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ABSTRACT

Electronic voting systems have the potential to improve traditional voting procedures by
providing added convenience and flexibility to the voter. Numerous electronic voting schemes
have been proposed in the past, but most of them have failed to provide voter authentication in
an efficient and transparent way. This Electronic voting machine designed with integrated power
supply (it works on solar ,Ac mains and rechargeable battery) so that one can use it everywhere
at any time regardless of being urban or rural, in absence or presence of Ac ,being day time or
night . It is designed in such a way that a voter can act by reading instruction displayed on the
LCD how long to wait , when to press candidate switch and weather his/her vote is registered or
not. This machine enables voting process secure by allowing a voter to cast only once. This is
achieved by master switch placed for the election observers and the result is also managed by the
authorized body after activating count button. This paper deals with the design of microcontroller
based Electronic Voting Machine. It has the provisions for casting vote among the four
candidates by pressing the switches and after completing the voting process total result will be

displayed in the LCD.

Keywords: PIC16F877 Microcontroller, LCD (LMO016), vote switches, master switch, count
switch, voltage regulator (LM7805, LM317), rechargeable battery, battery charge controller,

photo voltaic cell.



CHAPTER ONE

1. BACKGROUND OF THE STUDY

1.1 Introduction

Democratic Election in Ethiopia is apolitical process which accounts around two decades since it
began after EPRDF came to power. The country’s constitution declares multi-party system and
hence a lot of opponent political parties exist. Ethiopia engaged four general national wide
elections and other local elections in different terms as election for fulfillment. However no
election is done with digital technology that is reliable in the citizens/voters/. The country

engaged the past elections with the oldest paper ballot method.

There is need of a voting machine technology that facilitates counting of votes and a technology
that works both in urban and rural areas of the country with the alternative power sources. As
there is no electric in the rural areas of the country, the technology shall use solar as a power
source, which connected to rechargeable battery used to protect power interruption when electric
power goes off in urban areas and when the sun sets in the rural areas. There are two types of
“electronic voting” or “e-voting.” The first type is voting over the Internet, using (for example)
home computers. The second type is using electronic voting systems in “stand-alone” mode,
unconnected to any network. [1] This note focuses on the second type. Throughout this note, the

term “e-voting” means the second type of electronic voting machine.

Electronic voting machine has now replaced the traditional mechanism of voting due to several
advantages like security, automatic counting etc. This project presents a way to develop an
electronic voting machine which displays the count of votes on a 16x2 LCD interface. A user can
get his/her vote register through a set of switches (one for each candidate). After every cast of
vote, the subsequent count can be seen on LCD. The circuit uses PIC16F877A microcontroller
and the code for the project has been written in C. This LCD based electronic voting machine is
designed for four candidates uses PIC16F877. The input part consists of a set of six tactile
switches. The switches and 16x2 LCD are interfaced to microcontroller PIC16F877A for various

operations and displays. [2].


http://www.engineersgarage.com/content/lcd
http://www.engineersgarage.com/content/lcd

1.2. Statement of the problem

In line with the materials resource constraints as well as the backward process of voting using
paper and ink it is tedious to held voting. The quantity of paper to be used and voided,
unaccustomed trend for recycling used papers for further use and the ink to be consumed results
in worldwide extravagance of resources. So, it is better to have a solution which substitute these

resources thereby can be used repeatedly once it has been built.

In addition to this large number of people required to facilitate electoral process and it takes long

time during election in traditional voting system of Ethiopia.

A technology is needed to eliminate mistakes in counting votes of paper. Of course there are

other e voting technologies like through Ethernet but it is highly exposed for hacking.

The other problem is absence of power for electronic voting technology that can be applicable
both in urban and rural areas of Ethiopia and our project gives solution for power interruption
conditions. An alternative source of power in order not to be dependent only on ELPA/EEPCo is

very important by incorporating solar power and rechargeable battery sources.

1.3. Objective of the project
1.3.1 General Objective

This project aims to design and implementation of alternative power supply operating
electronic voting machine using PIC16F877A microcontroller having LCD display mechanism
for human interfacing.

1.3.2 Specific Objective

This project attempts to,

» To minimize high cost of paper and ink used for voting.

» To modernize the existing voting system of Ethiopia.

» To minimize voting time by letting voters to press a switch momentarily.

» To avoid manual counting of vote (no need of counting, it displays the number of
votes digitally).

» To reduce number of facilitators and transportation cost of materials in oldest
method of voting.

» To develop a voting machine used for both urban and rural areas which works by



alternative power sources i.e. AC sources, solar power and rechargeable battery and
» To supply Ethiopian market for the potential uses
1.4 Significance of the project
The significance of this specific project is for those who wish to held vote/choice/ among
alternatives/competitors/. The alternatives may be people, ideas, some groups or it may be
political parties. Its significance can be seen in terms of conserving disposable resources,
conserving time spend to put some marks over the paper using ink and counting votes, using
modern digital voting machine. The beneficiaries are;
+ Federal Electoral board

Kebele administrators election
Sport federations

Arts association

Religious organization leaders election

- & & &

In school college or university student representative election etc.

1.5 Scope of the project

The scope of this project covers the hardware design and programming of electronic voting
machine. The design work also includes an alternative and an integrated power supply circuit
design and programing using C- language. On the programming part, PIC Microcontroller is
used to integrate the hardware or model with the control algorithm developed. This project
prototype is used for four candidates who are competing to win and it is also possible to increase
the number of candidates by adding some components such as switches, micro-controller and

using of large size of LCD.



CHAPTER TWO
2. LITERATURE REVIEW

2.1 General description of voting system

People decide that who is going to do administration of government or who gets democratic
power through a process called “voting”. The voting is not a fresh idea rather it is as old as the
history of mankind. All over the history different methods and techniques of voting have been
adopted. The first ever vote in record took place in Rome in 139BC and used simple hand written
paper ballots. [3] This system was designed like all concerned parties acting as candidates as
well as voters that are polling the votes must be satisfied with the announcement of results after
elections have been conducted. Atmosphere of voting and conducting elections basically depends
upon the cultural values as well as political policies. Fundamental right to vote or simply voting
in elections forms the basis of Ethiopian democracy. In Ethiopian all earlier elections be it state
elections or center elections a voter used to cast his/her vote to his/her favorite candidate by
putting the stamp against his’/her name and then folding the ballot paper as per a prescribed
method before putting it in the Ballot box. This is a long, time-consuming process and very much

prone to error.

The major issue of traditional voting systems oscillates around the system of tallying. The main
problem of this system is dependable on manual procedure and for this reason has raised many
questions. [4]This situation continued until election scene was completely changed by electronic
voting machine. No more ballot paper, ballot boxes, stamping, etc. all this condensed into a
simple box called ballot unit of the electronic voting machine. Now the current voting system is

migrating from the conventional ballot papers and boxes to the micro-controller- based methods.

2.2 Overview of electronic voting system

Electronic voting machine has now days become an effective tool for voting. It ensures flawless
voting and thus has become more widespread. It ensures people about their vote being secured. It
avoids any kind of malpractice and invalid votes. Also such kind of system becomes more
economical as consequent expenditure incurred on manpower is saved. [5] It is also convenient
on the part of voter, as he has to just press one key whichever belongs to his candidates.

Electronic voting all seem to agree on two things:



¢ Internet voting does not meet the requirements for public elections

e Currently widely-deployed voting systems need improvement

In its essence, an electronic voting machine is a computer assisted self-interviewing device
(CASI) giving the voter the opportunity to review and change his/her votes before submitting it.
The different types of voting machines allow for different kinds of interaction, such as using a
touch screen technology, using a dial wheel, touching a paper panel, or pressing a button on an

LCD screen. [6]

voting machines are the total combination of mechanical, electromechanical, or electronic
equipment (including software, firmware, and documentation required to program control, and
support equipment), that is used to define ballots; to cast and count votes; to report or display
election results; and to maintain and produce any audit trail information. The first voting
machines were mechanical but it is increasingly more common to use electronic voting
machines. A voting system includes the practices and associated documentation used to identify
system components and versions of such components; to test the system during its development
and maintenance; to maintain records of system errors or defects; to determine specific changes
made after initial certification; and to make available any materials to the voter (such as notices,

instructions, forms, or paper ballots). [7]

Voting machines have different levels of usability, security, efficiency and accuracy. Certain
systems may be more or less accessible to all voters, or not accessible to those voters with certain

types of disabilities. They can also have an effect on the public’s ability to oversee elections.

2.3 Voting machine technologies
There are several technologies associated with electronic voting system. We are going to look at
it from two perspectives: voting over the Internet, using (for example) home computers and
electronic voting systems in “standalone” mode, unconnected to any network. [§8]

2.3.1 Voting over the internet, using (for example) home computers

Internet voting is an appealing concept to most voters, primarily for reasons of convenience
while appealing because of the attractiveness of technology. However, Internet voting is
fundamentally different from other types of online transactions such as banking or shopping. In

this Article, we describe some of Internet voting, the advantages and disadvantages from a



security and privacy perspective, and provide perspective on the history and evolution of the

field. [9]

The term “Internet voting” is used to cover a wide range of technologies. “Internet voting” to
refer to actions that are used by voters to obtain and potentially return marked ballots using the
Internet. The term “Internet voting” is used to refer both to the distribution of blank ballots
(printed) to voters via the Internet, through a website or via e-mail, and to the return of marked
ballots via the Internet, through a website, e-mail, or fax. Regardless of the acquisition cost of the
software and hardware, costs for Internet voting also include training staff to operate the system,
constant monitoring of the voting system for security and reliability issues, updating the software

to resolve problems found in operation, testing, maintaining and upgrading hardware, etc.
Online Voting System:

Online Voting System is the latest electronic voting system introduced. In which the voted ballot
is transmitted over the public internet through web browser [10]. The voter can directly vote
online from anywhere in the world. Security is the major issue in the Online Voting System. It is
very efficient and portable.
Advantages of Online Voting System
1. Portable: It is very much portable system as the system works on internet only the
internet supporting device is required.
2. Fast: It is very fast as compare to traditional paper ballet voting system. The voter doesn’t
need to wait in long queue for voting. He /She can cast their vote just on a single click.
3. Flexibility: As this system is functional on the internet that makes this system more
flexible to support variety of paper ballot question formats.
4. Mobility: This system gives the freedom of casting the vote from anywhere in country.
This is beneficial for the voters who are regularly out of station.
5. Reusability: The extent to which the existing application can be reused in new
application. The system can be reused a number of times without any technical

difficulties.



Disadvantages of Online Voting System
1. Complexity: The designing phase of this system is highly complex. As the system has
deal with large no of users and has to maintain huge database.
2. Security Issues: The whole system operates over the internet which makes the system
more complex and exposed for hacking.
3. High Expense: This system is very much costlier than the other systems because various

equipment and utilities are required to be purchased which are quite costlier.

2.3.2 Electronic voting systems in “standalone” mode, unconnected to any

network

A. Electronic Voting System using Fingerprint technologies
To overcome conventional voting system problems the use of fingerprint identification using
reliable biometric technologies. Use of biometrics in voting systems has been an acclaimed one

as fingerprints are unique to individuals. [11]

The field of biometrics was formed and has since expanded on to many types of physical
identification. Still, the human fingerprint remains a very common identifier and the biometric
method of choice among law enforcement [12]. These concepts of human identification have led
to the development of fingerprint scanners that serve to quickly identify individuals and assign
access privileges. Finger printing recognition, the electronic methods of recording and
recognizing an individual finger print, advanced substantially during the last decade of the 21th
century [13]. Today, identification can be achieved in a few seconds with reasonable accuracy.
As a result, the use of automated fingerprint Identification systems (AFIS) that record, store,
search, match and identify finger prints is rapidly expanding. AFIS can be integrated with a
microcontroller and other peripherals to form an embedded system which is a comprehensive

electronic voting machine with fingerprint print identification system. [14]

Generally fingerprint electronic machine uses equipment’s like fingerprint sensors, digital
camera, computer, software and experts needed to operate the system these makes the system

costly.



B. Electronic voting machine using ZIGBEE

Design and develop an electronic voting machine using ZIGBEE communication system for
sorting out the wired e-voting problems. Fingerprint technique is also used to design a secure e-
voting system. The design is based on the (ATMEGA328p) microcontroller, RS232 cable which
is used for interfacing between ZIGBEE and the microcontroller, Liquid Crystal Display (16X2)
for displaying the instruction, fingerprint sensor for scanning voter’s fingerprint before voting,
ZIGBEE transmitter, ZIGBEE receive, security alarm and visual basic for creating display page
in computer. Simulation is done using Proteus software, coding and the .hex file is generated for
microcontroller using Arduino software. Each voter can vote only once thus protecting the
identity of the voter in making the process unbiased and fair. Database comprising details of all
voters with their personal details and fingerprint are stored in microcontroller for comparing and

verification during polling. [15]

The author described use of fingerprint sensor for scanning voter’s fingerprint before voting,
ZIGBEE transmitter, ZIGBEE receive, security alarm and visual basic for creating display page

in computer makes the cost of these system very high so that it is not preferable for our country.

2.4 Conventional voting system of our country
These systems are not efficient as they are conducted manually and therefore very often are
not accurate. As a consequence, it is obligatory to carry the available voting through an
electronic system.
Traditional Voting System has the following defect:

1. Inaccurate due to human errors.

2. .Time consuming: This system is very much time consuming a. As only one person
can vote at a time and all the voters has to wait in the queue for their turn which in
turns increases the crowd at the polling stations.

3. Low Tally Speed: Once the voting schedule is over, the result of the election cannot
be declared immediately. All the ballot boxes are collected at a specific location and
then the counting of the votes is carried out which is very much time consuming.

4. Conventional voting systems are not efficient due too long period of preparation,

bogus voting, include papers, punch cards, mechanical levers, optical-scan machines .
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Would involve printing of huge volume of ballot paper.

6.  Manual counting of votes may require large manpower, time and possibly be prone to
human error.

7. Re-counting will be time consuming, particularly, when counting is done
immediately after the close of polls.

8. Segregation of invalid votes will be burdensome and may lead to disputes fights.

9. Manual voting may be prone to mal-practices and not tamper-proof.

10. Storage and distribution of ballot paper may require large manpower and security.

2.5 New Trends

Voting system has advanced technologically, ranging from mail to Electronic Voting System
using Fingerprint scanning and vote through internet. Now a day there are a variety of electronic
voting machines but one is costly and others does not consider the current situations of our
country from this two perspectives our project includes design of PIC microcontroller based

voting machine with alternative power supply circuit.

In our project there are two switches one for starting EVM another for ending the voting process.
A set of switches are provided through which a user can cast vote. After every cast of vote, the
subsequent count can be seen on the LCD display. The LCD and switches are controlled through
PIC16F877 microcontroller. In this machine we have the provision of casting votes for the
candidates has been provided through four of these switches. A candidate cast votes simply by

pressing a single push button makes voting system very easy.

In our project we select PIC microcontroller due to the following advantages:
e Small instruction set to learn
e Built-in oscillator with selectable speeds

e Easy entry level, in-circuit programming plus in-circuit debugging units available for
less than $50

e Inexpensive microcontrollers

e Wide range of interfaces including I?°C, SPI, USB, USART, A/D, programmable

comparators and Ethernet[16]

e Availability of processors in DIL package makes them easy to handle for hobby use.


http://en.wikipedia.org/wiki/I�C
http://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus
http://en.wikipedia.org/wiki/USB
http://en.wikipedia.org/wiki/Universal_asynchronous_receiver/transmitter
http://en.wikipedia.org/wiki/Analog-to-digital_converter
http://en.wikipedia.org/wiki/Dual_in-line_package

This design of Electronic Voting Machine will save considerable amount of time and manpower.

Thus, the proposed EVM system is more reliable, low cost and fast as compared to existing e-

voting system. At the end of the polling, just by pressing a button the results can be obtained. This

paper gives the complete design details of the building blocks of the entire system.

After comparing the above mentioned voting machine design of alternative power supply operating

voting machine should be implemented according to characteristic of Ethiopian electoral system.

This project has the following advantages:

1.

9.

Many electronic voting systems that have been proposed before contain the use of online
networking, and the risk of tampering of information through hacking posed a great
threat. [17]

The machine presented eliminates the use of a live network altogether, thus causing the
vote casted to be safe from any tampering [18].

All this condensed into a simple box called ballot unit of the electronic voting machine.
EVM is capable of saving considerable printing stationery and transport of large volumes
of electoral material.

It is easy to transport, store, and maintain.

It completely rules out the chance of invalid votes.

Use of EVM results in reduction of polling time, resulting in fewer problems in electoral
preparations, law and order candidates' expenditure, etc. and easy and accurate counting
without any mischief at the counting center.

It makes the process of counting of votes much faster than the conventional system.

It reduces to a great extent the quantity of paper used thus making the process of eco-
friendly (avoidance of spoilt ballot papers).

Reliable, user-friendly, portable, simple to operate and can be installed in a short time.

10. Re-usable by simply erasing votes recorded in earlier poll.

2.6. Power Circuit

i) Rectifier

In many power supply circuits, the bridge rectifier is used. The bridge rectifier produces almost

double the output voltage as a full wave center-tapped transformer rectifier using the same

secondary voltage. The advantage of using this circuit is that no center-tapped transformer is

required. [19]
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During the positive half cycle both D3 and D1 are forward biased. At the same time, both D2 and
D4 are reverse biased. Note the direction of current flow through the load. During the negative
half cycle D2 and D4 are forward biased and D1 and D3 are reverse biased.
i1) Filtering:
The output of the rectifier is pulsating DC. This pulsating DC is converted into pure DC using
filter. The filter used in this circuit is LC filter, but practically we won’t use inductor because it is
bulky. The value of capacitor depends upon the output voltage and output current.
iii) LM7805 IC Voltage Regulator

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. The AC power supply gets
converted into constant DC by this circuit. By the help of a voltage regulator DC, unregulated
output will be fixed to a constant voltage. The circuit is made up of linear voltage regulator 7805
along with capacitors and resistors with bridge rectifier made up from diodes. [19]
ICs regulator is mainly used in the circuit to maintain the exact voltage which is followed by the
power supply. A regulator is mainly employed with the capacitor connected in parallel to the
input terminal and the output terminal of the IC regulator. For the checking of alterations in the
input as well as in the output filter, capacitors are used. While the bypass capacitors are used to
check the small period spikes on the input and output level. Bypass capacitors are mainly of
small values that are used to bypass the small period pulses straightly into the Earth.
IV) DC-DC conversion
Solar energy
In today’s environmentally conscious climate there is more and more interest being taken
in alternative forms of power supply. Currently there are plans underway for a new
Engineering Building for the University, in which it is hoped that some of these
alternative and more environmentally friendly technologies may be incorporated. The
purpose of this project is investigate the feasibility of implementing a battery charging
which is powered by energy generated from solar panels that may be integrated in the input
side of filter circuit.[20]
This project involves designing a small scale voting machine charging system which is

powered via a solar panel and that is capable of charging batteries. The project also
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requires research into the different solar panels available for the small scale system being

designed, as well as into larger solar panels that may be implemented.

DC/DC converters/regulators form the Backbone of different portable electronic devices like
cellular phones, laptops, MP3 players which are using batteries as their power supply. Portable
devices usually comprise of several sub-circuits that should be supplied with different voltage
levels, which are not the same as battery’s voltage level which is the main supply voltage.
Employing DC/DC converters can be offered as a method to generate multiple voltage levels
from a single DC supply voltage to feed the different sub-circuits in the device. This method of
generating multiple voltage levels from a single battery source can reduce the device area
substantially. On the other hand DC voltage provided by battery or rectifier contains high voltage
ripples and it is not constant enough, thus it is not applicable for most devices. DC/DC regulators
are employed to attenuate the ripples regardless of change in the load current or input voltage
[20]
DC-DC Step-Down (Buck) Converter

Building a DC-DC Step-Down (Buck) Converter Circuit Using Positive Voltage Regulator
Voltage regulators are commonly found in the power supplies as they play a major role to
stabilize the output DC voltages. The operation of the voltage regulators basically by comparing
the actual output voltage with the internal fixed reference voltage and utilize the negative

feedback control loop in order to increase accuracy and reduce the error. [20]

The LM7805 is a positive voltage regulator that is made by Fairchild Semiconductor. It is a
positive linear voltage regulator with three terminal pins. Unlike switching voltage regulator,
positive linear voltage regulator only has the functionality of stepping-down (input voltage must
be greater than the output voltage). This particular voltage regulator has limiting output current,

short circuit and thermal shut down protection.
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CHATER THREE

3. METHODOLOGY

System block diagram design methods are necessary for successfully designing a complex
hardware. There may be specific tasks involved with system design. A system design of our
project typically consists of problem analysis, program design, program coding, program
debugging and testing the program with software designed circuit. Documentation taking place
in each critical activity. It consists about details what the program does and how it works. In the
above methods of the system design life cycle (SDLC), the system analysis a set of
specification’s indicating exactly what the new system should do and how it will do. These
specifications include data flow diagram, system flow charts, input and output designed, and so

on.

In this method of the SDLC, the specifications developed during the problem analysis step are
used to define a precise description of the nature of the required program. In this project there are
two main methods considered in designing the system. These are: Hardware and software design

method.

In hardware designing different types of the components can be selected according to their
specifications and connected to together to build the complete system. The complete system
circuit can be drawn using different circuit making software. In this project proteus8 ISIS

Professional is used to draw and to build the PCB of the system.

In software designing the control program can be written in micro ¢ pro for PIC using C-
Language. Then the entire program can be built and simulated on Proteus8 ISIS professional

window.
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Fig 3.1 General Block diagram of the System
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Fig 3.2 System block diagram with independent switch board

The system block diagram consists of Human interface, Switch board, PIC16F877A, Selector
switch, Rechargeable battery, Filter, Regulator, Solar panel, Ac mains, Buzzer&LCD display.
The input consists of six SPST switches: from these four are candidate switches are made active
high and connected to pins 0-3 (PO*1 — P3”4) of the controller. . The remaining two switches
(both active low) are to master and count the voting procedure. They are connected to pins 4 and
5 (P4”5and P576) respectively. The master switch initializes the voting system when pressed,

while the count switch ends the voting and displays the poll (election) results on LCD screen.

The switches and 16x2 LCD are interfaced to microcontroller PIC16F877Afor various
operations and displays. The micro controller PIC 16F877A interfaced to the LCD & the
candidate switch for various operations &display the message on the LCD. The output part
consists of LCD& Buzzer, the user votes for a candidate by pressing one of the switches the
value of the corresponding variable is increased by one. The power supply parts consist of solar
panel, AC main, Ac to Dc convertor circuit, Filter, Regulator& Rechargeable battery. Solar
panels generate free power from the sun by converting sunlight to electricity. Solar power system

consists of Solar Panels, a Power convertor, a Charge Controller, and Rechargeable Batteries.
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Solar panel is supplies the electricity & charges the batteries. Ac power can be converted in to
Dc using one of the power electronic converters called as Rectifier. There are different types of
rectifiers, such as half wave rectifier, full wave rectifier and bridge rectifier. Due to the
advantages of the bridge rectifier over the half and full wave rectifier, the bridge rectifier is
frequently used for converting AC to DC. DC can be filtered using a capacitor filter for
removing the ripples. DC voltage can be stepped down by using a DC step-down converter
called as voltage regulator IC7805. The first two digits ‘78 of IC7805 voltage regulator
represent positive series voltage regulators and the last two digits ‘05’ represents the output

voltage of the voltage regulator.

A Charge Controller is needed to prevent overcharging of the batteries. Proper charging will
prevent damage and increase the life and performance of the batteries. Rechargeable batteries
save money and resources and expected to continue growing with the increasing prevalence of
portable electronics, Appliances and tools. A battery is composed of one or more cells, either

parallel or series connected to obtain a required current/voltage capability.
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CHAPTER FOUR
4. DESIGN AND ANALYSIS

4.1. Design Method

Designing methods are techniques which make a system design simple by decomposing it. A
system can be design using either top-down or bottom-up design approaches for the purpose of

studying how well those component parts work and interact to accomplish their purpose.
4.1.1. Top-Down Decomposition

It is easier to understand the operation of the whole by looking at its pieces and their interactions.
We “divide” a system into subsystems and components in order to more easily “conquer” the
problem and build the larger system. This is a good strategy for constructing any kind of
complex system. The process of top-down decomposition starts with the description of a whole

system and replaces it with a series of smaller steps- each step is a more primitive subsystem.

Figure 4.1 shows the possible decompositions of the electronic voting machine system. It is
broken down into power supply subsystem, input subsystem, controller unit subsystem and
output unit subsystem. The power supply subsystem uses three alternatives of electric power
from solar, AC mains and rechargeable battery to enable the machine works both in urban and
rural as well as in dark/night/ time. The input subsystem allows the voters to cast their votes, to
initialize the machine and to compare and display results for. The controller is used to count and
display votes by preventing repeated touching of switches to avoid cheating. The output
subsystem is used to display the results, display instructions for the voters and examiners and

produces sound to note both voters and examiners.
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4.2. The design process

The design should follow known sequence of tasks to reach a successful result.

Design Concept

Initial power Initial controller
supply design design
N <
7|
Simulation Simulation

Redesign Redesign

N\

Correct Correct

design_ design

Successful Successful

design design

Fig 4.2 flow chart of the system design

The design comprises of power supply and vote controller system. The power supply is designed
from three alternatives of solar, mains AC and rechargeable battery. The solar is designed to
produce regulated 5Volts using LM7805 IC and the other supply from AC is designed to produce
5 Volts by using the same filter and regulator parts with solar after it has rectified. The
rechargeable battery is to be charged from solar or mains AC depending on the availability of the
power. The power supply is designed to supply the microcontroller from the available power

using selector switch. The microcontroller part of our project is designed to cast vote by pressing
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switch and to display results after pressing a stop switch. It starts accepting vote after pressing a

master switch.

4.3. Analysis

This project consists of alternative power supply system (solar power, mains AC and
rechargeable battery as power backup), input system (SPST switch for each candidate, master
switch and stop switch), controller (PIC16F877A microcontroller) and display system (LMO16L
LCD).

+ An integrated power supply is designed so that some portion of each source allowed
using common devices in order to be economic wise. Mains AC has to be rectified using
bridge rectifier and pulsating DC with some ripple will be produced. Now this output is
nearly similar with the power from solar. Hence the filter and regulator part of the power
supply is designed to serve for both sources since we use one of it at a time. The
rechargeable battery is to be charged from the output of this power supply system later
serves as power backup when electric goes off and the day time gets night. It is equipped
with selector switch to select the source at a time to prevent simultaneous connection of
the sources. The microcontroller is to be supplied from these alternative sources
depending on the place and time.

#+ The input system consists of tactile switch for each candidate to cast vote. The switches
are inputs of the controller to activate the controller to increase the value by one for each
touch. The functioning of these tactile switches are governed by the master switch after it
transmits signal for the controller, there by the controller allows the tactile switches. This
technique is used to prevent cheating by repeated touching by a single person. Stop
switch is also connected within the input pin of the controller to display numbers of votes
for the respective candidates.

+ The controller is responsible for receiving switches state and performing its activity by
fetching instructions from its ROM. The controller uses PIC 16F877 chip and the source
code is written using C language.

+ For this specific project LM016L LCD is used for four candidates with two lines and
each of capable of displaying sixteen characters. Hence instructions of the controller for

the voters and examiners and results will be displayed on it.
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4.4. Hardware subsystem design

Power supply
subsystem
V \ 4
Input Controller Output
subsystem subsystem |——— | subsystem

Figure 4.3.Electronicvoting machine subsystem block diagram

As shown in the above block the electronic voting machine is designed to be supplied with
alternative power source. The input systems are of SPST switches connected to microcontroller
directly. The control system is of control algorithm stored in the memory and control logic in the
processing unit. The output subsystem consists of LM016L. LCD and buzzer interfaced with
PIC16F877A controller. This chapter discusses details about hardware design.
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4.4.1. Power supply subsystem

Power supply is a reference to a source of electrical power. A device or system that supplies
electrical or other types of energy to an output load or group of loads is called a power supply
unit or PSU. The term is most commonly applied to electrical energy supplies, less often to
mechanical ones, and rarely to others. Here in our application we need a 5V & 6V DC power
supply for all electronics involved in our project. We use different power sources for this project
these are solar, mains AC and rechargeable battery. This requires step down transformer,
rectifier, voltage regulator, and filter circuit for generation of 5V & 6V DC power. Here a brief

description of all the components and design aspects are given as follows:
4.4.2 Design of power supply from Mains AC source

The input power supply applied to the circuit is from the regulated power supply which supplies
constant 5V to the microcontroller. The AC input of 230V from the mains supply is fed to the
step down transformer to step down the voltage to 12V which is supplied as input to the rectifier.
The output obtained from the rectifier is a pulsating DC voltage. Now in order to obtain pure
D.C voltage, the output voltage from the rectifier is fed to a filter to remove any A.C components
present even after rectification. This voltage is given to a voltage regulator (7805) to obtain a

pure constant 5V dc voltage.
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Fig 4.5. Block diagram of power supply
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4.4.2.1 Step down Transformer

Transformer is a device that transfers electrical energy from one circuit to another through
inductively coupled conductors -the transformer's coils or "windings". Except for air-core
transformers, the conductors are commonly wound around a single iron-rich core, or around
separate but magnetically coupled cores.

A varying current in the first or "primary” winding creates a varying magnetic field in the core
(or cores) of the transformer. This varying magnetic field induces a varying electromotive force

(EMF) or "voltage" in the "secondary" winding. This effect is called mutual induction.

Fig 4.6.transformer

If a load is connected to the secondary circuit, electric charge will flow in the secondary winding
of the transformer and transfer energy from the primary circuit to the load connected in the
secondary circuit.

The secondary induced voltage VS, of an ideal transformer, is scaled from the primary VP by a

factor equal to the ratio of the number of turns of wire in their respective windings:

Vs _ Ns

Ve Np

By appropriate selection of the numbers of turns, a transformer thus allows an alternating voltage

to be stepped up — by making NS more than NP — or stepped down, by making it.
BASIC PARTS OF A TRANSFORMER
In its most basic form a transformer consists of:
» A primary coil or winding.
» A secondary coil or winding.
» A core that supports the coils or windings.
Refer to the transformer circuit in figure as you read the following explanation: The primary

winding is connected to a 60-hertz ac voltage source. The magnetic field (flux) builds up
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(expands) and collapses (contracts) about the primary winding. The expanding and contracting
magnetic field around the primary winding cuts the secondary winding and induces an
alternating voltage into the winding. This voltage causes alternating current to flow through the
load. The voltage may be stepped up or down depending on the design of the primary and

secondary windings.

———

PRIMARY SECONDARY

Fig.4.7 Structure of transformer /www.electricicuit.com

4.4.2.2 Bridge rectifier

We designed rectifier circuit, using rectifier diode. The diode is a p-n junction device. Diode is the
component used to control the flow of the current in any one direction. The diode widely works in
forward bias. When the current flows from the P to N direction, then it is in forward bias. The Zener
diode is used in reverse bias function i.e. N to P direction. Visually the identification of the diode's
terminal can be done by identifying the silver/black line. The silver/black line is the negative terminal

(cathode) and the other terminal is the positive terminal (cathode).

Based on their application diodes are classified in to:

e Diodes: Rectification, free-wheeling, etc
e Zener diode: Voltage control, regulator etc
e  Tunnel diode: Control the current flow, snobbier circuit, etc
A bridge rectifier makes use of four diodes in a bridge arrangement to achieve full-wave

rectification. This is a widely used configuration, both with individual diodes wired as shown

and with single component bridges where the diode bridge is wired internally.
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Basic operation

According to the conventional model of current flow originally established by Benjamin Franklin
and still followed by most engineers today, current is assumed to flow through electrical
conductors from the positive to negative pole. In actuality, free electrons in a conductor nearly
always flow from the negative to the positive pole. In the vast majority of applications, however,
the actual direction of current flow is irrelevant. In the diagrams below, when the input
connected to the left corner of the diamond is positive, and the input connected the right corner is
negative, current flow from the upper supply terminal to the right along the red(positive) path to

the output ,and returns to the lower supply terminal via the blue (negative) path.

,\41

Fig 4.8 operation of bridge mode -1
When the input connected to the left corner is negative, and the input connected to the right

corner is positive, current flow from the lower supply terminal to the right along the red path to

the output, and returns to the upper supply terminal via the blue path.

L*)
",

~S i -

Fig 4.9 operation of bridge at mode -2

In each case, the upper right output remains positive and lower right output negative. Since this
is true whether the input is AC or DC, this circuit not only produces a DC output from an AC
input, it can also provide what is sometimes called "reverse polarity protection". That is, it
permits normal functioning of DC-powered equipment when batteries have been installed
backwards, or when the leads (wires) from a DC power source have been reversed, and protects

the equipment from potential damage caused by reverse polarity.
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4.4.2.3 Filter

The simple capacitor filter is the most basic type of power supply filter. The application of the
simple capacitor filter is very limited. It is sometimes used on extremely high-voltage, low-
current power supplies for cathode-ray and similar electron tubes, which require very little load
current from the supply. The capacitor filter is also used where the power-supply ripple
frequency is not critical; this frequency can be relatively high. The capacitor (C1) shown in

figure 4.10 is a simple filter connected across the output of the rectifier in parallel with the load.

T E;I |
oz | L

“ <l Im Ry

-

Fig.4.10 simple capacitor filter connected across the output of the rectifier in parallel with the
load

L
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v

Full-wave rectifier with a capacitor filter
When this filter is used, the RC charge time of the filter capacitor (C1) must be short and the RC

discharge time must be long to eliminate ripple action. In other words, the capacitor must charge
up fast, preferably with no discharge at all. Better filtering also results when the input frequency
is high; therefore, the full-wave rectifier output is easier to filter than that of the half-wave
rectifier because of its higher frequency. For you to have a better understanding of the effect that
filtering has on Eavg, a comparison of a rectifier circuit with a filter and one without a filter is
illustrated in views A and B of figure 4-10. The output waveforms in figure 4-10 represent the
unfiltered and filtered outputs of the half-wave rectifier circuit. Current pulses flow through the
load resistance (RL) each time a diode conducts. The dashed line indicates the average value of
output voltage. For the half-wave rectifier, Eavg is less than half (or approximately 0.318) of the
peak output voltage. This value is still much less than that of the applied voltage. With no
capacitor connected across the output of the rectifier circuit, the waveform in view A has a large
pulsating component (ripple) compared with the average or dc component. When a capacitor is
connected across the output (view B), the average value of output voltage (Eavg) is increased

due to the filtering action of capacitor C1.
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Fig 4.11 Half-wave rectifier with and without filtering

Doubling the frequency of the rectifier, you reduce the impedance of the capacitor by one-half.
This allows the ac component to pass through the capacitor more easily. As a result, a full
rectifier output is much easier to filter than that of a half-wave rectifier. Remember, the smaller

the Xc of the filter capacitor with respect to the load resistance, the better the filtering action.

-t
2niC

Since the largest possible capacitor will provide the best filtering. Remember, also, that the load
resistance is an important consideration. If load resistance is made small, the load current
increases, and the average value of output voltage (Eavg) decreases. The RC discharge time
constant is a direct function of the value of the load resistance; therefore, the rate of capacitor
voltage discharge is a direct function of the current through the load. The greater the load
current, the more rapid the discharge of the capacitor, and the lower the average value of output
voltage. For this reason, the simple capacitive filter is seldom used with rectifier circuits that
must supply a relatively large load current. Using the simple capacitive filter in conjunction with
a full-wave or bridge rectifier provides improved filtering because the increased ripple frequency

decreases the capacitive reactance of the filter capacitor. To determine filter capacitor:
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C=5*Ip

Vp*f
Where;-
Vp=peak voltage (Vp=Vrms*V2)=10.6%1.42=15V
f=frequency
Io=load current
Vrms=10.6v
We use microcontroller, LCD, battery as a load and the total circuit load current from the data
sheet will be (Io=650mA).

C=5*650*10"A=0.22 uF
15v*100hz
Alternatively we can determine the capacitance of filter capacitor as follow.
The charge Q (coulombs) removed from the capacitor is Q=I*there I is the current and t is time.
Q=C*AV
So C*AV=Q=I*t
Rearranging the above equation, it gives C=I*t/AV

4.4.2.4 Bypass capacitor

We use bypass in our power supply circuit. Bypass capacitor is a capacitor that shorts AC signal
to ground, so that any AC noise that maybe present on a DC signal is removed, producing a
much cleaner and pure DC signal. A capacitor is a device that forces a tremendously high
resistance for a signal of low frequencies. Therefore, signal at low frequency will not go through
them. This is because signals (current) always takes the path of least resistance .finally a bypass
capacitor block the DC from entering it by the greet resistance it offers to the signal but accepts
the AC noise that may be on the DC line and shunts or bypasses it to ground .Based on the

general formula we used 22uF electro-light capacitor for our power supply circuit.

4.4.2.5 Voltage regulator

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. The AC power supply gets
converted into constant DC by this circuit. By the help of a voltage regulator DC, unregulated
output will be fixed to a constant voltage. The circuit is made up of linear voltage regulator 7805

along with capacitors and resistors with bridge rectifier made up from diodes.
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LM7805 voltage regulator

Fig 4.12 Voltage regulator

REGULATOR IC (78XX)

It is a three pin IC used as a voltage regulator. It converts unregulated DC current into regulated
DC current. Normally we get fixed output by connecting the voltage regulator at the output of
the filtered DC (see in above diagram).

There are two types of voltage regulators.

1. Fixed voltage regulators (78xx, 79xx)
2. Variable voltage regulators (LM317)
Fixed voltage regulators are also there is another classification:
1. +ve voltage regulators
2. -ve voltage regulators

Positive voltage regulators
This includes 78xx voltage regulators. The most commonly used ones are 7805 and 7812.7805

gives fixed 5V DC voltage if input voltage is in (7.5V, 20V).
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4.4.3 Schematic circuit diagram of Ac to Dc converter

The schematic circuit below shows the design details of power supply from mains AC to the
loads. Since our power supply is integrated, we talked similarly in different places; however each
type of source has to be studied independently. Accordingly, our design of the filter and
regulator as well as design preconditions is the same, so we applied the same rule and formula to
determine such sections. All design procedures and methods applied to solar also used for mains

AC except that of transforming it and rectification.
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Fig 4.13 Circuit design from AC source to the loads and charging the battery

First we selected 12V step down transformer so that our need is low voltage application and our
standing point is the output, i.e. our need is 5V & 6V dc. Next to produce these voltages, we
selected voltage regulators of LM7805 & LM317. In this case the input voltage ranges of the
regulators were important to determine the secondary output of the transformer. By this analogy,
the output of the rectifier must be within the above range. Note that we used schottky diode
whose drop is 0.7V. Since two diodes work simultaneously a total of 1.4V will be dropped.

Therefore, the secondary output voltage of the transformer must satisfy the working range of the
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regulators and the dropped voltage values in the rectifier. It is known that this source is used to

feed the loads directly and to charge the battery, so it incorporates two regulators of having 5V &

Zener diode: To
cut off charging
after battery
reaches saturation

6V.
4.4.4. Solar power supply design
SOLAR PANEL, ,\J
10W, L2y, , Lead acid
362X163X8mm Fixed Regulator .
Power Rating: 5\ S battery; 6v,
Power Voltage Max: SAh
1y constant voltage
Currentat P Max: chargingfor the
290mA bot
Open Circuit Voltage: attery
25\' * > LCD & buzzer
Short Circuit Current: /
320mA ) /\
Microcontroller
;/N )/ | piettsfsn |\

T

SPST switches

Fig 4.14 Brief description of solar power supply circuit as follows:
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Photovoltaic cell

The term "photovoltaic" comes from the Greek (photo) meaning "light", and "voltaic", meaning
electric, from the name of the Italian physicist “VOLTA “after whom a unit of electro-motive

force, the volt is named.

The term "photo-voltaic" has been in use in English since 1849.The sun is a star made up of

hydrogen and helium gas and it radiates an enormous amount of energy.

Principle of PV cell

Solar cell works on the principle of photovoltaic effect. Sunlight is composed of photons, or
"packets" of energy. These photons contain various amounts of energy corresponding to the
different wavelengths of light. When photons strike a solar cell, they may be reflected or
absorbed, or they may pass right through. When a photon is absorbed, the energy of the photon is
transferred to an electron in an atom of the cell (which is actually a semiconductor). With its new
found energy, the electron is able to escape from its normal position associated with that atom to

become part of the current in an electrical circuit every second and it is clean.

Load

Sunlight

Electron
Flow Photons
\ p—
B = ey peUn
!
E .oc ‘0‘ )\ silicon l silicon
Junction
“"Hole"™
i Solar Panel

Diagram

Fig 4.15.principle of PV cell
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4.4.5. Final solar power supply circuit design

As shown in the circuit diagram below, the solar power is designed to supply different loads in
our project. It is used to charge the battery, to supply the controller, inputs and outputs. Our
selection criteria for the panel is the total circuit loads which consists of charging battery,
microcontroller, output devices and input devices which is around 650mA. The other selection
criterion for the panel is the regulators working range. As described earlier our regulators work
on the ranges of 7V to 35V. In our design we allowed the solar through common filter and

regulator with mains AC. Therefore the same design and analysis also works for the solar.
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Fig 4.16. The solar panel and associated circuit to convert voltage level to suit the loads

4.4.6 Design of battery charge regulator

Here a battery charger circuit below is used to charge lead acid or Ni-Cd battery using solar and
AC energy power. The circuit harvests both solar and AC energy to charge our 6 volt 4.5Ah
rechargeable battery for our voting machine. The below circuit has voltage and current regulation

and over voltage cut-off facilities.
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The circuit uses a 12V solar, 12V after bridge rectifier from AC circuit and variable voltage

regulator IC LM317.

12 volt DC is available from the panel to charge the battery. Charging current passes through D3
to the voltage regulator IC LM317.Resistor R3 restrict the charging current and D2 to prevent
discharge of current from the battery.

Transistor Q1 and zener diode ZD act as a cut-off switch when the battery is full. Normally Q1 is
off and battery gates charging current. When the terminal voltage of the battery rises above 6v.
Zener conducts and provides base current to Q1. It then turns on grounding the output of LM317

to stop charging.
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Fig 4.17 circuit design showing battery charger with cut off.

4.4.6.1 Rechargeable battery

In systems that utilize solar panels as the source of energy it is recommended to employ some
sort of storage device. A storage device can prove very useful as it can store any unused energy
generated by the solar panel throughout the day and, in turn, this store energy can be used to
power a system when no sunlight is available to the solar panel, thus making the system more
practical. The most realistic choice for this storage device is a backup battery. There are many

different backup batteries available on the market today, with various different battery
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chemistries. A number of battery chemistries that were researched for use in this project are
discussed below, highlighting the advantages and disadvantages of each. Before that, let’s see the
design aspect of the battery power source in general. The following schematic circuit taken from
protues8 shows the detailed circuit design of the rechargeable battery, the charge controller and

the loads connection with the integrated power supply system.

4.4.6.2 Types of rechargeable battery

Lead Acid Batteries

Lead acid batteries are the oldest rechargeable batteries in existence. They are Inexpensive,
reliable and widely used today. However, they are quite heavy and for a system like this storage
may be a problem. Also charging times can be quite slow. Overall, lead acid batteries are more
appropriate for larger power applications.

Nickel Cadmium (NiCad)

Nickel-Cadmium batteries have a long shelf life; they can be left to store energy for up to five
years in some cases. They have other advantages as well, they prefer fast charging and work well
under rigorous conditions, as well as having quite a high efficiency at 70%- 90%. However, they
have a relatively low energy to weight ratio and can suffer from memory effect. Memory effect
is a phenomenon observed in some rechargeable batteries, namely those with nickel-cadmium
chemistries. It occurs when the rechargeable battery is repeatedly recharged without being fully
discharged. This causes the battery to lose the capacity it originally had, and the performance of
the battery is significantly lowered.

Nickel- Metal —Hydride(Ni-IMh)

Ni-Mh based battery cells have a larger capacity then the Ni-Cad batteries, so they are lighter,
and are less prone to the memory effect described above. However, they can be expensive and
have a relatively short storage life with a high self-discharge rate, making them less efficient.
Lithium-ion(Li-ion)

Li-ion performs the most efficiently out of all the battery chemistries discussed, with efficiencies
of up to 99.9%. It also has the best weight to ratio, weighing about half that of a Ni-Cad or NI-
Mh cell of the same capacity, making the batteries light and easy to to store. The average voltage
of a Li-ion cell (3.6v- 3.7v) means one cell would be required for use in charging most mobile

phones, compared to 3 Ni-Cad or Ni-MH batteries atl.2v each. Li-ion cells also relatively good
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life cycle, as shown in Figure.4.22Taking all of its advantages into account, it was decided that a
Li-ion backup battery would be the most suitable for this system.

Typical Li-ion Life Cycle Characteristics
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Figure 4.18 Li-ion life cycle
Li-ion Typical Charge Characteristic
45 i
z
E
42 ossssssssssfaassa 100 s
= 2
s Capacity ¥
g 39 Ll v o v o TR endenspemesees 1 S eperaeaen [SUpeR——| 75
o
=
S
2 36 prascsnsasasadlessssascssllcsnasssnsassasassfaasassasasasnsafiaassanaasansa 50
[}
Current
33 I EEEEREEREERE [N I EERERER EREEEENEEREEEE] EEEREEEERERENENR] 25
3

0 0.5 1 1.5 2 2.5

Charge Time (Hrs)

Figure 4.19 Charging profile for Li-ion
4.4.7 Final power supply schematic circuit diagram design

The schematic diagram shown in below is the integrated power supply composed of three
sources. It is designed in such a way that our total circuit load is determined from all the loads i.e
the input switches, microcontroller, LCD, buzzer and rechargeable battery. Hence the total load
current is 650mA. This value is taken from the data sheet of the devices. In our design we used

voltage regulators of LM7805, LM7806 & LM317. The mains AC after it has transferred to
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lower potential level (12V) and rectified, we allowed it to use the same filter and regulator with
solar power source. As a result our capacitor for filtering is determined from the total load
current, peak voltage value of the rectifier and frequency. The frequency is now doubled due to

rectifier, i.e. 100 Hz. C=5*Io/Vp*f.

Now both solar power and mains AC after some process they are allowed to pass through LM
7805 and the output of the regulator is used for direct supply of the loads and to charge the
battery. We used 6V rechargeable battery and hence LM7806 is selected to feed the battery. The
capacity of the battery is 650mAh and it is also protected from over charging by using 6v, 2A

zener diode.
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Fig 4.20 complete design of power supply circuit diagram

The output of the battery must be regulated using LM317 voltage regulator due to its feature of
being adjustable. We did not use LM 7805 regulator due to its limitation of working or regulating
range i.e. it regulates for the input voltage range of 7V to 35V. This is because our battery output
is 6V. One advantage of LM 317 is its adjustability by using voltage divider resistors. Note that

we used selector switches at two points, i.e. where solar source and mains AC are selectively
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connected to filter and the second one is where output of rechargeable battery and solar/mains

AC are selectively used based on the availability of the sources.

As shown in the circuit above, the battery is to be charged from one of among solar and mains
AC at a time on the availability of the type of source. To do this, there is a selector switch to
select one of it at a time. The battery we used is to be charged with 6V and hence we used
LM317 voltage regulator. As explained above the battery is equipped by charge controller using
zener diode. The battery outputs 6Vdc and this voltage must be converted to 5V using
LM317adjustable voltage regulator. We determine the values of resistors for voltage divider

using the following formula.

R2
VO=1 '25(1+H)’ where VO is the output voltage; R1 & R2 are voltage divider resistors.

4.8. Input subsystem

Fig. 4.21 control switches
There are three control switches: 1. Clear Votes. II. Controller switch. III. Total Votes

We used four SPST switches for candidates (these are active high) and also two active low SPST
switches for control purpose i.e. master and count button. Two selector switches also used for
selecting input power from solar ,mains AC and battery.

The switches are connected to the LCD and are controlled by microcontroller. Here, the switches
are used to cast vote. Besides every switch the name of the candidate is printed so that the voter
can choose their candidate and by pressing the switch can cast the vote to their respective
candidates.

4.9. The control subsystem

A control unit in general is a central part of the machinery that controls its operation, provided

that a piece of machinery is complex and organized enough to contain any such unit.
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One domain in which the term is specifically used is the area of computer design. In this work

Microcontroller PIC16F877 is used as the controller unit which controls the sensed signal.

A single highly integrated chip that contains all the components comprising a controller.
Typically this includes a CPU, RAM, some form of ROM, I/O ports, and timers. Unlike a
general-purpose computer, which also includes all of these components, a microcontroller is
designed for a very specific task -- to control a particular system. As a result, the parts can be
simplified and reduced, which cuts down on production costs. Microcontrollers are sometimes
called embedded microcontrollers, which just mean that they are part of an embedded system

that is, one part of a larger device or system.
4.9.1 Overview of PIC 16F877

PIC 16F877 is one of the most advanced microcontroller from Microchip. This controller is
widely used for experimental and modern applications because of its low price, wide range of
applications, high quality, and ease of availability. It is ideal for applications such as machine
control applications, measurement devices, study purpose, and so on. The PIC 16F877 features
all the components which modern microcontrollers normally have. The figure of a PIC16F877

chip is shown below.

Fig 4.22 Features of PIC16F877

The PIC16FXX series has more advanced and developed features when compared to its previous
series. The important features of PIC16F877 series is given below.

General Features

» High performance CPU.

» ONLY 35 simple word instructions.

»  All single cycle instructions except for program branches which are two cycles.
»  Operating speed: clock input (200MHz), instruction cycle (200nS).
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VVVYVYVVVYYYYVYYVY

Up to 368x8bit of RAM (data memory), 256x8 of EEPROM (data memory), 8kx14 of
flash memory.
Pin out compatible to PIC 16C74B, PIC 16C76, PIC 16C77.
Eight level deep hardware stack.
Interrupt capability (up to 14 sources).
Different types of addressing modes (direct, Indirect, relative addressing modes).
Power on Reset (POR).
Low power- high speed EEPROM.
Fully static design.
Wide operating voltage range (2.0 — 5.56)volts.
High sink/source current (25mA).
Commercial, industrial and extended temperature ranges.
Low power consumption (<0.6mA typical @3v-4MHz, 20uA typical @3v-32MHz and
<1 A typical standby).

Peripheral Features

VVVYVYVYVY

>
>

Timer 0: 8 bit timer/counter with pre-scalar.

Timer 1:16 bit timer/counter with pre-scalar.

Timer 2: 8 bit timer/counter with 8 bit period registers with pre-scalar and post-scalar.
Two Capture (16bit/12.5nS), Compare (16 bit/200nS), Pulse Width Modules (10bit).
10bit multi-channel A/D converter

Synchronous Serial Port (SSP) with SPI (master code) and I12C (master/slave).
Universal Synchronous Asynchronous Receiver Transmitter (USART) with 9 bit address
detection.

Parallel Slave Port (PSP) 8 bit wide with external RD, WR and CS controls (40/46pin).
Brown Out circuitry for Brown-Out Reset (BOR).

Key Features

A\

VVVYVVYVVYVY

Maximum operating frequency is 20MHz.
Flash program memory (14 bit words), 8KB.
Data memory (bytes) is 368.
EEPROM data memory (bytes) is 256.
5 input/output ports.

3 timers.
2 CCP modules.

2 serial communication ports .

PSP parallel communication port
10bit A/D module (8 channels)
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Analog Features

» 10bit, up to 8 channel A/D converter.

>

Brown Out Reset function.

» Analog comparator module.

Special Features

>

VVVYVYVYVY

>

100000 times erase/write cycle enhanced memory.

1000000 times erase/write cycle data EEPROM memory.
Self-programmable under software control.

In-circuit serial programming and in-circuit debugging capability.
Single 5V,DC supply for circuit serial programming
WDT with its own RC oscillator for reliable operation.
Programmable code protection.
Power saving sleep modes.

Selectable oscillator options.

Pin Diagrams

PIC16F877 chip is available in different types of packages. According to the type of applications
and usage, these packages are differentiated. The pin diagram of a PIC16F877 chip in different
packages is shown in the Appendix-A

4.10 Output subsystem

4.10.1 Lm0161 LCD Display

A‘JKAALL

Fig4.23 LMO16L LCD DISPLAY

Display device shown the result of the measuring instrument. Liquid Crystal Display and

Security Alarm LCD screen (16X2) functions as interface between the user and microcontroller.

The main function of the LCD is to display the instruction “what the voter has to do after what”.
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If the voter tries to vote twice then it will display “Buzzer ring”. After completion of correct
voting process by the voter immediately back to initial step “Welcome press button cast your

vote”.

An LCD is a small low cost display. It is easy to interface with a micro-controller because of an
embedded controller (the black blob on the back of the board). This controller is standard across
many displays which mean many micro-controllers have libraries that make displaying messages

as easy as a single line of code.
4.10.2 Buzzer

A buzzer is provided for audio effect of switch bounce. Whenever a switch is bounced, the
system acknowledges the bounce by a short beep sound. This buzzer is driven by an NPN

transistor. If voter tried to multiple polling a long beep sound is generated.

1
B uUU_-~=1
—ﬁze (=3
Fig 4.24 buzzer

4.11. The Software subsystem design

The control algorithm helps in writing source code by defining the sequence of operations. It also
helps to select the appropriate instruction sets for the corresponding actions the controller should

act. The decision and process of the action can be well defined in control algorithm.
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The source code was developed after the above algorithm has been developed. Code
development starts by interfacing the PIC with the LCD. This is accomplished by defining output
ports of the PIC and declaring LCD pins. The direction of each register bit of selected output port
has been directed to the respective LCD pins and it enables initializing of the LCD. Then the

cursor must be cleared, thereby text will be displayed later.

Instruction which lets the voters as well as the authorized body to take some action must be
displayed. In this case the LCD displays “press button to cast vote”. After this the controller
waits the masters switch and it makes decision. If it is not activated it branches to the LCD to
display “press button to cast vote” again. It must display “candidates’ name” and their symbol.
Then it waits for the candidates switches being pressed. If it is pressed repeatedly the controller
lets the buzzer to ring and it must be loop to the display “press button to cast vote”, On the other
hand it must increase the value by one. Again the controller waits for the count button state. If it

is pressed it must display result and if not it loops back to “press button to cast vote”.

Protues8

It is very famous software in electrical, electronics, computer and telecom engineering students
for simulation of electrical, electronics and microcontrollers based circuits. Proteus is simulation
software for electric circuits provided by Lab center electronics. Proteus provides thee type of
platforms for simulation and designing of electric circuits. Main platform of Proteus is intelligent
schematic input system (ISIS). ISIS is used for simulation of electrical, electronics, embedded
system and microcontrollers based circuits. Proteus VSM is complete software to learn
microcontrollers. Proteus 8.0 is a Virtual System Modeling (VSM) that combines circuit simulation,
animated components and microprocessor models to co-simulate the complete microcontroller based
designs. This is the perfect tool for engineers to test their microcontroller designs before constructing
a physical prototype in real time. This program allows users to interact with the design using on-

screen indicators and/or LED and LCD displays and, if attached to the PC, switches and buttons.

Procedures to work on protues-8 window

The Home Page is a new application module in Proteus 8 which makes it easy to get started with

a project and also performs some system tasks.
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The Start Panel on the screen control project opening and creation while the News Panel includes

general information, integrated update manager and crash dump reporting.
Opening, Creating & Importing Projects

In Proteus 8, the relationship between Schematic Design and PCB Layout involves a shared
database and is far more integrated. We therefore have a single project file rather than separate
design and layout files. You can create a new project or import a legacy schematic/layout via the

options on the home page.
Opening Projects

Existing projects can be opened via the button on the home page or, in the case of recent

projects, directly from the recent projects list.

Finally, you can browse and open our extensive sample design libraries via the Open Sample

button at the right of the Start Panel.

Creating New Projects

This wizard guides you through the setup of your next Proteus 8 project. There is a start page in
which you specify the project name and destination directory and then potentially three main
screens for schematic, PCB and firmware.

Schematic

If you are creating a schematic check the box at the top of the screen and then select the template
on which you want to base the schematic. Those provided by Labcenter basically contain
different sizes of work area, although you can customize and save your own templates from
within the schematic capture module.

PCB Layout

If you are creating a PCB check the box at the top of the screen and select from the available
templates. PCB templates contain pre-defined board edges, mounting holes and a full set of
technology data (design rules, layers in use, default units, etc.) As with schematic, you can
customize and save your own templates from within the PCB layout module.

Micro ¢ PRO for PIC

The micro C PRO for PIC is a powerful, feature-rich development tool for PIC microcontrollers.

It is designed to provide the programmer with the easiest possible solution to developing
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applications for embedded systems, without compromising performance or control .micro C

PRO for PIC IDE.

MikroC is a C Compiler for PIC as well as some other microcontroller. It has large precompiled
library to be used in accessing the peripheral that are connected the PIC microcontroller. MikroC
has an independent IDE which doesn’t need to be plugged in to MPLAB. In addition, MikroC
IDE has numerous tools such as ASCII chart, EEPROM Editor and UART Terminal etc.

The C programing language

The C programming language is a general-purpose,at was originally developed by Dennis M.
Ritchie to develop the UNIX operating system at Bell Labs. C was originally first implemented
on the DEC PDP-11 computer in 1972.

In 1978, Brian Kernighan and Dennis Ritchie produced the first publicly available description of
C, now known as the K&R standard.

The UNIX operating system, the C compiler, and essentially all UNIX applications programs
have been written in C. The C has now become a widely used professional language for various
reasons.

"1 Easy to learn

) Structured language

] It produces efficient programs.

"1 It can handle low-level activities.

"1 It can be compiled on a variety of computer platforms.

C was initially used for system development work, in particular the programs that make up the
operating system. C was adopted as a system development language because it produces code
that runs nearly as fast as code written in assembly language. Some examples of the use of C
might be:

"1 Operating Systems
1 Language Compilers
1 Assemblers

] Text Editors

) Print Spoolers

1 Network Drivers

"1 Modern Programs
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[1 Databases

] Language Interpreters
The C Compiler

The source code written in source file is the human readable source for your program. It needs to
be "compiled", to turn into machine language so that your CPU can actually execute the program
as per instructions given.

This C programming language compiler will be used to compile your source code into final

executable program.
4.12 System Implementation

4.12.1 Hardware Subsystem Implementation

As it is composed of from different functioning blocks of input system, controller, output system
and power supply, bottom-up approach is used. Each sub system is implemented and developed
and then its functioning was checked independently. The overall project functionality is the sum
total functioning of each sub system.

It was checked using software (Protues8, ISIS) before we go to implement the project hardware.
ISIS tool of Protues8 software is used to check the implementation before we go to implement
practically. The software library is enrich with electrical and electronics components and ranges
to different microcontroller families. Hence it enables us to check circuit performance and
outputs. Each subsystem and the entire project are tested by simulation using this wonderful
Protues8 software. In order to reduce construction errors, the final circuitry was done using
another CAD software tool Proteus ARES, which guided in the production of all the tracks
(signal lines) linking one pin to the other. The CAD tool makes it possible to easily layout the
various components on board. Hence the components layout was properly positioned; each
component before they are linked to one another by the traces.

Once the schematic of the project has developed the next procedure was developing PCB layout
using ARESS tool of Protues. Of course our project is constructed on PCB.

but we used ARESS to assist the assembly of the circuit. Before we assemble the circuit we
tested each component for their functionality. The final circuit was implemented after we tested
using bread-board. The bread-board allowed us to assemble the circuit and test it with no need of
soldering it. We can change and move each component freely so that no device is being broken.

As the project constructed on bread-board was successful, we transferred to the real read-made
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circuit board. It was accomplished by soldering using lead permanently. As the PIC is highly
sensitive for heat, we used and soldered IC socket (holder) instead of it so that the controller can
be plugged in the socket (holder). The other main advantage of using this socket is to take out the
controller for repeated use i.e. to erase and reload the program.

The overall circuit diagram of the project and the circuit of the power supply system as well as
the EVM are given in the following circuit diagram taken from the simulation snapshot. Refer
appendix c.

The power supply subsystem is implemented so that both power from the solar panel and output
of the mains AC after it is rectified are allowed to pass through or allowed to use the same circuit
to be filtered and regulated. It incorporates a selector switch to allow only one source at a time to
serve as source of electric power. As the project is designed so that it works everywhere and at
any time it also has a buck up battery. This battery is to be charged from the output of the solar
and mains AC after they are filtered and regulated. The output of the solar power supply and
mains AC supply after it is converted to DC is connected to the PIC, LCD, buzzer, tactile
switches and to charge the battery. Again the rechargeable battery is used to supply the all

components of the project as the two power sources did.

4.12.2 Software Implementation

In this section we try to describe how the control system is implemented in software and
programing microcontroller using microC. The overall control system designed by protues ISIS
professional microcontroller programing. The code for the microcontroller is written in C-
language. A software package called microC was used. It provides a full development
environment and includes a compiler for the PIC16F877A. The development of firmware
involved many stages of testing and debugging. As section of the code were written, programed
into the microcontroller and tested to ensure they worked properly. A fully commented program
listing of micro programing is found in appendix B.

When we write in the embedded C-code, first we interfaced LCD with PIC16F877A
microcontroller. After interfacing LCD with PIC microcontroller, then we initialized theLCD.
After initialization clear display and cursor off, on our LCD screen. then we want to give some
initial instruction for voters, so that it displays’” welcome press button *’on the first row of our

LCD screen and also write text’ "cast your vote’” on the second row of our LCD screen. These
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are the initial instructions for voters, after pressing master button the candidates’ name will
displayed on the screen of LCD. We used active high switches for each candidate, so the voter
press one button at a time for single vote, after pressing single voting switch automatically then
the system ready for next voting but you must press master button.

The method of transferring our compiled .HEX (machine code) file to the memory of
microcontroller using microcontroller burning software is called burning or programming of a
microcontroller. Once a program is burned into the memory of the microcontroller, it then works

with respect to the program logic.

We used ‘Mikro C’ compiler which provides an environment to develop embedded program,
test, debug and build. Hex for the microcontroller. ‘Mikro C Pro’ is the best microcontroller
software for PIC family. The advantage of ‘Mikro C’ is that it has so many inbuilt functions to
perform different tasks along with microcontroller programming software (Boot loader- burning
tool or burning software). It is the better Integrated Development Environment (IDE) for PIC
family of microcontrollers and allows C language for code development. Finally the compiler

converts the embedded C codes into .HEX file
Tools we used to burn/ program a PIC Microcontroller

1. PIC programmer (burner) or development board
2. Serial port cable

3. Microcontroller burning software Boot loader in ‘Mikro C*

Burn PIC Microcontroller

e Our aim is to transfer our .HEX file to the memory of PIC microcontroller.

e The burner and the dedicated software perform the function of transferring .HEX file into
the PIC.

e The burner is connected to the PC via a serial port cable.
e ‘Mikro C’ has inbuilt ‘boot loader’ tool to burn our PIC microcontroller.
e We Connected our PIC programmer to the PC and navigate to Tools>>mikroBootloader

in Mikro C, then a Bootloader window will appear.

51



Export Code To HTML
~ GLCD Bitmap Editor
HID Terminal

upt

Step-1

There is ‘Setup Port’ button on the left top corner. Since we used PC and serial port cable we
select ‘COMI.

Setup COM Port: corma
port Baud Rate: 115200

£ o connect

Choose Browse
HEX file for HEX

Begin
. uploading

Step-2

Select the same port from the port setup window after setting the specific port and click the OK

button.
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Now by clicking on ‘Connect’ button, a message will appear in the ‘History window’ box with

“Waiting PIC response; Disconnected”. Then ‘Reset‘to get connected.

Step-3

On development board or PIC burner press the ‘Reset’ button of PIC. Then rapidly click the

connect button in the mikroBootloader window.
Then “Connected” in the history window is displayed.

Now click on ‘Open HEX file’ button and select the .HEX file that you had built in the folder
(project directory) before.

Then click on ‘Start Bootloader’ button to burn the PIC microcontroller.The burning process

via the ‘Terminal window’ displayed.

After the burning process a message box will appear saying “Reset PIC”. Click OK and

now PIC microcontroller burning is finished.
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4.12.3 Working principle of electronic voting machine
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Fig.4.27 working principles of software implementation
In above circuit diagrams you see that four numbers of push button are used for voting four
candidates. One master button is there which ensure that any voter can vote one candidate at a
time. When a voter wants to cast his vote master Switch has to be press to active the system and
when voter press any push button to vote, the system will deactivated. Then any button will not

work until master button is being pressed again. There is a count button and when we press it the

result will displayed.
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CHAPTER FIVE

S. RESULT AND CONCLUSION

5.1 Conclusion

This project aimed to avoid the backward traditional voting system of our country using electronic voting
machine. In addition to design of electronic voting machine this project basically includes design of
alternative power supply to which the machine operates. The design begins from initial ideal stage to final
circuit assembly in sequence. By implementing the prototype of the system from the simulation is
possible to avoid problems occurred before using of traditional voting system and we have successfully

gets the result as showed in CHAPTER 4.

There are a number of problems in conventional systems like requirement of large number of
people to facilitate election, high cost of paper and ink, Inaccurate due to human errors, time
consuming and etc. we develop and implement electronic voting machine which totally replace
traditional system. Since most people of Ethiopia live in rural parts of the country to use the

machine solar energy and rechargeable battery which solves interruption of power.

Using of this electronic voting machine the provision of casting votes for the candidates has
been provided through switches. As soon as the user votes for a candidate by pressing one of the
switches, the value of the corresponding variable is increased by one. The EVM is ready for
voting only after ready to vote button is pressed and the LED is on. The led turns off after a vote
is casted along with a buzzer. . Using of microcontroller based electronic voting machine reduces
ambiguity occur during casting of votes by pressing a single push button switches. There are
varieties of advantages of electronic machine over traditional system of voting. In days of using

nonpolluting and environment friendly resources of energy it could pose a very good example.

5.2 Problems Encountered

In the course of developing this prototype, the real challenging problems encountered were after
we start design of our project on AT89CS51 microcontroller, due to unavailability of debugger we

tried to change into PIC16F877A which takes time during starting time.
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5.3 Recommendation and Future Improvement

This prototype of electronic voting machine can easily be implemented in real situation. In this
electronic voting machine we have option of choosing one candidate among four candidates. We
can also increase the number of candidates, by adding another microcontroller, switches and
large size of LCD. In the future if power Geez (Amharic language) in the program added it is
better those people who cannot understand the instruction written in English language and they

can understand easily.
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Appendix —A Pin diagram of PIC16FXX
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Pin diagram description of PIC 16Fxx

Input/output ports

PIC16F877 has 5 basic input/output ports. They are usually denoted by PORT A (R A), PORT B
(RB), PORT C (RC), PORT D (RD), and PORT E (RE). These ports are used for input/ output
interfacing. In this controller, “PORT A” is only 6 bits wide (RA-0 to RA-7), "PORT B” ,
“PORT C”,”PORT D” are only 8 bits wide (RB-0 to RB-7,RC-0 to RC-7,RD-0 to RD-7),
”PORT E” has only 3 bit wide (RE-0 to RE-7).



PORT-A RA-0 to RA-5 6 bit wide

PORT-B RB-0 to RB-7 & bit wide

PORT-C RC-0 to RC-7 8 bit wide

PORT-D RD-0 to RD-7 8 bit wide

PORT-E RE-0 to RE-2 3 bit wid

All these ports are bi-directional. The direction of the port is controlled by using TRIS(X)
registers (TRIS A used to set the direction of PORT-A, TRIS B used to set the direction for
PORT-B, etc.). Setting a TRIS(X) bit ‘1’ will set the corresponding PORT(X) bit as input.
Clearing a TRIS(X) bit ‘0’ will set the corresponding PORT(X) bit as output.

(If we want to set PORT A as an input, just set TRIS(A) bit to logical ‘1’ and want to set
PORT B as an output, just set the PORT B bits to logical ‘0°.)

(0]

(0]

(0]

(0]

(0]

Analog input port (ANO TO AN7) : these ports are used for interfacing analog inputs.
TX and RX: These are the USART transmission and reception ports.
SCK: these pins are used for giving synchronous serial clock input.
SCL: these pins act as an output for both SPI and I2C modes.

DT: these are synchronous data terminals.

CK: synchronous clock input.

SDO: SPI data output (SPI Mode).

SD1: SPI Data input (SPI mode).

SDA: data input/output in [2C Mode.

CCP1 and CCP2: these are capture/compare/PWM modules.

OSClI: oscillator input/external clock.

OSC2: oscillator output/clock out.

MCLR: master clear pin (Active low reset).

oVpp: programming voltage input.

(0]

THV: High voltage test mode controlling.

oVref (+/-): reference voltage.



(0]

(0]

SS: Slave select for the synchronous serial port.
TOCKI: clock input to TIMER 0.

T10SO: Timer 1 oscillator output.

T10S1: Timer 1 oscillator input.

T1CKI: clock input to Timer 1.

PGD: Serial programming data.

PGC: serial programming clock.

PGM: Low Voltage Programming input.

INT: external interrupt.

RD: Read control for parallel slave port.

CS: Select control for parallel slave.

PSPO to PSP7: Parallel slave port.

VDD: positive supply for logic and input pins.

VSS: Ground reference for logic and input/output pins.

Take a look at the specifications of the PIC 16F87X Series



PIC microcontroller data sheet

PIC16F87X

Key Features
PICmicro™ Mid-Range Reference | PIC16F873 | PIC16F874 | PIC16F876 | PIC16F877
Manual (DS33023)
Operating Frequency DC-20MHz | DC-20MHz | DC-20MHz | DC-20MHz
RESETS (and Delays) POR, BOR POR,BOR | POR,BOR POR, BOR
(PWRT,OST) | (PWRT,OST) | (PWRT,OST) | (PWRT,OST)
FLASH Program Memory
(1bitwords) &K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
/O Ports PotsABC |[PotsABCDE| PotsABC |PotsABCDE
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications - PSP - PSP
10-bit Analog-to-Digital Module | Sinput channels | 8 input channels | 5 input channels | 8 input channels
Instruction Set 35instructions | 35instructions | 35instructions | 35 instructions
Wide operating voage range: 2.0V 10 5.5V
+ igh Sik/Source Curent. 25 mA
e SOURCE : MICROCHIP PIC 16F87X
+ Low-power consumption DATA SHEET
-<08mAtypical @ 3V, 4 MHz
- 20 jA typical @ 3V, 32 kHz

- <1 pAtypical standby current




Appendix-B

// Name : program to make electronic voting machine using PIC16F877A microcontroller
/I Author :ASTU2007PG

// Date : 11-05-15

// LCD module connections

sbit LCD_RS at RB4 bit;

sbit LCD_EN at RB5_bit;

sbit LCD_D4 at RBO_bit;

sbit LCD_DS5 at RB1_bit;

sbit LCD_D6 at RB2 bit;

sbit LCD_D7 at RB3 bit;sbit LCD_RS_Direction at TRISB4 _bit;
sbit LCD_EN_Direction at TRISB5_bit;
sbit LCD D4 Direction at TRISBO_bit;
sbit LCD_D5_Direction at TRISB1 _bit;
sbit LCD_D6_Direction at TRISB2_bit;
sbit LCD_ D7 Direction at TRISB3_bit;
// End LCD module connections

char txt[7],txt1[7],txt2[7],txt3[7];

void main() {

int a=0,b=0;

int ¢=0,d=0,e=0;

trisd=1;

portd=0;

trisc=0;

portc=0;

while(1)



{

Lcd Init(); // Initialize Led

Lcd Cmd(_ LCD_CLEAR); // Clear display

Lcd Cmd(_ LCD_CURSOR_OFF); // Cursor off

Lcd Out(1,1,"welcome press button "); // Write text in first row
Lcd Out(2,1,"cast your vote"); // Write text in second row
while(portd==0)

{ // This loop use for pusing the system

}
if (portd==0b00100000)

{

e=1;

}

while (e==1)

{

Lcd Cmd(_ LCD_CLEAR); // Clear display

Lcd Out(1,1,"1:temesgen 2:haile"); / Write text in first row
Lcd Out(2,1,"3:eyob 4:tumiso"); // Write text in second row
while(portd==0)

{

b
portc=0b00000001;

delay ms(100);
portc=0b00000000;

Led Out(2,1,"voting");
if (portd==0b00000001)

{



if (portd==0b00010000)

{

Lcd Cmd(_LCD_CLEAR);
inttostr(a, txt);

inttostr(b, txtl);

inttostr(c, txt2);

inttostr(d, txt3);

delay ms(500);

Lcd out(1,1,"thank you:");



Lcd out(1,1,"teme:"); // Write text in first row
Lcd out(1,4,txt); / Write text in first row

Lcd out(2,1,"eyo:"); // Write text in second row
Lcd out(2,4,txt2); // Write text in second row
delay ms(2000);

Lcd out(1,1,"hai:"); // Write text in first row
Lcd out(1,4,txtl); // Write text in first row

Led out(2,1,"tum:"); // Write text in second row
Lcd out(2,4,txt3); // Write text in second row

delay ms(2000);

}



Appendix —C

Overall schematic circuit diagram of electronic voting machine with power circuit
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Appendix-D /LCD data sheet

NO | Name Use

1 Ground

2 Vce

3 Contrast

4 RS 0= instruction input
1=data input

5 R/W O=write to LCD

1=read to LCD

6 Enable(EN) From 1 to 0=data/commands are transferred to
LCD

7 DBO0 Data bus line

8 DBI1 Data bus line

9 DB2 Data bus line

10 | DB3 Data bus line

11 DB4 Data bus line

12 DB5 Data bus line

13 DB6 Data bus line

14 | DB7 Data bus line

15 | LEC+ Back light

16 | LEC-

EN — Enable:

This control line is used to inform the LCD that you are sending in data. To send data to
the LCD, put data on the data bus, then make EN high (1) and wait a little bit and end by
bringing EN to low (0) again.

RS — Register Select:

When RS is low (0), the information in the DBO to DB7 pins are to be considered as an
instruction (command- such as Clear screen, Display set, etc.). When RS is high (1), the
information in the DBO to DB7 pins are to be considered valid text data to print on the LCD
screen. For example, to display the letter “i”
RW — Read/Write:

When RW is low (0), the information on the data bus is written to the LCD module.

DBO0 to DB7:

Data bus lines of LCD display.
LED+, LED-:

Used for enabling back light on the screen. If you don’t want the back light you can leave
it unconnected.

on the screen you should set RS= high.
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