capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the 

chip. 

    This setup has other implications. When the Uno is connected to a computer running Mac 

OS X or Linux, it resets each time a connection is made to it from software (via USB). For the 

following half-second or so, the bootloader is running on the Uno. While it is programmed to 

https://en.wikipedia.org/wiki/UART
https://en.wikipedia.org/wiki/Pulse-width_modulation
https://en.wikipedia.org/wiki/Serial_Peripheral_Interface
https://en.wikipedia.org/wiki/I%C2%B2C


 

 

9   

ignore malformed data (i.e. anything besides an upload of new code), it will intercept the first 

few bytes of data sent to the board after a connection is opened. 

 

3.2. SOLAR PANNEL 

 

Solar energy begins with the sun. Solar panels (also known as "PV panels") are used to convert 

light from the sun, which is composed of particles of energy called "photons", into electricity that 

can be used to power electrical loads. 

 

Solar panels can be used for a wide variety  of  applications  including remote  power  systems 

for cabins, telecommunications equipment, remote sensing, and of course for the production of 

electricity by residential and commercial solar electric systems. 

 

 

 

 
 

Fig : 3.2 Solar panel 

 

 
 

3.2.1. A Short History of Solar Panels 

 
The development of solar energy goes back more than 100 years. In the early days, solar energy 

was used primarily for the production of steam which could then be used to drive machinery. But it 

wasn't until the discovery of the "photovoltaic effect" by Edmond Becquerel that would allow the 

conversion of sunlight solar electric energy. Becquerel's discovery then led to the invention in 1893 

by Charles Fritts of the first genuine solar cell which was formed by coating sheets of selenium with 

a thin layer of gold. And from this humble beginning would arise the device we know today as the 

solar panel. 

Russel Ohl, an American inventor on the payroll of Bell Laboratories, patented the world's first 

silicon solar cell in 1941. Ohl's invention led to the production of the first solar panel in 1954 by the 

same company. Solar panels found their first mainstream use in space satellites. For most people, 

the first solar panel in their life was probably embedded in their new calculator - circa the 1970s! 

Today, solar panels and complete solar panel systems are used to power a wide variety of 

http://chemwiki.ucdavis.edu/Physical_Chemistry/Quantum_Mechanics/02._Fundamental_Concepts_of_Quantum_Mechanics/Photons
https://www.mrsolar.com/solar-panels/
https://www.mrsolar.com/remote-power-systems/
https://www.mrsolar.com/remote-power-systems/
https://www.mrsolar.com/remote-power-systems/
https://www.mrsolar.com/cabin-solar-power-kits/
https://www.mrsolar.com/telecom-solar-power-kits/
https://www.mrsolar.com/
https://www.mrsolar.com/solar-power-system-kits/
https://www.mrsolar.com/what-is-solar-energy/
https://www.mrsolar.com/photovoltaic-effect/
https://en.wikipedia.org/wiki/Edmond_Becquerel
https://en.wikipedia.org/wiki/Edmond_Becquerel
http://en.wikipedia.org/wiki/Charles_Fritts
http://en.wikipedia.org/wiki/Russell_Ohl
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applications. Yes, solar panels in the form of solar cells are still being used in calculators. However, 

they are also being used to provide solar power to entire homes and commercial buildings, such as 

Google's headquarters in California. 

 

3.2.2. Working of Solar panels 

 

 

 
 

Fig 3.3 - Working of Solar panels 

 
Solar panels collect clean renewable energy in the form of sunlight and convert that light into 

electricity which can then be used to provide power for electrical loads. Solar panels are comprised 

of several individual solar cells which are themselves composed of layers of silicon, phosphorous 

(which provides the negative charge), and boron (which provides the positive charge). Solar panels 

absorb the photons and in doing so initiate an electric current. The resulting energy generated from 

photons striking the surface of the solar panel allows electrons to be knocked out of their atomic 

orbits and released into the electric field generated by the solar cells which then pull these free 

electrons into a directional current. This entire process is known as the Photovoltaic Effect. An 

average home has more than enough roof area for the necessary number of solar panels to produce 

enough solar electricrity to supply all of its power needs excess electricity generated goes onto the 

main power grid, paying off in electricity use at night. 

In a well-balanced grid-connected configuration, a solar array generates power during the day 
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that is then used in the home at night. Net metering programs allow solar generator owners to get 

paid if their system produces more power than what is needed in the home. In off-grid solar 

applications, a battery bank, charge controller, and in most cases, an inverter are necessary 

components. The solar array sends direct current (DC) electricity through the charge controller to 

the battery bank. The power is then drawn from the battery bank to the inverter, which converts the 

DC current into alternating current (AC) that can be used for non-DC appliances. Assisted by an 

inverter, solar panel arrays can be sized to meet the most demanding electrical load requirements. 

The AC current can be used to power loads in homes or commercial buildings, recreational vehicles 

and boats, remote cabins, cottages, or homes, remote traffic controls, telecommunications 

equipment, oil and gas flow monitoring, RTU, SCADA, and much more. 

 

3.2.3 Benefits of Solar Panels 

 

Using solar panels is a very practical way to produce electricity for many applications. The 

obvious would have to be off-grid living. Living off-grid means living in a location that is not 

serviced by the main electric utility grid. Remote homes and cabins benefit nicely from solar power 

systems. No longer is it necessary to pay huge fees for the installation of electric utility poles and 

cabling from the nearest main grid access point. A solar electric system is potentially less expensive 

and can provide power for upwards of three decades if properly maintained. 

 

Besides the fact that solar panels make it possible to live off-grid, perhaps the greatest benefit 

that you would enjoy from the use of solar power is that it is both a clean and a renewable source of 

energy. With the advent of global climate change, it has become more important that we do whatever 

we can to reduce the pressure on our atmosphere from the emission of greenhouse gases. Solar panels 

have no moving parts and require little maintenance. They are ruggedly built and last for decades 

when porperly maintained. 

 Last, but not least, of the benefits of solar panels and solar power is that, once a system has 

paid for its initial installation costs, the electricity it produces for the remainder of the system's 

lifespan, which could be as much as 15-20 years depending on the quality of the system, is absolutely 

free! For grid-tie solar power system owners, the benefits begin from  the moment the system comes 

online, potentially eliminating monthy electric bills or, and this is the best part, actually earning the 

system's owner additional income from the electric company. How? If you use less power than your 

solar electric system produces, that excess power can be sold, sometimes at a premium, to your 
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electric utility company! 

There are many other applications and benefits of using solar panels to generate your electricity 

needs - too many to list here. But as you browse our website, you'll gain a good general knowledge 

of just how versatile and convenient solar power can be. 

 

3.2.3 Solar Panels Cost 

Prices for solar panels has decreased substantially in the last couple of years. This is great 

because, combined with the 30$ federal solar Investment Tax Credit and other applicable incentives, 

NOW is the best time ever to invest in a solar power system. And, consider this: a solar power system 

costs about the same as a mid-sized car! 

 

3.3 WIFI MODULE 
 

 

 

 

 
Fig 3.4 Wifi Module 

 

 
The ESP8266 WiFi Module is a self-contained SOC with integrated TCP/IP protocol stack that 

can give any microcontroller access to your WiFi network. The ESP8266 is capable of either hosting 

an application or offloading all Wi-Fi networking functions from another application processor. Each 

ESP8266 module comes pre-programmed with an AT command set firmware, meaning, you can 

simply hook this up to your Arduino device and get about as much WiFi-ability as a WiFi Shield 

offers (and that's just out of the box)! The ESP8266 module is an extremely cost effective board with 

a huge, and ever growing, community. 

This module has a powerful enough on-board processing and storage capability that allows it 

to be integrated with the sensors and other application specific devices through its GPIOs with 
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minimal development up-front and minimal loading during runtime. Its high degree of on-chip 

integration allows for minimal external circuitry, including the front-end module, is designed to 

occupy minimal PCB area. The ESP8266 supports APSD for VoIP applications and Bluetooth co-

existance interfaces, it contains a self-calibrated RF allowing it to work under all operating 

conditions, and requires no external RF parts. 

There is an almost limitless fountain of information available for the ESP8266, all of which has 

been provided by amazing community support. In the Documents section below you will find many 

resources to aid you in using the ESP8266, even instructions on how to transforming this module 

into an IoT (Internet of Things) solution! 

Note: The ESP8266 Module is not capable of 5-3V logic shifting and  will  require  an external Logic 

Level Converter. Please do not power it directly from your 5V dev board. 

 

3.4 VOLTAGE SENSOR 
 

 
 

 
 

Fig 3.5 Voltage Sensor 

 

 
 

A voltage sensor is a sensor is used to calculate and monitor the amount of voltage in an object. 

Voltage sensors can determine both the AC voltage or DC voltage level. The input of this sensor can 

be the voltage whereas the output is the switches, analog voltage signal, a current signal, an audible 

signal, etc. 

Sensors are basically a device which can sense or identify and react to certain types of electrical 

or some optical signals. Implementation of voltage sensor and current sensor techniques have 

become an excellent choice to the conventional current and voltage measurement methods. 

 

https://www.sparkfun.com/products/12009
https://www.sparkfun.com/products/12009
https://www.electrical4u.com/sensor-types-of-sensor/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/sensor-types-of-sensor/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
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3.4.1. Advantages of Voltage Sensors Over Conventional Measuring Techniques 

The advantage of voltage sensors include: 

• Small in weight and size. 

• Personnel safety is high. 

• Degree of accuracy is very high. 

• It is non-saturable. 

• Wide dynamic range. 

• Eco-friendly. 

It is possible to combine both the voltage and current measurement into a single physical device 

with small and compact dimensions. 

 

3.4.2 Types of Voltage Sensors 

In this article, we can discuss in detail about voltage sensor. A voltage sensor can in fact 

determine, monitor and can measure the supply of voltage. It can measure AC level or/and DC 

voltage level. The input to the voltage sensor is the voltage itself and the output can be analog voltage 

signals, switches, audible signals, analog current level, frequency or even frequency modulated 

outputs. 

That is, some voltage sensors can provide sine or pulse trains as output and others can 

produce Amplitude Modulation, Pulse Width Modulation or Frequency Modulation outputs. In 

voltage sensors, the measurement is based on a voltage divider. There are two main types of 

voltage sensors are available- Capacitive type voltage sensor and Resistive type voltage sensor. 

https://www.electrical4u.com/voltage-divider/
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3.4.2. Capacitive Voltage Sensor 

As we know that a capacitor comprises of two conductors or simply two plates and in between 

these plates, a non-conductor is kept. That non-conducting material is termed as dielectric. When an 

AC voltage is provided across these plates, current will start to pass owing to either the attraction or 

the repulsion of electrons by means of the voltage present on the opposite plate. The field among the 

plates will create a complete AC circuit without any hardware connection. This is how a capacitor 

works. 

Next, we can discuss about the voltage division in two capacitors which are in series. Usually 

in series circuits, high voltage will develop across the component which is having high impedance. 

In the case of capacitors, capacitance and impedance (capacitive reactance) are always inversely

 proportional. 

The relation between voltage and capacitance is 

 
 

Q  →  Charge  (Coulomb) 

C  →  Capacitance  (Farad) 

XC →  Capacitive  reactance (Ω) 

f  →  Frequency  (Hertz) 

https://www.electrical4u.com/what-is-capacitor/
https://www.electrical4u.com/electrical-conductor/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/electric-current-and-voltage-division-rule/
https://www.electrical4u.com/what-is-capacitor/
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From the above two relations, we can clearly state that the highest voltage will build up across 

smallest capacitor. The capacitor voltage sensors work based on this simple principle. 

Consider we are holding the sensor in our hand and then placing the tip of it near a live 

conductor. Here, we are inserting the sensing element of high impedance into a series capacitive 

coupling circuit. In this moment, the tip of the sensor is the smallest capacitor which is coupled to 

the live voltage. Thus the whole voltage will develop across the sensing circuit and it can detect 

voltage and indicator like light or buzzer sound is turned on. This is how the non contact voltage 

sensors that you use at home work. 

3.4.3 Resistive Voltage Sensor 

There are two ways in converting the resistance of the sensing element to the voltage. First one 

is the simplest method that is to provide a voltage to the resistor divider circuit comprises of      a      

sensor      and      a      reference      resistor      which      is       represented    below. 

 

 
 

The voltage that is developed across the reference resistor or sensor is buffered and then given    

to    the    ADC.    The    output    voltage    of    the    sensor    can    be    expressed as 

              

 The drawback of this circuit is the amplifier present here will amplify the 

whole voltage developed across the sensor. But, it is better to amplify only the voltage change due 

to the change in resistance of the sensor. This is achieved by the second method implementing the 

resistance bridge which is shown below. 

https://www.electricalknowledge.com/electricians-tools/best-non-contact-voltage-tester/
https://www.electricalknowledge.com/electricians-tools/best-non-contact-voltage-tester/
https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://www.electrical4u.com/types-of-resistor/
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Here, the output voltage is: 

 

When R1 = R, then output voltage becomes approximately 

 

                          

 

A  → Gain  of  Instrumentation Amplifier. 

δ  →  Change  in   the   resistance   of  the   sensor   analogous   to   some  physical   action. In 

this equation, gain have to be set high because only the voltage change due to the change in

 resistance of the  sensor  is being amplified. 

 

3.4.4 Applications of Voltage Sensor 

The application of voltages sensors include: 

3.4.4.1 Power failure detection. 

3.4.4.2 Load sensing. 

3.4.4.3 Safety switching. 

3.4.4.4 Temperature control. 

3.4.4.5 Power demand control. 

3.4.4.6 Fault detection. 

https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
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3.5 CURRENT SENSOR 
 
 

 

Fig 3.6. Current Sensor 

 

 

 
 Current flowing through a conductor causes a voltage drop. The relation between current and 

voltage is given by Ohm’s law. In electronic devices, an increase in the amount of current above its 

requirement leads to overload and can damage the device. 

Measurement of current is necessary for the proper working of devices. Measurement of 

voltage is Passive task and it can be done without affecting the system. Whereas measurement of 

current is an Intrusive task which cannot be detected directly as voltage. 

For measuring current in a circuit, a sensor is required. ACS712 Current Sensor is the sensor 

that can be used to measure and calculate the amount of current applied to the conductor without 

affecting the performance of the system. 

ACS712 Current Sensor is a fully integrated, Hall-effect based linear sensor IC. This IC has a 

2.1kV RMS voltage isolation along with a low resistance current conductor. 

 

3.5.1 Working Principle 

Current Sensor detects the current in a wire or conductor and generates a signal proportional 

to the detected current either in the form of analog voltage or digital output. 

Current Sensing is done in two ways – Direct sensing and Indirect Sensing. In Direct sensing, 

to detect current, Ohm’s law is used to measure the voltage drop occurred in a wire when current 

flows through it. 
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A current-carrying conductor also gives rise to a magnetic field in its surrounding. In Indirect 

Sensing, the current is measured by calculating this magnetic field by applying either Faraday’s law 

or Ampere law. Here either a Transformer or Hall effect sensor or fiberoptic current sensor are used 

to sense the magnetic field. 

 

ACS712 Current Sensor uses Indirect Sensing method to calculate the current. To sense current 

a liner, low-offset Hall sensor circuit is used in this IC. This sensor is located at the surface of the 

IC on a copper conduction path. When current flows through this copper conduction path it generates 

a magnetic field which is sensed by the Hall effect sensor. A voltage proportional to the sensed 

magnetic field is generated by the Hall sensor, which is used to measure current. 

 

The proximity of the magnetic signal to the Hall sensor decides the accuracy of the device. 

Nearer the magnetic signal higher the accuracy. ACS712 Current Sensor is available as a small, 

surface mount SOIC8 package. In this IC current flows from Pin-1 and Pin-2 to Pin-3 and Pin-4. 

This forms the conduction path where the current is sensed. Implementation of this IC is very easy. 

 

ACS712 can be used in applications requiring electrical isolation as the terminals of the 

conduction path are electrically isolated from the IC leads. Thus, this IC doesn’t require any other 

isolation techniques. This IC requires a supply voltage of 5V. Its output voltage is proportional to 

AC or DC current. ACS712 has a nearly zero magnetic hysteresis. 

 

Where Pin-1 to Pin-4 forms the conduction path, Pin-5 is the signal ground pin. Pin-6 is the 

FILTER pin that is used by an external capacitor to set the bandwidth. Pin-7 is the analog output 

pin. Pin-8 is the power supply pin. 

 

3.5.1 Applications of ACS712 Current Sensor 

 

This IC can detect both AC and DC current so, it has a wide range of applications. ACS712 is 

used in Peak detection circuits, circuits to increase gain, rectification application for AtoD 

converters, Overcurrent fault latch, etc…The filter pin provided by this IC is used  to eliminate the 

attenuation effect in resistor divider circuits. 
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ACS712 is used in many industrial, commercial and communication applications. This IC is 

applicable for Automobile applications. Some of the typical applications of this IC can be found in 

motor control circuits, for load detection and management, SMPS, overcurrent fault protection 

circuit. This IC can measure current for high voltage loads operating at 230V AC mains. To read the 

values it can be easily interfaced with the ADC of a microcontroller. 

 

3.6 LCD (Liquid Crystal Display) 
 

 

 

 
 

 

Fig 3.7. LCD 

 

 

 
LCD (Liquid Crystal Display) is a type of flat panel display which uses liquid crystals in its 

primary form of operation. LEDs have a large and varying set of use cases for consumers and 

businesses, as they can be commonly found in smartphones, televisions, computer monitors and 

instrument panels.LCDs were a big leap in terms of the technology they replaced, which include 

light-emitting diode (LED) and gas-plasma displays. LCDs allowed displays to be much thinner than 

cathode ray tube (CRT) technology. LCDs consume much less power than LED and gas-display 

displays because they work on the principle of blocking light rather than emitting it. Where an LED 

emits light, the liquid crystals in an LCD produces an image using a backlight.As LCDs have 

replaced older display technologies, LCDs have begun being replaced by new display technologies 

such as OLEDs. 

 

3.6.1 Working of LCD 

 

A display is made up of millions of pixels. The quality of a display commonly refers to the 
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number of pixels; for example, a 4K display is made up of 3840 x2160 or 4096x2160 pixels. A pixel 

is made up of three subpixels; a red, blue and green—commonly called RGB. When the subpixels 

in a pixel change color combinations, a different color can be produced. With all the pixels on a 

display working together, the display can make millions of different colors. When the pixels are 

rapidly switched on and off, a picture is created. 

 

The way a pixel is controlled is different in each type of display; CRT, LED, LCD and newer 

types of displays all control pixels differently. In short, LCDs are lit by a backlight, and  pixels are 

switched on and off electronically while using liquid crystals to rotate polarized light. A polarizing 

glass filter is placed in front and behind all the pixels, the front filter is placed at 90 degrees. In 

between both filters are the liquid crystals, which can be electronically switched on and off. 

 

LCDs are made with either a passive matrix or an active matrix display grid. The active matrix 

LCD is also known as a thin film transistor (TFT) display. The passive matrix LCD has a grid of 

conductors with pixels located at each intersection in the grid. A current is sent across two conductors 

on the grid to control the light for any pixel. An active matrix has a transistor located at each pixel 

intersection, requiring less current to control the luminance of a pixel. For this reason, the current in 

an active matrix display can be switched on and off more frequently, improving the screen refresh 

time. 

 

Some passive matrix LCD's have dual scanning, meaning that they scan the grid twice with 

current in the same time that it took for one scan in the original technology. However, active matrix 

is still a superior technology out of the two. 

 

3.6.2 Types of LCDs 

 
Types of LCDs include: 

 
Twisted Nematic (TN)- which are inexpensive while having high response times. However, TN 

displays have low contrast ratios, viewing angles and color contrasts. 

 

In Panel Switching displays (IPS Panels)- which boast much better contrast ratios, viewing angles 

and color contrast when compared to TN LCDs. 

 

Vertical Alignment Panels (VA Panels)- which are seen as a medium quality between TN and IPS 

displays. 

 

Advanced Fringe Field Switching (AFFS)- which is a top performer compared IPS displays in color 

reproduction range. 

 

3.6.2 LCD vs OLED vs QLED 

 
LCDs are now being outpaced by other display technologies, but are not completely left in  the past. 
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Steadily, LCDs have been being replaced by OLEDs, or organic light-emitting diodes. 

 

OLEDs use a single glass or plastic panels, compared to LCDs which use two. Because an 

OLED does not need a backlight like an LCD, OLED devices such as televisions are typically much 

thinner, and have much deeper blacks, as each pixel in an OLED display is individually lit. If the 

display is mostly black in an LCD screen, but only a small portion needs to be lit, the whole back 

panel is still lit, leading to light leakage on the front of the display. An OLED screen avoids this, 

along with having better contrast and viewing angles and less power consumption. With a plastic 

panel, an OLED display can be bent and folded over itself and still operate. This can be seen in 

smartphones, such as the controversial Galaxy Fold; or in the iPhone X, which will bend the bottom 

of the display over itself so the display’s ribbon cable can reach in towards the phone, eliminating 

the need for a bottom bezel.However, OLED displays tend to be more expensive and can suffer from 

burn-in, as plasma- based displays do. 

 

QLED stands for quantum light-emitting diode and quantum dot LED. QLED displays were 

developed by Samsung and can be found in newer televisions. QLEDs work most similarly to LCDs, 

and can still be considered as a type of LCD. QLEDs add a layer of quantum dot film to an LCD, 

which increases the color and brightness dramatically compared to other LCDs. The quantum dot 

film is made up of small crystal semi-conductor particles. The crystal semi- conductor particles can 

be controlled for their color output. 

 

When deciding between a QLED and an OLED display, QLEDs have much more brightness 

and aren’t affected by burn-in. However, OLED displays still have a better contrast ratio and deeper 

blacks than QLEDs. 

 

3.7 CONNECTORS AND CABLES 
 

 
 

Fig 3.8. Connectors and Cables 

 

 

 

In information science, connectors, normally called "input-output connectors" (or I/O for short), 
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are interfaces for linking devices by using cables. They generally have a  male end with pins 

protruding from it. This plug is meant to be inserted into a female part (also called a socket), which 

includes holes for accommodating the pins. However, there are "hermaphroditic" plugs which can 

act as either male or female plugs, and can be inserted into either one.The pins and holes in 

connectors are usually linked to the electric wires which form the cable. The pin layout describes 

which pins couple with which wires.Each numbered pin generally corresponds to a wire within the 

cable, but sometimes one of the pins is left unused. Additionally, in some cases, two pins may be 

linked to one another; this is called a "bridge." 

 

3.7.2 Input/output connectors 

The computer's motherboard has a certain number of input-ouput connectors located on the "rear 

panel." 

Connectors on the rear panel 

Most motherboards have the following connectors: 

Serial port, which uses a DB9 connector, for connecting older devices; 

Parallel port, which uses a DB25 connector, mainly for connecting old printers; 

USB ports (1.1, low-speed, or 2.0, high-speed), for connecting more recent peripherals; 

RJ45 connector (called the LAN port or Ethernet port), for connecting the computer to a network. 

It interfaces with a network card built into the motheboard; 

VGA connector (called SUB-D15), used for hooking up a monitor. This connector interfaces 

with the built-in graphics card; 

Jacks (Line-In, Line-Out and microphone), for connecting speakers or a hi-fi sound system, as 

well as a microphone. This connector interfaces with the built-in sound card. 

 

3.8 DIODE 
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Fig 3.9. Diode 

A diode is defined as a two-terminal electronic component that only conducts current in one 

direction (so long as it is operated within a specified voltage level). An ideal diode will have zero 

resistance in one direction, and infinite resistance in the reverse direction. 

 

Although in the real world, diodes can not achieve zero or infinite resistance. Instead, a diode 

will have negligible resistance in one direction (to allow current flow), and a very high resistance in 

the reverse direction (to prevent current flow). A diode is effectively like a valve for an electrical 

circuit. 

Semiconductor diodes are the most common type of diode. These diodes begin conducting 

electricity only if a certain threshold voltage is present in the forward direction (i.e. the “low 

resistance” direction). The diode is said to be “forward biased” when conducting current in this 

direction. When connected within a circuit in the reverse direction (i.e. the “high resistance” 

direction), the diode is said to be “reverse biased”. 

 

A diode only blocks current in the reverse direction (i.e. when it is reverse biased) while the 

reverse voltage is within a specified range. Above this range, the reverse barrier breaks. The voltage 

at which this breakdown occurs is called the “reverse breakdown voltage”. When the voltage of the 

circuit is higher than the reverse breakdown voltage, the diode is able to conduct electricity in the 

reverse direction (i.e. the “high resistance” direction). This is why in practice we say diodes have a 

high resistance in the reverse direction – not an infinite resistance. 

 

A PN junction is the simplest form of the semiconductor diode. In ideal conditions, this PN 

junction behaves as a short circuit when it is forward biased, and as an open circuit when it is in the 

reverse biased. The name diode is derived from “di–ode” which means a device that has two 

electrodes. Diodes are commonly used in many electronics projects and are included in many of the 

best Arduino starter kits. 

 

3.8.2  Diode Symbol 

The symbol of a diode is shown below. The arrowhead points in the direction of conventional 

current flow in the forward biased condition. That means the anode is connected to the p side and 

the cathode is connected to the n side. 

 



 

 

25   

3.8.3 Diode Symbol 

 

 

 

Fig 3.10. Symbol of Diode 

 

We can create a simple PN junction diode by doping pentavalent or donor impurity in one 

portion and trivalent or acceptor impurity in other portion of silicon or germanium crystal block. 

These dopings make a PN junction at the middle part of the block. We can also form a PN junction 

by joining a p-type and n-type semiconductor together with a special fabrication technique. The 

terminal connected to the p-type is the anode. The terminal connected to the n-type side is the 

cathode. 

 

3.8.4 Working Principle of Diode 

 

A diode’s working principle depends on the interaction of n-type and p-type semiconductors. 

An n-type semiconductor has plenty of free electrons and a very few numbers of holes. In other 

words, we can say that the concentration of free electrons is high and that of holes is very low in an 

n-type semiconductor. Free electrons in the n-type semiconductor are referred as majority charge 

carriers, and holes in the n-type semiconductor are referred to as minority charge carriers. 

 

A p-type semiconductor has a high concentration of holes and a low concentration of free 

electrons. Holes in the p-type semiconductor are majority charge carriers, and free electrons in the 

p-type semiconductor are minority charge carriers. 

 

3.8.5 Unbiased Diode 

When one n-type region and one p-type region come in contact due to concentration 

differences, majority carriers diffuse from one side to another. As the concentration of holes is high 

in the p-type region and it is low in the n-type region, the holes start diffusing  from the p-type region 
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to the n-type region. 

 

Again the concentration of free electrons is high in the n-type region and it is low in the p- 

type region and due to this reason, free electrons start diffusing from the n-type region to the p-type 

region. 

 

The free electrons diffusing into the p-type region from the n-type region would recombine 

with holes available there and create uncovered negative ions in the p-type region. In the same way, 

the holes diffusing into the n-type region from the p-type region would recombine with free electrons 

available there and create uncovered positive ions in the n-type region. 

 

In this way, there would a layer of negative ions in the p-type side and a layer of positive ions 

in the n-type region appear along the junction line of these two types of semiconductors. The layers 

of uncovered positive ions and uncovered negative ions form a region in the middle of the diode 

where no charge carrier exists since all the charge carriers get recombined here in this region. Due 

to the lack of charge carriers, this region is called the depletion region. 

 

After the formation of the depletion region, there is no more diffusion of charge carriers from 

one side to another in the diode. This is due to the electric field appeared across the depletion region 

will prevent further migration of charge carriers from one side to another. 

The potential of the layer of uncovered positive ions in the n-type side would repeal the holes 

in the p-type side and the potential of the layer of uncovered negative ions in the p-type side would 

repeal the free electrons in the n-type side. That means a potential barrier is created across the 

junction to prevent further diffusion of charge carriers. 

 

3.8.5.1 Forward Biased Diode 

 

If a positive terminal of a source is connected to the p-type side and the negative terminal of 

the source is connected to the n-type side of the diode and if we increase the voltage of this source 

slowly from zero. 

 

In the beginning, there is no current flowing through the diode. This is because although there 

is an external electrical field applied across the diode, the majority charge carriers still do not get 
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sufficient influence of the external field to cross the depletion region. As we told that the depletion 

region acts as a potential barrier against the majority charge carriers.This potential barrier is called 

forward potential barrier. The majority charge carriers start crossing the forward potential barrier 

only when the value of externally applied voltage across the  junction is more than the potential of 

the forward barrier. For silicon diodes, the forward barrier potential is 0.7 volt and for germanium 

diodes, it is 0.3 volt.When the externally applied forward voltage across the diode becomes more 

than the forward barrier potential, the free majority charge carriers start crossing the barrier and 

contribute the forward diode current. In that situation, the diode would behave as a short-circuited 

path and the forward current gets limited by only externally connected resistors to the diode. 

 

3.8.5.2 Reverse Biased Diode 

Now let us see what happens if we connect the negative terminal of the voltage source to the 

p-type side and positive terminal of the voltage source to the n-type side of the diode. At that 

condition, due to electrostatic attraction of the negative potential of the source, the holes in the p-

type region would be shifted more away from the junction leaving more uncovered negative ions at 

the junction. 

 

In the same way, the free electrons in the n-type region would be shifted more away from the 

junction towards the positive terminal of the voltage source leaving more uncovered positive ions in 

the junction. As a result of this phenomenon, the depletion region becomes wider. This condition of 

a diode is called the reverse biased condition. At that condition, no majority carriers cross the 

junction, and they instead move away from the junction. In this way, a diode blocks the flow of 

current when it is reverse biased. 

 

 There will be always some free electrons in the p-type semiconductor and some holes in the 

n-type semiconductor. These opposite charge carriers in a semiconductor are called minority charge 

carriers. In the reverse biased condition, the holes find themselves in the n-type side would easily 

cross the reverse-biased depletion region as the field across the depletion region does not present 

rather it helps minority charge carriers to cross the depletion region. 

 

As a result, there is a tiny current flowing through the diode from positive to the negative side. 

The amplitude of this current is very small as the number of minority charge carriers in the diode is 

very small. This current is called reverse saturation current. 
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If the reverse voltage across a diode gets increased beyond a safe value, due to higher 

electrostatic force and due to higher kinetic energy of minority charge carriers colliding with atoms, 

a number of covalent bonds get broken to contribute a huge number of free electron- hole pairs in 

the diode and the process is cumulative. 

 

The huge number of such generated charge carriers would contribute a huge reverse current in 

the diode. If this current is not limited by an external resistance connected to the diode circuit, the 

diode may permanently be destroyed. 

 
3.9. PCB 

 

 

 

 

 
Fig 3.11 PCB 

 

 

 

A printed     circuit     board (PCB)     mechanically     supports      and      electrically connects 

electrical or electronic components using conductive tracks, pads  and  other features etched from 

one or more sheet layers of copper laminated onto and/or between sheet layers of a non-conductive 

substrate. Components are generally soldered onto the PCB to both electrically connect and 

mechanically fasten them to it. 

 

Printed circuit boards are used in all but the simplest electronic products. They are also used in 

some electrical products, such as passive switch boxes. 

Alternatives to PCBs include wire wrap and point-to-point construction, both once popular but 

now rarely used. PCBs require additional design effort to lay out the circuit, but manufacturing and 

assembly can be automated. Electronic computer-aided design software is available to do much of 

https://en.wikipedia.org/wiki/Electrical
https://en.wikipedia.org/wiki/Electronic_components
https://en.wikipedia.org/wiki/Electrical_conductor
https://en.wikipedia.org/wiki/Industrial_etching
https://en.wikipedia.org/wiki/Laminated
https://en.wikipedia.org/wiki/Insulator_(electricity)
https://en.wikipedia.org/wiki/Insulator_(electricity)
https://en.wikipedia.org/wiki/Soldering
https://en.wikipedia.org/wiki/Wire_wrap
https://en.wikipedia.org/wiki/Point-to-point_construction
https://en.wikipedia.org/wiki/Electronic_computer-aided_design
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the work of layout. Mass-producing circuits with PCBs is cheaper and faster than with other wiring 

methods, as components are mounted and wired in one operation. Large numbers of PCBs can be 

fabricated at the same time, and the layout only has to be done once. PCBs can also be made manually 

in small quantities, with reduced benefits. 

PCBs can be single-sided (one copper layer), double-sided (two copper layers on both sides of 

one substrate layer), or multi-layer (outer and inner layers of copper, alternating  with layers of 

substrate). Multi-layer PCBs allow for much higher component density, because circuit traces on the 

inner layers would otherwise take up surface space between components. The rise in popularity of 

multilayer PCBs with more than two, and especially with more than four, copper planes was 

concurrent with the adoption of surface mount technology. However, multilayer PCBs make repair, 

analysis, and field modification of circuits much more difficult and usually impractical. 

 

 

3.10. IC SOCKET 

 

 

 

 

Fig 3.12 IC Socket 

 

 

IC sockets  (integrated  circuit  sockets)  act  as  static  connectors  between integrated  circuits (ICs) 

and printed circuit boards (PCBs). IC Sockets are used for two primary reasons: 

 

1. IC sockets prevent damage to ICs caused by soldering IC chips directly to the circuit board. 

Instead, the more durable IC sockets are soldered to the board and the chip is simply inserted 

into the socket. 

2. IC sockets allow ICs to be inserted and removed easily. This means damaged IC chips can be 

https://en.wikipedia.org/wiki/Surface_mount_technology
https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Integrated_circuit
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replaced with relative ease without damaging the PCB. 

 

 

 

3.10.1 IC Socket Styles 

IC sockets are manufactured in a variety styles but perhaps the most common style is dual-in- 

line (DIL). Dual-in-line sockets feature two rows of sockets separated and aligned by a rectangular 

thermoplastic insulator. Other IC configurations include press-fit IC sockets and right angle mount 

IC sockets. 

3.10.1. IC Socket Applications 

 

IC sockets are utilized in nearly any application that uses an integrated circuit. This means that 

the vast majority of electronic devices could or do utilize IC sockets. 

3.10.2. Top IC Socket Manufacturers 

 

➢ Mill-Max 

➢ 3M 

➢ Assmann WSW Components 

➢ Advanced Interconnections 

➢ TE Connectivity 

https://www.biscoind.com/MillMax-Sockets
https://www.biscoind.com/AdvancedInterconnections
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CHAPTER – 4 

CIRCUIT OPERATION 

4.1. WORKING 

 
The sensors is used to sense the real time status of the solar panel, that is it senses the current 

using the current sensor. The dc motor rotates the solar panel using the dc servo motor depending 

upon the LDR, so that solar panel receives maximum sunlight at each instant. The relay acts as the 

driver for the motor. The controller is connected to the sensor , LDR and the relay .The analog signal 

from the sensor and the LDR act as input to the controller and the output signal is given to the relay 

based on LDR’s input and the solar panel parameters like voltage and power generated which are 

calculated from current signal from the sensor are displayed on the LCD. 

 

The controller is interfaced with the cloud server using the wifi module, therefore the solar 

panel parameters like voltage, current and power generated are uploaded to the server. So the solar 

panel’s real time status can be viewed remotely. Moreover the parameters of the panel are stored in 

the server each hour and each day so that it can be compared and analysed. 

 

Internet of Things (IoT) platform integrates data from the different solar panels and applies 

analytics to share the most valuable information with applications built to address specific needs 

These powerful IoT platforms such as Thingspeak, Microsoft Azure and Google cloud platform etc 

can pinpoint exactly what information is useful and what can safely be ignored. This information 

can be used to detect faults, make recommendations, and detect possible problems before they occur. 

The information picked up by connected sensors enables to make smart decisions based on real-time 

information, which helps save time and money 

 

 

 
4.1.1 Software Specifications 

 
Normal C language 

Code : 

#include <LiquidCrystal.h> 

LiquidCrystal lcd(7, 6, 5, 4, 3, 2); 
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void setup() 

{ 

Serial.begin(9600); //Start Serial Monitor to display current read value on Serial monitor 

lcd.begin(16, 2); 

lcd.setCursor(0, 0); 
 

lcd.print(" SOLAR PANEL "); 

lcd.setCursor(0, 1); 

lcd.print("POWER MEASUREMNT"); 

delay(2000); 

lcd.setCursor(0, 0); 

lcd.print("CURRENT:  "); 

lcd.setCursor(0, 1); 

lcd.print("POWER: "); 

} 
 

void loop() { 

unsigned int x=0; 

float AcsValue=0.0,Samples=0.0,AvgAcs=0.0,AcsValueF=0.0; 

 

for (int x = 0; x < 150; x++){ //Get 150 samples 

AcsValue = analogRead(A0); //Read current sensor values 

Samples = Samples + AcsValue; //Add samples together 

delay (3); // let ADC settle before next sample 3ms 

} 

AvgAcs=Samples/150.0;//Taking Average of Samples 

 
//((AvgAcs * (5.0 / 1024.0)) is converitng the read voltage in 0-5 volts 

//2.5 is offset(I assumed that arduino is working on 5v so the viout at no current comes 

//out to be 2.5 which is out offset. If your arduino is working on different voltage than 

//you must change the offset according to the input voltage) 

//0.066v(66mV) is rise in output voltage when 1A current flows at input 

AcsValueF = (2.5 - (AvgAcs * (5.0 / 1024.0)) )/0.066; 

 
Serial.println(AcsValueF);//Print the read current on Serial monitor 

delay(50); 

lcd.setCursor(7, 0); 

lcd.print(AcsValueF);lcd.print("A "); 

lcd.setCursor(6, 1); 

lcd.print(AcsValueF*12);lcd.print("W "); 

} 
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4.2 ADVANTAGES 

 
Long life: the LEDs can provide 50000 hours or more of life, which can reduce maintenance costs 

(in comparison, an incandescent light bulb lasts approximately 1000 hours). 

 

Energy savings: white LED-based lighting systems provide three or more times the luminous 

efficacy (lumens/watt) of incandescent lamps. Colored LEDs are especially advantageous for 

colored lighting applications because optical filters are not needed. 

 

Emitted light with better quality: LEDs have minimum ultraviolet and infrared radiation and its 

light can be tuned to any color appearance. Intrinsically safe: LED-based systems are fed at low 

voltage (few tens of Volt) and generally are cool to the touch (compared to traditional lamps). 

Smaller, flexible light fixtures: the small size of LEDs makes them useful for lighting tight spaces. 

OLEDs are flat and flexible, allowing for unique applications. 

 

Durable: LEDs have no filament to break and can withstand vibrations. 

 

 

 

4.3 APPLICATIONS 

 

➢ loT utilizes computing facilities and software systems for information processing 

and knowledge digging. 

➢ Using loT Human to Machine and Machine to Machine information exchange and 

seamless linkage of information flows can be achieved. 

➢ Using loT real-time control ,accurate management and intelligent decision-making 

of the physical world can be made. 
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CHAPTER – 5 

RESULTS 

 

 

 

 

Fig. 5.1 Working model of IOT based solar power monitoring system 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

* 
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CHAPTER – 6 

CONCLUSIONS 

6.1 CONCLUSION 

 
As this system keeps continues track of solar power plant ,the daily weekly and monthly 

analysis becomes easy and efficient also with the help of this analysis it is possible to detect any fault 

occurred within power plant as the generated power may show some inconsistency in data of Solar 

power plant. 

 

The proposed system stores the data from the solar photovoltaic system continuously, so it 

keeps track of the solar photovoltaic system and daily or monthly analysis becomes easy and 

efficient. Using the analysis it is possible to detect any fault occurring in the system as there would 

be inconsistency in the data generated by the system. By solar tracking the solar panel is operated at 

its maximum efficiency all day. 

 

 

6.2 FUTURE SCOPE 

 

Since the system requires external power supply of 5 volts and 3.3 volts for its operation which 

can be taken rid of by utilising the power generated by solar panel only. Also with the help of motor 

and controlling it is possible to track the sun for better power generation. Apart from that by using 

various Machine Learning algorithms and model it is possible to make system smart enough to take 

decision about data and performance. 

 

The controller requires an external supply to work but using the power generated from solar 

panel itself the controller’s input power supply can be met. For very large solar panel dual axis solar 

panel tracking can be done. By analysing the data it is possible to predict the future values of 

parameters. Artificial intelligence can be implemented using various machine learning algorithms 

so that the system can become smart enough to take decisions about data and performance.
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PROJECT PROFORMA 

 

 

Classification of Project 

 

Application Product Research Review 

 ✓   

Note: Tick Appropriate category.  

 

Project Outcomes 

Outcome 1 Use new tools. 

Outcome 2 Work as an individual and in a team 

Outcome 3 Analyze critically. 

Outcome 4 Identify and solve problems. 

 

Mapping Table 

Project 

Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 

Outcome 1 2 1 2 1 3 3 2 2 3 2 2 1 2 2 

Outcome 2 1 1 1 1 1 3 1 1 1 3 2 

 

1 2 2 

Outcome 3 2 2 2 2 2 3 2 2 2 2 2 2 2 2 

Outcome 4 2 2 2 2 2 3 2 2 2 2 2 2 3 3 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    

  on level of mapping as follows: 

1-Slightly (Low) mapped   2-Moderately (Medium) mapped    3-Substantially (High) mapped 

 
Programme Outcomes: 

 
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization for the solution of complex engineering 

problems. 

 

2. Problem analysis: Identify, formulate, research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

 

3. Design/development of solutions: Design solutions for complex engineering problems 
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and design system components or processes that meet the specified needs with appropriate 

consideration for public health and safety, and cultural, societal, and environmental 

considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, 

and synthesis of the information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

Modern engineering and IT tools, including prediction and modeling to complex 

engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal, and cultural issues and the consequent 

responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, 

and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with the society at large, such as, being able to 

comprehend and write effective reports and design documentation, make effective 

presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a 

member and leader in a team, to manage projects and in multidisciplinary 

environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological 

change. 

 

 

Programme Specific Outcomes (PSO) 
 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 
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ABSTRACT 

 

Solar power plants ought to be monitored for optimum power output. This 

helps retrieve economical power output from power plants whereas watching for 

faulty star panels, connections, dirt accumulated on panels lowering output and 

different such problems moving star performance. therefore here we have a 

tendency to propose machine-driven an automatic IOT based mostly solar energy 

watching system that enables for automated solar energy watching from anyplace 

over the web. we have a tendency to use Arduino based mostly system to observe a 

10Watt solar array parameters. Our system perpetually monitors the solar array and 

transmits the ability output to the IOT system over the web. Here we have a 

tendency to use IOT lizard to transmit solar energy parameters over the web to the 

IOT lizard server. It currently displays these parameters to the user exploitation a 

good graphical user interface and conjointly alerts users once the output falls below 

specific limits. This makes remotely watching of star plants terribly simple and 

guarantees the best power output. 
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CHAPTER-1 

INTRODUCTION 

Solar power plants need to be monitored for optimum power output. This helps retrieve 

efficient power output from power plants while monitoring for faulty solar panels, 

connections, and dust accumulated on panels lowering output and other such issues affecting 

solar performance. So here we propose an automated IOT based solar power monitoring 

system that allows for automated solar power monitoring from anywhere over the internet. 

We use ATmega controller based system to monitor solar panel parameters. Our system 

constantly monitors the solar panel and transmits the power output to IOT system over the 

internet. Here we use IOT Thingspeak to transmit solar power parameters over the internet to 

IOT Thingspeak server. It now displays these parameters to the user using an effective GUI 

and also alerts user when the output falls below specific limits. This makes remotely 

monitoring of solar plants very easy and ensures best power output.  

1.1. LITERATURE SURVEY 

[1] Development of an online monitoring and control system for distributed Renewable 

Energy Sources (RES) based on Android platform. This method utilizes the Bluetooth 

interface of Android Tablet of Mobile phone, as a communication link for data exchange with 

digital hardware of power Conditioning Unit.  

[2] Introduction to an instant monitoring infrastructure of renewable energy generation 

system that is constituted with a wind turbine on current and voltage measurements of each 

renewable source .The related values are measured with the developed sensing circuits and 

processed by 18F4450 microcontroller of Microchip. The processed parameters are then 

transmitted to personal computer (PC) over universal series bus (USB) to be saved in 

database and to observe the system instantly. The Coded visual interface of monitoring 

software can manage the saved data to analyse daily, weekly and monthly values of each 

measurement separately. 

[3] Goto, Yoshihiro, explained about an integrated system that manages and remotely 

monitors telecommunication power plants has been developed and has started operations. The 

system is used to operate and maintain more than 200,000 telecommunication power plants 

which includes devices such as rectifiers, inverters, UPS’s and airconditioning plants 

installed in about 8000 buildings. Feature of the system are to integrate the management and 

remote monitoring functions into single system and improved user interfaces which uses 

information and communication technology 
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1.2.OVERVIEW 

Nowadays, utilities are being stressed for further gigantic energy production. Exponential 

growth of human population and energy consumers in mega cites is witnessed. And thus, 

energy conservation is becoming a major concern worldwide. As a result, energy-monitoring 

systems are evolving as the most effective solution towards optimizing the growing energy 

demands and consumptions. These systems can eliminate the waste in energy, reduce the 

current usage levels, and better utilize our resources. In this work, we overview and 

categorize existing energy-monitoring approaches in the literature. Enabling technologies 

including sensors and handheld devices are overviewed as well. We spot the light on practical 

aspects and performability issues. Furthermore, we investigate the impact and effectiveness 

of these monitoring systems under stress. Critical design factors, tuning parameters and real 

use cases are analyzed and compared in addition to categorizing the most common trends in 

this area. Finally, commonly observed patterns and statistics are concluded and reported. 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.sciencedirect.com/topics/engineering/exponential-growth
https://www.sciencedirect.com/topics/engineering/exponential-growth
https://www.sciencedirect.com/topics/computer-science/performability
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CHAPTER – 2 

CIRCUIT DESCRIPTION 

2.1.BLOCK DIAGRAM 

Fig. 2.1 Block Diagram 
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2.2. CIRCUIT DIAGRAM 

 

 

Fig. 2.2 Circuit Diagram 
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CHAPTER – 3 

COMPONENTS REQUIRED 

3.1. ARDUINO UNO 

  

 
 

Fig : 3.1 Arduino UNO board 

 

3.1.1 Descrption 

The Arduino UNO is an open source microcontroller board  based on   

the Microchip ATmega328P microcontroller and developed by Arduino.cc. The board is 

equipped with sets of digital and analog input/output (I/O) pins that may be interfaced to 

various expansion boards (shields) and other circuits. The board has 14 Digital pins, 6 Analog 

pins, and programmable with the Arduino IDE (Integrated Development Environment) via a 

type B USB cable. It can be powered by the USB cable or by an external 9-volt battery, 

though it accepts voltages between 7 and 20 volts. It is also similar to the Arduino Nano and 

Leonardo. The hardware reference design is distributed under a Creative 

https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Expansion_board
https://en.wikipedia.org/wiki/Arduino#Software
https://en.wikipedia.org/wiki/USB_cable
https://en.wikipedia.org/wiki/9-volt_battery
https://en.wikipedia.org/wiki/Arduino_Nano
https://en.wikipedia.org/wiki/Creative_Commons
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Commons Attribution Share-Alike 2.5 license and is available on the Arduino website. 

Layout and production files for some versions of the hardware are also available. 

The word "uno" means "one" in Italian and was chosen to mark the initial release of 

the Arduino Software. The Uno board is the first in a series of USB-based Arduino 

boards, and it and version 1.0 of the Arduino IDE were the reference versions of Arduino, 

now evolved to newer releases. The ATmega328 on the board comes preprogrammed with 

a bootloader that allows uploading new code to it without the use of an external hardware 

programmer.  

While the Uno communicates using the original STK500 protocol, it differs from all 

preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it uses 

the Atmega16U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial converter.  

 

3.1.2 Background 

The Arduino project started at the Interaction Design Institute Ivrea (IDII) in Ivrea, Italy. At 

that time, the students used a BASIC Stamp microcontroller at a cost of $100, a considerable 

expense for many students. In 2003 Hernando Barragán created the development 

platform Wiring as a Master's thesis project at IDII, under the supervision of Massimo Banzi 

and Casey Reas, who are known for work on the Processing language. The project goal was 

to create simple, low-cost tools for creating digital projects by non-engineers. The Wiring 

platform consisted of a printed circuit board (PCB) with an ATmega168 microcontroller, an 

IDE based on Processing and library functions to easily program the microcontroller. In 

2003, Massimo Banzi, with David Mellis, another IDII student, and David Cuartielles, added 

support for the cheaper ATmega8 microcontroller to Wiring. But instead of continuing the 

work on Wiring, they forked the project and renamed it Arduino. Early arduino boards used 

the FTDI USB-to-serial driver chip and an ATmega168. The Uno differed from all preceding 

boards by featuring the ATmega328P microcontroller and an ATmega16U2 (Atmega8U2 up 

to version R2) programmed as a USB-to-serial converter. 

 

3.1.3 Technical Specifications 

 Microcontroller: Microchip ATmega328P  

  Operating Voltage: 5 Volts 

 Input Voltage: 7 to 20 Volts 

 Digital I/O Pins: 14 (of which 6 provide PWM output) 

 Analog Input Pins: 6 

 DC Current per I/O Pin: 20 mA 

 DC Current for 3.3V Pin: 50 mA 

 Flash Memory: 32 KB of which 0.5 KB used by bootloader 

 SRAM: 2 KB 

https://en.wikipedia.org/wiki/Creative_Commons
https://en.wiktionary.org/wiki/uno
https://en.wikipedia.org/wiki/Italian_language
https://en.wikipedia.org/wiki/Arduino_Software
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Bootloader
https://en.wikipedia.org/wiki/Usb_to_serial_adapter
https://en.wikipedia.org/wiki/Interaction_Design_Institute_Ivrea
https://en.wikipedia.org/wiki/Ivrea
https://en.wikipedia.org/wiki/BASIC_Stamp
https://en.wikipedia.org/wiki/Wiring_(development_platform)
https://en.wikipedia.org/wiki/Processing_(programming_language)
https://en.wikipedia.org/wiki/Printed_circuit_board
https://en.wikipedia.org/wiki/ATmega
https://en.wikipedia.org/wiki/Fork_(software_development)
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/ATmega
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Flash_Memory
https://en.wikipedia.org/wiki/Booting#BOOT-LOADER
https://en.wikipedia.org/wiki/Static_random-access_memory
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 EEPROM: 1 KB 

 Clock Speed: 16 MHz 

 Length: 68.6 mm 

 Width: 53.4 mm 

 Weight: 25 g 

3.1.4 General pin functions 

 LED: There is a built-in LED driven by digital pin 13. When the pin is high value, the 

LED is on, when the pin is low, it's off. 

 VIN: The input voltage to the Arduino/Genuino board when it's using an external power 

source (as opposed to 5 volts from the USB connection or other regulated power source). 

You can supply voltage through this pin, or, if supplying voltage via the power jack, 

access it through this pin. 

 5V: This pin outputs a regulated 5V from the regulator on the board. The board can be 

supplied with power either from the DC power jack (7 - 20V), the USB connector (5V), 

or the VIN pin of the board (7-20V). Supplying voltage via the 5V or 3.3V pins bypasses 

the regulator, and can damage the board. 

 3V3: A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 

mA. 

 GND: Ground pins. 

 IOREF: This pin on the Arduino/Genuino board provides the voltage reference with 

which the microcontroller operates. A properly configured shield can read the IOREF pin 

voltage and select the appropriate power source or enable voltage translators on the 

outputs to work with the 5V or 3.3V. 

 Reset: Typically used to add a reset button to shields which block the one on the board.  

 

3.1.5 Special pin functions 

Each of the 14 digital pins and 6 analog pins on the Uno can be used as an input or output, 

using pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each 

pin can provide or receive 20 mA as recommended operating condition and has an internal 

pull-up resistor (disconnected by default) of 20-50k ohm. A maximum of 40mA is the value 

that must not be exceeded on any I/O pin to avoid permanent damage to the microcontroller. 

The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of 

resolution (i.e. 1024 different values). By default they measure from ground to 5 volts, 

though is it possible to change the upper end of their range using the AREF pin and the 

analogReference() function.  

In addition, some pins have specialized functions: 

https://en.wikipedia.org/wiki/EEPROM
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 Serial / UART: pins 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL 

serial data. These pins are connected to the corresponding pins of the ATmega8U2 USB-

to-TTL serial chip. 

 External interrupts: pins 2 and 3. These pins can be configured to trigger an interrupt on a 

low value, a rising or falling edge, or a change in value. 

 PWM (pulse-width modulation): 3, 5, 6, 9, 10, and 11. Can provide 8-bit PWM output 

with the analogWrite() function. 

 SPI (Serial Peripheral Interface): 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins 

support SPI communication using the SPI library. 

 TWI (two-wire interface) / I²C: A4 or SDA pin and A5 or SCL pin. Support TWI 

communication using the Wire library. 

 AREF (analog reference): Reference voltage for the analog inputs. 

 

3.1.6 Communication 

The Arduino/Genuino Uno has a number of facilities for communicating with a computer, 

another Arduino/Genuino board, or other microcontrollers. The ATmega328 provides UART 

TTL (5V) serial communication, which is available on digital pins 0 (RX) and 1 (TX). An 

ATmega16U2 on the board channels this serial communication over USB and appears as a 

virtual com port to software on the computer. The 16U2 firmware uses the standard USB 

COM drivers, and no external driver is needed. However, on Windows, a .inf file is required. 

The Arduino Software (IDE) includes a serial monitor which allows simple textual data to be 

sent to and from the board. The RX and TX LEDs on the board will flash when data is being 

transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial 

communication on pins 0 and 1). A SoftwareSerial library allows serial communication on 

any of the Uno's digital pins.  

 

3.1.6.1 Automatic (software)  

Rather than requiring a physical press of the reset button before an upload, the 

Arduino/Genuino Uno board is designed in a way that allows it to be reset by software 

running on a connected computer. One of the hardware flow control lines (DTR) of the 

ATmega8U2/16U2 is connected to the reset line of the ATmega328 via a 100 nanofarad 

capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the 

chip.  

This setup has other implications. When the Uno is connected to a computer running Mac OS 

X or Linux, it resets each time a connection is made to it from software (via USB). For the 

following half-second or so, the bootloader is running on the Uno. While it is programmed to 

ignore malformed data (i.e. anything besides an upload of new code), it will intercept the first 

few bytes of data sent to the board after a connection is opened. 

https://en.wikipedia.org/wiki/UART
https://en.wikipedia.org/wiki/Pulse-width_modulation
https://en.wikipedia.org/wiki/Serial_Peripheral_Interface
https://en.wikipedia.org/wiki/I%C2%B2C
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3.2. SOLAR PANNEL  

Solar energy begins with the sun. Solar panels (also known as "PV panels") are used to 

convert light from the sun, which is composed of particles of energy called "photons", into 

electricity that can be used to power electrical loads. 

Solar panels can be used for a wide variety of applications including remote power 

systems for cabins, telecommunications equipment, remote sensing, and of course for the 

production of electricity by residential and commercial solar electric systems. 

 

Fig : 3.2 Solar panel 

 

3.2.1. A Short History of Solar Panels 

The development of solar energy goes back more than 100 years. In the early days, solar 

energy was used primarily for the production of steam which could then be used to drive 

machinery. But it wasn't until the discovery of the "photovoltaic effect" by Edmond 

Becquerel that would allow the conversion of sunlight solar electric energy. Becquerel's 

discovery then led to the invention in 1893 by Charles Fritts of the first genuine solar cell 

which was formed by coating sheets of selenium with a thin layer of gold. And from this 

humble beginning would arise the device we know today as the solar panel. 

http://chemwiki.ucdavis.edu/Physical_Chemistry/Quantum_Mechanics/02._Fundamental_Concepts_of_Quantum_Mechanics/Photons
https://www.mrsolar.com/solar-panels/
https://www.mrsolar.com/remote-power-systems/
https://www.mrsolar.com/remote-power-systems/
https://www.mrsolar.com/cabin-solar-power-kits/
https://www.mrsolar.com/telecom-solar-power-kits/
https://www.mrsolar.com/
https://www.mrsolar.com/solar-power-system-kits/
https://www.mrsolar.com/what-is-solar-energy/
https://www.mrsolar.com/photovoltaic-effect/
https://en.wikipedia.org/wiki/Edmond_Becquerel
https://en.wikipedia.org/wiki/Edmond_Becquerel
http://en.wikipedia.org/wiki/Charles_Fritts
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Russel Ohl, an American inventor on the payroll of Bell Laboratories, patented the world's 

first silicon solar cell in 1941. Ohl's invention led to the production of the first solar panel in 

1954 by the same company. Solar panels found their first mainstream use in space satellites. 

For most people, the first solar panel in their life was probably embedded in their new 

calculator - circa the 1970s! 

Today, solar panels and complete solar panel systems are used to power a wide variety of 

applications. Yes, solar panels in the form of solar cells are still being used in calculators. 

However, they are also being used to provide solar power to entire homes and commercial 

buildings, such as Google's headquarters in California. 

 

3.2.2. Working of Solar panels 

 

 

 

Fig 3.3 - Working of Solar panels 

Solar panels collect clean renewable energy in the form of sunlight and convert that light into 

electricity which can then be used to provide power for electrical loads. Solar panels are 

comprised of several individual solar cells which are themselves composed of layers of 

silicon, phosphorous (which provides the negative charge), and boron (which provides the 

positive charge). Solar panels absorb the photons and in doing so initiate an electric current. 

The resulting energy generated from photons striking the surface of the solar panel allows 

electrons to be knocked out of their atomic orbits and released into the electric field generated 

http://en.wikipedia.org/wiki/Russell_Ohl
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by the solar cells which then pull these free electrons into a directional current. This entire 

process is known as the Photovoltaic Effect. An average home has more than enough roof 

area for the necessary number of solar panels to produce enough solar electricrity to supply 

all of its power needs excess electricity generated goes onto the main power grid, paying off 

in electricity use at night. 

In a well-balanced grid-connected configuration, a solar array generates power during the day 

that is then used in the home at night. Net metering programs allow solar generator owners to 

get paid if their system produces more power than what is needed in the home. In off-grid 

solar applications, a battery bank, charge controller, and in most cases, an inverter are 

necessary components. The solar array sends direct current (DC) electricity through the 

charge controller to the battery bank. The power is then drawn from the battery bank to the 

inverter, which converts the DC current into alternating current (AC) that can be used for 

non-DC appliances. Assisted by an inverter, solar panel arrays can be sized to meet the most 

demanding electrical load requirements. The AC current can be used to power loads in homes 

or commercial buildings, recreational vehicles and boats, remote cabins, cottages, or homes, 

remote traffic controls, telecommunications equipment, oil and gas flow monitoring, RTU, 

SCADA, and much more. 

 

3.2.3. Benefits of Solar Panels 

Using solar panels is a very practical way to produce electricity for many applications. The 

obvious would have to be off-grid living. Living off-grid means living in a location that is not 

serviced by the main electric utility grid. Remote homes and cabins benefit nicely from solar 

power systems. No longer is it necessary to pay huge fees for the installation of electric utility 

poles and cabling from the nearest main grid access point. A solar electric system is 

potentially less expensive and can provide power for upwards of three decades if properly 

maintained. 

Besides the fact that solar panels make it possible to live off-grid, perhaps the greatest benefit 

that you would enjoy from the use of solar power is that it is both a clean and a renewable 

source of energy. With the advent of global climate change, it has become more important 

that we do whatever we can to reduce the pressure on our atmosphere from the emission of 

greenhouse gases. Solar panels have no moving parts and require little maintenance. They are 

ruggedly built and last for decades when porperly maintained. 

Last, but not least, of the benefits of solar panels and solar power is that, once a system has 

paid for its initial installation costs, the electricity it produces for the remainder of the 

system's lifespan, which could be as much as 15-20 years depending on the quality of the 

system, is absolutely free! For grid-tie solar power system owners, the benefits begin from 

the moment the system comes online, potentially eliminating monthy electric bills or, and this 
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is the best part, actually earning the system's owner additional income from the electric 

company. How? If you use less power than your solar electric system produces, that excess 

power can be sold, sometimes at a premium, to your electric utility company! 

There are many other applications and benefits of using solar panels to generate your 

electricity needs - too many to list here. But as you browse our website, you'll gain a good 

general knowledge of just how versatile and convenient solar power can be. 

 

3.2.4. Solar Panels Cost 

Prices for solar panels has decreased substantially in the last couple of years. This is great 

because, combined with the 30$ federal solar Investment Tax Credit and other applicable 

incentives, NOW is the best time ever to invest in a solar power system. And, consider this: a 

solar power system costs about the same as a mid-sized car! 

 

3.3. WIFI MODULE 

 

Fig 3.4 Wifi Module 

 

The ESP8266 WiFi Module is a self contained SOC with integrated TCP/IP protocol stack 

that can give any microcontroller access to your WiFi network. The ESP8266 is capable of 

either hosting an application or offloading all Wi-Fi networking functions from another 

application processor. Each ESP8266 module comes pre-programmed with an AT command 

set firmware, meaning, you can simply hook this up to your Arduino device and get about as 
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much WiFi-ability as a WiFi Shield offers (and that's just out of the box)! The ESP8266 

module is an extremely cost effective board with a huge, and ever growing, community. 

This module has a powerful enough on-board processing and storage capability that allows it 

to be integrated with the sensors and other application specific devices through its GPIOs 

with minimal development up-front and minimal loading during runtime. Its high degree of 

on-chip integration allows for minimal external circuitry, including the front-end module, is 

designed to occupy minimal PCB area. The ESP8266 supports APSD for VoIP applications 

and Bluetooth co-existance interfaces, it contains a self-calibrated RF allowing it to work 

under all operating conditions, and requires no external RF parts. 

There is an almost limitless fountain of information available for the ESP8266, all of which 

has been provided by amazing community support. In the Documents section below you will 

find many resources to aid you in using the ESP8266, even instructions on how to 

transforming this module into an IoT (Internet of Things) solution! 

Note: The ESP8266 Module is not capable of 5-3V logic shifting and will require an 

external Logic Level Converter. Please do not power it directly from your 5V dev board. 

 

3.4. VOLTAGE SENSOR 

 
 

Fig 3.5 Voltage Sensor 

 

 

A voltage sensor is a sensor is used to calculate and monitor the amount of voltage in an 

object. Voltage sensors can determine both the AC voltage or DC voltage level. The input of 

this sensor can be the voltage whereas the output is the switches, analog voltage signal, a 

current signal, an audible signal, etc. 

Sensors are basically a device which can sense or identify and react to certain types of 

electrical or some optical signals. Implementation of voltage sensor and current sensor 

https://www.sparkfun.com/products/12009
https://www.electrical4u.com/sensor-types-of-sensor/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/sensor-types-of-sensor/
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techniques have become an excellent choice to the conventional current and voltage 

measurement methods. 

 

 

3.4.1. Advantages of Voltage Sensors Over Conventional Measuring Techniques 

The advantage of voltage sensors include: 

 Small in weight and size. 

 Personnel safety is high. 

 Degree of accuracy is very high. 

 It is non-saturable. 

 Wide dynamic range. 

 Eco-friendly. 

 It is possible to combine both the voltage and current measurement into a single 

physical device with small and compact dimensions. 

 

3.4.2. Types of Voltage Sensors 

In this article, we can discuss in detail about voltage sensor. A voltage sensor can in fact 

determine, monitor and can measure the supply of voltage. It can measure AC level or/and 

DC voltage level. The input to the voltage sensor is the voltage itself and the output can be 

analog voltage signals, switches, audible signals, analog current level, frequency or even 

frequency modulated outputs. 

That is, some voltage sensors can provide sine or pulse trains as output and others can 

produce Amplitude Modulation, Pulse Width Modulation or Frequency Modulation outputs. 

In voltage sensors, the measurement is based on a voltage divider. There are two main types 

of voltage sensors are available- Capacitive type voltage sensor and Resistive type voltage 

https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/voltage-divider/
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sensor. 

 
 

3.4.3. Capacitive Voltage Sensor 

As we know that a capacitor comprises of two conductors or simply two plates and in 

between these plates, a non-conductor is kept. That non-conducting material is termed as 

dielectric. When an AC voltage is provided across these plates, current will start to pass 

owing to either the attraction or the repulsion of electrons by means of the voltage present on 

the opposite plate. The field among the plates will create a complete AC circuit without any 

hardware connection. This is how a capacitor works. 

Next, we can discuss about the voltage division in two capacitors which are in series. Usually 

in series circuits, high voltage will develop across the component which is having high 

impedance. In the case of capacitors, capacitance and impedance (capacitive reactance) are 

always inversely proportional. 

 
The relation between voltage and capacitance is 

 
Q → Charge (Coulomb) 

C → Capacitance (Farad) 

XC → Capacitive reactance (Ω) 

f → Frequency (Hertz) 

From the above two relations, we can clearly state that the highest voltage will build up 

across smallest capacitor. The capacitor voltage sensors work based on this simple principle. 

https://www.electrical4u.com/what-is-capacitor/
https://www.electrical4u.com/electrical-conductor/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/electric-current-and-voltage-division-rule/
https://www.electrical4u.com/what-is-capacitor/
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Consider we are holding the sensor in our hand and then placing the tip of it near a live 

conductor. 

Here, we are inserting the sensing element of high impedance into a series capacitive 

coupling circuit. In this moment, the tip of the sensor is the smallest capacitor which is 

coupled to the live voltage. Thus the whole voltage will develop across the sensing circuit  

and it can detect voltage and indicator like light or buzzer sound is turned on. This is how the 

non contact voltage sensors that you use at home work. 

 

3.4.4. Resistive Voltage Sensor 

There are two ways in converting the resistance of the sensing element to the voltage. First 

one is the simplest method that is to provide a voltage to the resistor divider circuit comprises 

of a sensor and a reference resistor which is represented below. 

 
The voltage that is developed across the reference resistor or sensor is buffered and then 

given to the ADC. The output voltage of the sensor can be expressed as 

 
The drawback of this circuit is the amplifier present here will amplify the whole voltage 

developed across the sensor. But, it is better to amplify only the voltage change due to the 

change in resistance of the sensor. This is achieved by the second method implementing the 

resistance bridge which is shown below. 

https://www.electricalknowledge.com/electricians-tools/best-non-contact-voltage-tester/
https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://www.electrical4u.com/types-of-resistor/
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Here, the output voltage is 

 
When R1 = R, then output voltage becomes approximately 

 
A → Gain of Instrumentation Amplifier. 

δ → Change in the resistance of the sensor analogous to some physical action. 

In this equation, gain have to be set high because only the voltage change due to the change 

in resistance of the sensor is being amplified. 

 

 

3.4.5. Applications of Voltage Sensor 

The application of voltages sensors include: 

 Power failure detection. 

 Load sensing. 

 Safety switching. 

 Temperature control. 

 Power demand control. 

 Fault detection. 

 

 

 

https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
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3.5. CURRENT SENSOR 

 

Fig 3.6. Current Sensor 

 

Current flowing through a conductor causes a voltage drop. The relation between current and 

voltage is given by Ohm’s law. In electronic devices, an increase in the amount of current 

above its requirement leads to overload and can damage the device. 

Measurement of current is necessary for the proper working of devices. Measurement of 

voltage is Passive task and it can be done without affecting the system. Whereas 

measurement of current is an Intrusive task which cannot be detected directly as voltage. 

For measuring current in a circuit, a sensor is required. ACS712 Current Sensor is the sensor 

that can be used to measure and calculate the amount of current applied to the conductor 

without affecting the performance of the system. 

ACS712 Current Sensor is a fully integrated, Hall-effect based linear sensor IC. This IC has a 

2.1kV RMS voltage isolation along with a low resistance current conductor. 

 

3.5.1. Working Principle 

Current Sensor detects the current in a wire or conductor and generates a signal proportional 

to the detected current either in the form of analog voltage or digital output. 
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Current Sensing is done in two ways – Direct sensing and Indirect Sensing. In Direct sensing, 

to detect current, Ohm’s law is used to measure the voltage drop occurred in a wire when 

current flows through it. 

A current-carrying conductor also gives rise to a magnetic field in its surrounding. In Indirect 

Sensing, the current is measured by calculating this magnetic field by applying either 

Faraday’s law or Ampere law. Here either a Transformer or Hall effect sensor or fiberoptic 

current sensor are used to sense the magnetic field. 

ACS712 Current Sensor uses Indirect Sensing method to calculate the current. To sense 

current a liner, low-offset Hall sensor circuit is used in this IC. This sensor is located at the 

surface of the IC on a copper conduction path. When current flows through this copper 

conduction path it generates a magnetic field which is sensed by the Hall effect sensor. A 

voltage proportional to the sensed magnetic field is generated by the Hall sensor, which is 

used to measure current. 

The proximity of the magnetic signal to the Hall sensor decides the accuracy of the device. 

Nearer the magnetic signal higher the accuracy. ACS712 Current Sensor is available as a 

small, surface mount SOIC8 package. In this IC current flows from Pin-1 and Pin-2 to Pin-3 

and Pin-4. This forms the conduction path where the current is sensed. Implementation of this 

IC is very easy. 

ACS712 can be used in applications requiring electrical isolation as the terminals of the 

conduction path are electrically isolated from the IC leads. Thus, this IC doesn’t require any 

other isolation techniques. This IC requires a supply voltage of 5V. Its output voltage is 

proportional to AC or DC current. ACS712 has a nearly zero magnetic hysteresis. 

Where Pin-1 to Pin-4 forms the conduction path, Pin-5 is the signal ground pin. Pin-6 is the 

FILTER pin that is used by an external capacitor to set the bandwidth. Pin-7 is the analog 

output pin. Pin-8 is the power supply pin. 

 

3.5.2. Applications of ACS712 Current Sensor 

This IC can detect both AC and DC current so, it has a wide range of applications. ACS712 is 

used in Peak detection circuits, circuits to increase gain, rectification application for AtoD 

converters, Overcurrent fault latch, etc…The filter pin provided by this IC is used to 

eliminate the attenuation effect in resistor divider circuits. 

ACS712 is used in many industrial, commercial and communication applications. This IC is 

applicable for Automobile applications. Some of the typical applications of this IC can be 

found in motor control circuits, for load detection and management, SMPS, overcurrent fault 
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protection circuit.This IC can measure current for high voltage loads operating at 230V AC 

mains. To read the values it can be easily interfaced with the ADC of a microcontroller. 

 

3.6. LCD (Liquid Crystal Display)   

 

 

Fig 3.7. LCD 

 

LCD (Liquid Crystal Display) is a type of flat panel display which uses liquid crystals in its 

primary form of operation. LEDs have a large and varying set of use cases for consumers and 

businesses, as they can be commonly found in smartphones, televisions, computer monitors 

and instrument panels.LCDs were a big leap in terms of the technology they replaced, which 

include light-emitting diode (LED) and gas-plasma displays. LCDs allowed displays to be 

much thinner than cathode ray tube (CRT) technology. LCDs consume much less power than 

LED and gas-display displays because they work on the principle of blocking light rather 

than emitting it. Where an LED emits light, the liquid crystals in an LCD produces an image 

using a backlight.As LCDs have replaced older display technologies, LCDs have begun being 

replaced by new display technologies such as OLEDs. 

 

3.6.1. Working of LCD 

A display is made up of millions of pixels. The quality of a display commonly refers to the 

number of pixels; for example, a 4K display is made up of 3840 x2160 or 4096x2160 pixels. 

A pixel is made up of three subpixels; a red, blue and green—commonly called RGB. When 

the subpixels in a pixel change color combinations, a different color can be produced. With 
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all the pixels on a display working together, the display can make millions of different colors. 

When the pixels are rapidly switched on and off, a picture is created. 

The way a pixel is controlled is different in each type of display; CRT, LED, LCD and newer 

types of displays all control pixels differently. In short, LCDs are lit by a backlight, and 

pixels are switched on and off electronically while using liquid crystals to rotate polarized 

light. A polarizing glass filter is placed in front and behind all the pixels, the front filter is 

placed at 90 degrees. In between both filters are the liquid crystals, which can be 

electronically switched on and off. 

LCDs are made with either a passive matrix or an active matrix display grid. The active 

matrix LCD is also known as a thin film transistor (TFT) display. The passive matrix LCD 

has a grid of conductors with pixels located at each intersection in the grid. A current is sent 

across two conductors on the grid to control the light for any pixel. An active matrix has a 

transistor located at each pixel intersection, requiring less current to control the luminance of 

a pixel. For this reason, the current in an active matrix display can be switched on and off 

more frequently, improving the screen refresh time. 

Some passive matrix LCD's have dual scanning, meaning that they scan the grid twice with 

current in the same time that it took for one scan in the original technology. However, active 

matrix is still a superior technology out of the two. 

 

 

 

3.6.2 Types of LCDs 

Types of LCDs include: 

Twisted Nematic (TN)- which are inexpensive while having high response times. However, 

TN displays have low contrast ratios, viewing angles and color contrasts. 

In Panel Switching displays (IPS Panels)- which boast much better contrast ratios, viewing 

angles and color contrast when compared to TN LCDs. 

Vertical Alignment Panels (VA Panels)- which are seen as a medium quality between TN and 

IPS displays. 

Advanced Fringe Field Switching (AFFS)- which is a top performer compared IPS displays 

in color reproduction range. 



IOT Based Solar power monitoring system 
 

2 

 

 

3.6.3 LCD vs OLED vs QLED 

LCDs are now being outpaced by other display technologies, but are not completely left in 

the past. Steadily, LCDs have been being replaced by OLEDs, or organic light-emitting 

diodes. 

OLEDs use a single glass or plastic panels, compared to LCDs which use two. Because an 

OLED does not need a backlight like an LCD, OLED devices such as televisions are typically 

much thinner, and have much deeper blacks, as each pixel in an OLED display is individually 

lit. If the display is mostly black in an LCD screen, but only a small portion needs to be lit, 

the whole back panel is still lit, leading to light leakage on the front of the display. An OLED 

screen avoids this, along with having better contrast and viewing angles and less power 

consumption. With a plastic panel, an OLED display can be bent and folded over itself and 

still operate. This can be seen in smartphones, such as the controversial Galaxy Fold; or in the 

iPhone X, which will bend the bottom of the display over itself so the display’s ribbon cable 

can reach in towards the phone, eliminating the need for a bottom bezel. 

However, OLED displays tend to be more expensive and can suffer from burn-in, as plasma-

based displays do. 

 

QLED stands for quantum light-emitting diode and quantum dot LED. QLED displays were 

developed by Samsung and can be found in newer televisions. QLEDs work most similarly to 

LCDs, and can still be considered as a type of LCD. QLEDs add a layer of quantum dot film 

to an LCD, which increases the color and brightness dramatically compared to other LCDs. 

The quantum dot film is made up of small crystal semi-conductor particles. The crystal semi-

conductor particles can be controlled for their color output. 

When deciding between a QLED and an OLED display, QLEDs have much more brightness 

and aren’t affected by burn-in. However, OLED displays still have a better contrast ratio and 

deeper blacks than QLEDs. 

3.7 CONNECTORS AND CABLES 
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Fig 3.8. Connectors and Cables 

 

In information science, connectors, normally called "input-output connectors" (or I/O for 

short), are interfaces for linking devices by using cables. They generally have a male end 

with pins protruding from it. This plug is meant to be inserted into a female part (also called a 

socket), which includes holes for accommodating the pins. However, there are 

"hermaphroditic" plugs which can act as either male or female plugs, and can be inserted into 

either one.The pins and holes in connectors are usually linked to the electric wires which 

form the cable. The pin layout describes which pins couple with which wires.Each numbered 

pin generally corresponds to a wire within the cable, but sometimes one of the pins is left 

unused. Additionally, in some cases, two pins may be linked to one another; this is called a 

"bridge." 

3.7.1 Input/output connectors 

The computer's motherboard has a certain number of input-ouput connectors located on the 

"rear panel." 

Connectors on the rear panel 

Most motherboards have the following connectors: 

 

Serial port, which uses a DB9 connector, for connecting older devices; 

Parallel port, which uses a DB25 connector, mainly for connecting old printers;  

USB ports (1.1, low-speed, or 2.0, high-speed), for connecting more recent peripherals; 
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RJ45 connector (called the LAN port or Ethernet port), for connecting the computer to a 

network. It interfaces with a network card built into the motheboard; 

VGA connector (called SUB-D15), used for hooking up a monitor. This connector interfaces 

with the built-in graphics card; 

Jacks (Line-In, Line-Out and microphone), for connecting speakers or a hi-fi sound system, 

as well as a microphone. This connector interfaces with the built-in sound card. 

 

3.8 DIODE 

 

Fig 3.9. Diode 

 

A diode is defined as a two-terminal electronic component that only conducts current in one 

direction (so long as it is operated within a specified voltage level). An ideal diode will have 

zero resistance in one direction, and infinite resistance in the reverse direction. 

Although in the real world, diodes can not achieve zero or infinite resistance. Instead, a diode 

will have negligible resistance in one direction (to allow current flow), and a very high 

resistance in the reverse direction (to prevent current flow). A diode is effectively like a valve 

for an electrical circuit. 

Semiconductor diodes are the most common type of diode. These diodes begin conducting 

electricity only if a certain threshold voltage is present in the forward direction (i.e. the “low 

resistance” direction). The diode is said to be “forward biased” when conducting current in 

this direction. When connected within a circuit in the reverse direction (i.e. the “high 

resistance” direction), the diode is said to be “reverse biased”. 
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A diode only blocks current in the reverse direction (i.e. when it is reverse biased) while the 

reverse voltage is within a specified range. Above this range, the reverse barrier breaks. The 

voltage at which this breakdown occurs is called the “reverse breakdown voltage”. When the 

voltage of the circuit is higher than the reverse breakdown voltage, the diode is able to 

conduct electricity in the reverse direction (i.e. the “high resistance” direction). This is why in 

practice we say diodes have a high resistance in the reverse direction – not an infinite 

resistance. 

A PN junction is the simplest form of the semiconductor diode. In ideal conditions, this PN 

junction behaves as a short circuit when it is forward biased, and as an open circuit when it is 

in the reverse biased. The name diode is derived from “di–ode” which means a device that 

has two electrodes. Diodes are commonly used in many electronics projects and are included 

in many of the best Arduino starter kits. 

3.8.1 Diode Symbol 

The symbol of a diode is shown below. The arrowhead points in the direction of conventional 

current flow in the forward biased condition. That means the anode is connected to the p side 

and the cathode is connected to the n side. 

3.8.2 Diode Symbol 

 

Fig 3.10. Symbol of Diode 

 

We can create a simple PN junction diode by doping pentavalent or donor impurity in one 

portion and trivalent or acceptor impurity in other portion of silicon or germanium crystal 

block. These dopings make a PN junction at the middle part of the block. We can also form a 

PN junction by joining a p-type and n-type semiconductor together with a special fabrication 

technique. The terminal connected to the p-type is the anode. The terminal connected to the 

n-type side is the cathode. 
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3.8.3 Working Principle of Diode 

A diode’s working principle depends on the interaction of n-type and p-type semiconductors. 

An n-type semiconductor has plenty of free electrons and a very few numbers of holes. In 

other words, we can say that the concentration of free electrons is high and that of holes is 

very low in an n-type semiconductor. Free electrons in the n-type semiconductor are referred 

as majority charge carriers, and holes in the n-type semiconductor are referred to as minority 

charge carriers. 

A p-type semiconductor has a high concentration of holes and a low concentration of free 

electrons. Holes in the p-type semiconductor are majority charge carriers, and free electrons 

in the p-type semiconductor are minority charge carriers. 

 

3.8.4 Unbiased Diode 

when one n-type region and one p-type region come in contact due to concentration 

differences, majority carriers diffuse from one side to another. As the concentration of holes 

is high in the p-type region and it is low in the n-type region, the holes start diffusing from 

the p-type region to the n-type region. 

Again the concentration of free electrons is high in the n-type region and it is low in the p-

type region and due to this reason, free electrons start diffusing from the n-type region to the 

p-type region. 

The free electrons diffusing into the p-type region from the n-type region would recombine 

with holes available there and create uncovered negative ions in the p-type region. In the 

same way, the holes diffusing into the n-type region from the p-type region would recombine 

with free electrons available there and create uncovered positive ions in the n-type region. 

In this way, there would a layer of negative ions in the p-type side and a layer of positive ions 

in the n-type region appear along the junction line of these two types of semiconductors. The 

layers of uncovered positive ions and uncovered negative ions form a region in the middle of 

the diode where no charge carrier exists since all the charge carriers get recombined here in 

this region. Due to the lack of charge carriers, this region is called the depletion region. 

After the formation of the depletion region, there is no more diffusion of charge carriers from 

one side to another in the diode. This is due to the electric field appeared across the depletion 

region will prevent further migration of charge carriers from one side to another. 

The potential of the layer of uncovered positive ions in the n-type side would repeal the holes 

in the p-type side and the potential of the layer of uncovered negative ions in the p-type side 
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would repeal the free electrons in the n-type side. That means a potential barrier is created 

across the junction to prevent further diffusion of charge carriers. 

 

3.8.4.1 Forward Biased Diode 

if a positive terminal of a source is connected to the p-type side and the negative terminal of 

the source is connected to the n-type side of the diode and if we increase the voltage of this 

source slowly from zero. 

In the beginning, there is no current flowing through the diode. This is because although there 

is an external electrical field applied across the diode, the majority charge carriers still do not 

get sufficient influence of the external field to cross the depletion region. As we told that the 

depletion region acts as a potential barrier against the majority charge carriers.This potential 

barrier is called forward potential barrier. The majority charge carriers start crossing the 

forward potential barrier only when the value of externally applied voltage across the 

junction is more than the potential of the forward barrier. For silicon diodes, the forward 

barrier potential is 0.7 volt and for germanium diodes, it is 0.3 volt.When the externally 

applied forward voltage across the diode becomes more than the forward barrier potential, the 

free majority charge carriers start crossing the barrier and contribute the forward diode 

current. In that situation, the diode would behave as a short-circuited path and the forward 

current gets limited by only externally connected resistors to the diode. 

 

3.8.4.2 Reverse Biased Diode 

Now let us see what happens if we connect the negative terminal of the voltage source to the 

p-type side and positive terminal of the voltage source to the n-type side of the diode. At that 

condition, due to electrostatic attraction of the negative potential of the source, the holes in 

the p-type region would be shifted more away from the junction leaving more uncovered 

negative ions at the junction. 

In the same way, the free electrons in the n-type region would be shifted more away from the 

junction towards the positive terminal of the voltage source leaving more uncovered positive 

ions in the junction. As a result of this phenomenon, the depletion region becomes wider. 

This condition of a diode is called the reverse biased condition. At that condition, no majority 

carriers cross the junction, and they instead move away from the junction. In this way, a 

diode blocks the flow of current when it is reverse biased. 

There will be  always some free electrons in the p-type semiconductor and some holes in the 

n-type semiconductor. These opposite charge carriers in a semiconductor are called minority 

charge carriers. In the reverse biased condition, the holes find themselves in the n-type side 
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would easily cross the reverse-biased depletion region as the field across the depletion region 

does not present rather it helps minority charge carriers to cross the depletion region. 

As a result, there is a tiny current flowing through the diode from positive to the negative 

side. The amplitude of this current is very small as the number of minority charge carriers in 

the diode is very small. This current is called reverse saturation current. 

If the reverse voltage across a diode gets increased beyond a safe value, due to higher 

electrostatic force and due to higher kinetic energy of minority charge carriers colliding with 

atoms, a number of covalent bonds get broken to contribute a huge number of free electron-

hole pairs in the diode and the process is cumulative. 

The huge number of such generated charge carriers would contribute a huge reverse current 

in the diode. If this current is not limited by an external resistance connected to the diode 

circuit, the diode may permanently be destroyed. 

 

 

3.9. PCB 

 

 

Fig 3.11 PCB 

 

 

A printed circuit board (PCB) mechanically supports and electrically 

connects electrical or electronic components using conductive tracks, pads and other 

features etched from one or more sheet layers of copper laminated onto and/or between sheet 

layers of a non-conductive substrate. Components are generally soldered onto the PCB to 

both electrically connect and mechanically fasten them to it. 

https://en.wikipedia.org/wiki/Electrical
https://en.wikipedia.org/wiki/Electronic_components
https://en.wikipedia.org/wiki/Electrical_conductor
https://en.wikipedia.org/wiki/Industrial_etching
https://en.wikipedia.org/wiki/Laminated
https://en.wikipedia.org/wiki/Insulator_(electricity)
https://en.wikipedia.org/wiki/Soldering
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Printed circuit boards are used in all but the simplest electronic products. They are also used 

in some electrical products, such as passive switch boxes. 

Alternatives to PCBs include wire wrap and point-to-point construction, both once popular 

but now rarely used. PCBs require additional design effort to lay out the circuit, but 

manufacturing and assembly can be automated. Electronic computer-aided design software is 

available to do much of the work of layout. Mass-producing circuits with PCBs is cheaper 

and faster than with other wiring methods, as components are mounted and wired in one 

operation. Large numbers of PCBs can be fabricated at the same time, and the layout only has 

to be done once. PCBs can also be made manually in small quantities, with reduced benefits. 

PCBs can be single-sided (one copper layer), double-sided (two copper layers on both sides 

of one substrate layer), or multi-layer (outer and inner layers of copper, alternating with 

layers of substrate). Multi-layer PCBs allow for much higher component density, because 

circuit traces on the inner layers would otherwise take up surface space between components. 

The rise in popularity of multilayer PCBs with more than two, and especially with more than 

four, copper planes was concurrent with the adoption of surface mount technology. However, 

multilayer PCBs make repair, analysis, and field modification of circuits much more difficult 

and usually impractical. 

 

3.10. IC SOCKET 

 
Fig 3.12 IC Socket 

 

IC sockets (integrated circuit sockets) act as static connectors between integrated 

circuits (ICs) and printed circuit boards (PCBs). IC Sockets are used for two primary reasons: 

1. IC sockets prevent damage to ICs caused by soldering IC chips directly to the circuit board. 

Instead, the more durable IC sockets are soldered to the board and the chip is simply inserted 

into the socket. 

2. IC sockets allow ICs to be inserted and removed easily. This means damaged IC chips can be 

replaced with relative ease without damaging the PCB. 

https://en.wikipedia.org/wiki/Wire_wrap
https://en.wikipedia.org/wiki/Point-to-point_construction
https://en.wikipedia.org/wiki/Electronic_computer-aided_design
https://en.wikipedia.org/wiki/Surface_mount_technology
https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Integrated_circuit
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3.10.1. IC Socket Styles 

IC sockets are manufactured in a variety styles but perhaps the most common style is dual-in-

line (DIL). Dual-in-line sockets feature two rows of sockets separated and aligned by a 

rectangular thermoplastic insulator. Other IC configurations include press-fit IC sockets and 

right angle mount IC sockets. 

 

3.10.2. IC Socket Applications 

IC sockets are utilized in nearly any application that uses an integrated circuit. This means 

that the vast majority of electronic devices could or do utilize IC sockets. 

 

3.10.3. Top IC Socket Manufacturers 

 Mill-Max 

 3M 

 Assmann WSW Components 

 Advanced Interconnections 

 TE Connectivity 

 

 

 

 

 

 

 

 

 

https://www.biscoind.com/MillMax-Sockets
https://www.biscoind.com/AdvancedInterconnections
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CHAPTER – 4 

CIRCUIT OPERATION 

4.1. WORKING 

The sensors is used to sense the real time status of the solar panel, that is it senses the current 

using the current sensor. The dc motor rotates the solar panel using the dc servo motor 

depending upon the LDR, so that solar panel receives maximum sunlight at each instant. The 

relay acts as the driver for the motor. The controller is connected to the sensor , LDR and the 

relay .The analog signal from the sensor and the LDR act as input to the controller and the 

output signal is given to the relay based on LDR’s input and the solar panel parameters like 

voltage and power generated which are calculated from current signal from the sensor are 

displayed on the LCD.  

The controller is interfaced with the cloud server using the wifi module, therefore the solar 

panel parameters like voltage, current and power generated are uploaded to the server. So the 

solar panel’s real time status can be viewed remotely. Moreover the parameters of the panel 

are stored in the server each hour and each day so that it can be compared and analysed. 

Internet of Things (IoT) platform integrates data from the different solar panels and applies 

analytics to share the most valuable information with applications built to address specific 

needs These powerful IoT platforms such as Thingspeak, Microsoft Azure and Google cloud 

platform etc can pinpoint exactly what information is useful and what can safely be ignored. 

This information can be used to detect faults, make recommendations, and detect possible 

problems before they occur. The information picked up by connected sensors enables to make 

smart decisions based on real-time information, which helps save time and money 

 

4.1.1. Software Specifications 

Normal C language 

Code :  

#include <LiquidCrystal.h> 

LiquidCrystal lcd(7, 6, 5, 4, 3, 2); 

void setup()  

{ 

  Serial.begin(9600); //Start Serial Monitor to display current read value on Serial monitor 

  lcd.begin(16, 2); 

  lcd.setCursor(0, 0); 
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  lcd.print("  SOLAR PANEL   "); 

  lcd.setCursor(0, 1); 

  lcd.print("POWER MEASUREMNT"); 

  delay(2000); 

  lcd.setCursor(0, 0); 

  lcd.print("CURRENT:        "); 

  lcd.setCursor(0, 1); 

  lcd.print("POWER:          "); 

} 

 

void loop() { 

unsigned int x=0; 

float AcsValue=0.0,Samples=0.0,AvgAcs=0.0,AcsValueF=0.0; 

 

  for (int x = 0; x < 150; x++){ //Get 150 samples 

  AcsValue = analogRead(A0);     //Read current sensor values    

  Samples = Samples + AcsValue;  //Add samples together 

  delay (3); // let ADC settle before next sample 3ms 

} 

AvgAcs=Samples/150.0;//Taking Average of Samples 

 

//((AvgAcs * (5.0 / 1024.0)) is converitng the read voltage in 0-5 volts 

//2.5 is offset(I assumed that arduino is working on 5v so the viout at no current comes 

//out to be 2.5 which is out offset. If your arduino is working on different voltage than  

//you must change the offset according to the input voltage) 

//0.066v(66mV) is rise in output voltage when 1A current flows at input 

AcsValueF = (2.5 - (AvgAcs * (5.0 / 1024.0)) )/0.066; 

 

Serial.println(AcsValueF);//Print the read current on Serial monitor 

delay(50); 

lcd.setCursor(7, 0); 

  lcd.print(AcsValueF);lcd.print("A  "); 

  lcd.setCursor(6, 1); 

  lcd.print(AcsValueF*12);lcd.print("W  "); 

} 
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4.2. ADVANTAGES 

long life: the LEDs can provide 50000 hours or more of life, which can reduce maintenance 

costs (in comparison, an incandescent light bulb lasts approximately 1000 hours).  

Energy savings: white LED-based lighting systems provide three or more times the luminous 

efficacy (lumens/watt) of incandescent lamps. Colored LEDs are especially advantageous for 

colored lighting applications because optical filters are not needed. 

Emitted light with better quality: LEDs have minimum ultraviolet and infrared radiation 

and its light can be tuned to any color appearance.  Intrinsically safe: LED-based systems are 

fed at low voltage (few tens of Volt) and generally are cool to the touch (compared to 

traditional lamps).  Smaller, flexible light fixtures: the small size of LEDs makes them useful 

for lighting tight spaces. OLEDs are flat and flexible, allowing for unique applications.   

Durable: LEDs have no filament to break and can withstand vibrations. 

 

4.3. APPLICATIONS 

 loT utilizes computing facilities and software systems   for information processing 

and knowledge digging.  

 Using loT Human to Machine and Machine to Machine     information exchange and  

seamless linkage of information   flows can be achieved.  

 Using loT real-time control ,accurate management and   intelligent decision-making 

of the physical world can be   made. 
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CHAPTER – 5 

RESULTS 

 

 

 

Fig. 5.1 Working model of IOT based solar power monitoring system 
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CHAPTER – 6 

CONCLUSIONS 

6.1. CONCLUSION 

As this system keeps continues track of solar power plant ,the daily weekly and monthly 

analysis becomes easy and efficient also with the help of this analysis it is possible to detect 

any fault occurred within power plant as the generated power may show some inconsistency 

in data of Solar power plant.  

The proposed system stores the data from the solar photovoltaic system continuously, so it 

keeps track of the solar photovoltaic system and daily or monthly analysis becomes easy and 

efficient. Using the analysis it is possible to detect any fault occurring in the system as there 

would be inconsistency in the data generated by the system. By solar tracking the solar panel 

is operated at its maximum efficiency all day.  

 

6.2. FUTURE SCOPE 

Since the system requires external power supply of 5 volts and 3.3 volts for its operation 

which can be taken rid of by utilising the power generated by solar panel only. Also with the 

help of motor and controlling it is possible to track the sun for better power generation. Apart 

from that by using various Machine Learning algorithms and model it is possible to make 

system smart enough to take decision about data and performance. 

The controller requires an external supply to work but using the power generated from solar 

panel itself the controller’s input power supply can be met. For very large solar panel dual 

axis solar panel tracking can be done. By analysing the data it is possible to predict the future 

values of parameters. Artificial intelligence can be implemented using various machine 

learning algorithms so that the system can become smart enough to take decisions about data 

and performance.   
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Programme Educational Objectives  
 

1.  Graduates will have technical knowledge, skills and competence to identify, 

comprehend and solve problems of industry and society.  

2.  Graduates learn and adapt themselves to the constantly evolving technology to pursue 

higher studies and undertake research. 

3.  Graduates will engage in lifelong learning and work successfully in teams with 

professional, ethical and administrative acumen to handle critical situations.  

 

 

 

Programme Specific Outcomes (PSO) 
 

1. Apply the knowledge of circuit design, analog & digital electronics to the field of 

electrical and electronics systems 

2. Analyze, design and develop control systems, industrial drives and power systems using 

modern tools. 

 

Programme Outcomes:  
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1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

    fundamentals and an engineering specialization for the solution of complex engineering  

     problems. 

 

2. Problem analysis: Identify, formulate, research literature, and analyze complex  

    engineering problems reaching substantiated conclusions using first principles of  

     mathematics, natural sciences, and engineering sciences. 

 

3. Design/development of solutions: Design solutions for complex engineering problems     

     and design system components or processes that meet the specified needs with appropriate  

    consideration for public health and safety, and cultural, societal, and environmental  

     considerations. 

 

4. Conduct investigations of complex problems: Use research-based knowledge and   

    research methods including design of experiments, analysis and interpretation of data,  

    and synthesis of  the information to provide valid conclusions. 

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and  

    Modern engineering and IT tools, including prediction and modeling to complex  

    engineering activities, with an understanding of the limitations. 

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to   

     assess societal, health, safety, legal, and cultural issues and the consequent  

     responsibilities relevant to the professional engineering practice. 

 

7. Environment and sustainability: Understand the impact of the professional engineering  

    solutions in societal and environmental contexts, and demonstrate the knowledge of,  

    and need for sustainable development. 

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and             

    norms of the engineering practice. 

 

9. Individual and team work: Function effectively as an individual, and as a member or  

    leader in diverse teams, and in multidisciplinary settings. 

 

10. Communication: Communicate effectively on complex engineering activities with the  

      engineering community and with the society at large, such as, being able to  

      comprehend and write effective reports and design documentation, make effective  

      presentations, and give and receive clear instructions. 

 

11. Project management and finance: Demonstrate knowledge and understanding of the  

     engineering and management principles and apply these to one’s own work, as a  

     member and leader in a team, to manage projects and in multidisciplinary  

      environments. 

 

12. Life-long learning: Recognizes the need for, and have the preparation and ability to   

      engage in independent and life-long learning in the broadest context of technological  

      change. 
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Project outcomes mapped with Program Outcomes: 
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Project Title 

Project 

Outcome 

POs 
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16481A0284 Penumala.Bhavana IOT BASED 

SOLAR 

POWER 

MONITORING 

SYSTEM  

 

To Monitor The 

Solar Power 

Using Iot 

Technology 

a, b, c, e, f, 
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16481A0296 V V Harika 

17485A0259 Junapudi Sathwik 

16481A02B7 Abhilendra Varikuti 

 

Program Outcomes (POs): 
 

S.No. Programme Outcomes 

a 
Apply knowledge of mathematics, science and engineering to formulate and solve 

complex electrical & electronics engineering problems 

 

b 
Ability to design and develop hardware and /or software system, a component thereof, 

and process in electrical and electronics engineering to meet desired performance needs, 

within realistic constraints 

c 
Use various techniques and modern tools for modelling and simulation of various 

components, conduct experiments to analyze and provide valid conclusions on the 

performance of various components in electrical and electronics engineering 

d 
Apply reasoning and contextual knowledge to solve various engineering, industry and 

societal problems 

 

e 
Understand the role of electrical and electronics engineering for sustainable  

development in a global, economic, environmental and societal context 

 

f 
An ability to apply professional ethics, responsibilities and commitment to function 

effectively as an individual or as a member of a team to find successful design solutions 

to the problems related to electrical and electronics engineering 

g An ability to communicate effectively on complex engineering activities 

 

h 
Apply principles of management and business practices to become good entrepreneur as 

well as in the industry 
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