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Abstract

To facilitate the leaning about Unmanned Autonomous Vehicles (UAV), (SGV) plays an

important role. Implementing and designing of a microcontroller based   Self Guided Vehicle

helps to understand how unmanned vehicle work. Microcontroller acts as a brain of the vehicle

which was programmed with the help of common programming language like C. Different kinds

of sensor used for avoiding obstacle and feeling the surrounding environment of the vehicle. The

movement of the vehicle or selecting the right path is controlled and monitored by the

microcontroller. Thus a self controlled vehicle gives the platform to learn controls, robotics and

automation.
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CHAPTER 1

INTRODUCTION

1.1: Overview:

Microcontroller based Self guided vehicle is a practical application of control systems,

sensors and artificial intelligence. They are not ordinary vehicle which we see, but they have the

ability to control it self without interfering a human being. They have the advantage over

ordinary vehicle is that; they should be used in the place where life of human being can face in

danger. Like war zones, health-hazardous areas etc. Furthermore, there is an increased demand

for mobile robotic agents in modern age. So, Self guided vehicle is a low-cost autonomous

vehicle that has the capability of sensing its environment, manipulating it and acting according to

the preprogrammed sequence [4].

The purpose of this project is to implement an inexpensive Microcontroller based self

guided vehicle which can be run without help of human being. The vehicle termed as Self

Guided Vehicle (SGV). This report provide the information to implement Self Guided Vehicle

(SGV), the physical configuration of the devices involved and the software required to load the

program in microcontroller.

A Microcontroller based self guided vehicle uses a microcontroller to detect obstacles

and manipulate its direction as per the inputs from five infra-red (IR) sensors mounted in front of

the car. Although this project required minimum systems to fulfill self guiding functions, it

should capable to expand to add new feature. In future, it should be able to easily add new

modules, with very little overhead for investigate new control strategies.

1.2: Objective of the Project:

The aim of this project is to design and implementation Microcontroller based Self

Guided Vehicle (SGV). The vehicle will be able to control itself by detecting obstacle and be a

practical example of Unmanned Autonomous Vehicles (UAV). It should be reacting with the

surrounding to avoid any collision with obstacles.
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The main objectives of this project are;

i. To design a vehicle with an ability to avoid obstacle

ii. To develop a Self Guided Vehicle (SGV) using PIC microcontroller and IR sensor

1.3: Scope of the Project:

The scopes of this project are;

i. Develop obstacle avoidance Self Guided Vehicle with IR sensors and microcontroller. The

designed vehicle will be able to avoid obstacle perfectly as like programmed. The vehicle has

four wheels which are two dc motor in the front and two rear wheels are free wheeler.

ii. Process the output of microcontroller to control dc motor that can reflect with the input from

the sensor. When an obstacle is detected, the microcontroller will trigger an input to the dc motor

to change its rotation by which the vehicle can go in correct direction. Thus, the obstacle can be

avoided.

1.4: Block Diagram of the Project:

Figure 1.1: Block Diagram
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1.5: Methodology:

Obstacle avoidance technique can be achieved by various ways. For example-

■ Vision based obstacle avoidance technique

■ GPS based obstacle avoidance technique

■ Sensor (IR or Ultra sonic) based obstacle avoidance technique

As the aim of the project is to make a self guided vehicle with minimum cost so we use IR sensor

based obstacle avoidance technique.

1.6: Project organizations:

This Project consists of 5 chapters.

Chapter 1 deals with the Introduction, aim and scope of the project.

Chapter 2 discusses the theoretical part and discusses the theory of the components used like

DC motor, IR Led and Photo diode

Chapter 3 introduces microcontroller and embedded software

Chapter 4 discuss about the design and implementation process

Chapter 5 concludes the project along with its future scope
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CHAPTER 2

THEORITICAL DISCUSSION

2.1: Introduction:

This project is related with embedded systems and optical sensor. Generally Self Guided

Vehicle is an electro mechanical system which contain both electrical and mechanical device. In

this chapter we discuss about the method of driving the vehicle and theoretical discussion about

the device which we are use in the project.

2.2: Ackerman Steering Locomotion:

For wheeled vehicles, there exist two main kinds of locomotion. One is differential-drive

and the other is Ackerman steering. In Differential-drive locomotion there placing two wheels or

tank tracks at either side of the vehicle. Each wheel is driven independently. The vehicle will

move in some definite direction, depending on the direction the wheels turn.

In below there show the table in where summarize the differential-drive locomotion scheme.

Table 2.1: Differential drive scheme

Left Wheel Right Wheel Vehicle Motion
Forward Forward Straight forward

Backward Backward Straight backward
Forward Backward Turn left on a dime

Backward Forward Turn right on a dime
Still Still No motion
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Figure 2.1: Differential drive locomotion

In Figure 1 there illustrates the placement of the wheels and indicates how the vehicle turns in

differential drive locomotion.

On the other hand, Ackerman steering is different from differential-drive steering. It

consist four wheels instead of two. The two back wheels turn with high torque for providing

vehicle propulsion. The two front wheels can move about the vertical axis, which produces

curvature in the driving path. This Ackerman steering used by all automobiles and some

variations include front-wheel drive and four-wheel drive.

In Ackerman steering there exist seven types of motion by combining drive and steering actions.

This seven type’s motion is shown in below table.

Table 2.2: Ackerman drive scheme

Drive Wheels Turn Wheels Vehicle Motion
Forward Straight Straight forward
Forward Right Forward right
Forward Left Forward left

Backward Straight Straight backward
Backward Right Backward right
Backward Left Backward left

Still Any No motion
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Figure 2.2: Ackerman drive locomotion

In Figure 2 there illustrates the placement of the wheels and indicates how the vehicle turns in

Ackerman drive locomotion.

The Differential-drive locomotion has the advantage over Ackerman steering. In

Differential drive systems it can change orientation without changing its location. But in

Ackerman systems there needs minimum turn radius, which affects the maximum curvature in

their motion. So that in our project we use differential drive system with some modification for

made it simple and inexpensive. The modified differential drive system is shown in below,

Table 2.3: Modified differential drive system

Left Wheel Right Wheel Vehicle Motion
Forward Forward Straight forward

Backward Backward Straight backward
Still Forward Turn left on a dime

Forward Still Turn right on a dime
Still Still No motion
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2.3: Microcontroller:

The hart of this project is a microcontroller. Which control the vehicle and take the

decision where it should run. In our project we use PIC16F877A microcontroller. The detail

discussion about microcontroller and PIC16F877A is given in Chapter -3.

2.4: Gear DC Motor:

Whenever we think about making a moveable body then the first think thing comes to our

mind is that body move on the ground. And there are always two options in our hand as a

designer whether to use a DC motor or a stepper motor. As compare to speed, weight, size, and

cost. DC motors are always preferred over stepper motors. When a DC motor interfaced with a

microcontroller it can do many things. For example we can control the direction of rotation, can

control the speed of motor. So you can see DC motors has the advantage and long run feasibility

over stepper motor.

DC Motor is an electric motor which converts electrical energy into mechanical

motion. Speed of a DC motor generally depends on a combination of the voltage and

current flowing in the motor coils and the motor load or braking torque. Its speed is

proportional to the voltage, and the torque is proportional to the current. The speed is

typically controlled by changing voltage or current flow by using taps in the motor

windings or by having a variable voltage supply.[1]

Construction of a DC motor is fairly simple to understand. They are also easy to make

and only require a dc supply or battery to make them run.

A DC motor has five parts, as shown in the diagram below:

Figure 2.3: Internal Structure of DC Motor
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 Armature or rotor

 Commutator

 Brushes

 Axle

 Field magnet

In our project we are using geared DC motor with combination of gear to get high torque. The

motor is called as gear motor because this has a specific number of RPM based on the

combination of gears connected to the shaft of dc motor. In figure given below show the simple

gear combination.

Figure 2.4: Gear Combination

2.5: IR LED

Figure 2.5: IR LED
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The Infra Red Light Emitting Diode or IR LED is an electronic device and emits light

when current is passed through it. It also light emitting diode but the junction is made such

material that emits a particular characteristic signal having frequency in the range of infrared.

This device used as a transmitter. The main difference between IR LED and LED is that IR LED

emits Infrared Radiations, which we cannot see by our visible eye. The other difference is that IR

LED takes a lot of current and damage fastly than LED's.[5]

Like the general diode it operate in forward bias and requires forward operation voltage

of about 2V and forward operation current in 10 to 20 mA range. The maximum reverse voltage

which IR LED can withstand is typically 3 to 5V, above this range could damage the component.

It does not have any current control function, so when use this device; a resistor must be used in

series to limit the current flow through it. If there need greater range then resistor may be

reduced to a minimum value with a consequent adverse effect on current consumption. The

Infrared diode used is of plastic pack and is similar in appearance to the familiar Red LED.

The IR LED used in this project as an IR transmitter which transmit IR signal

continuously for detecting obstacle.

2.6: Photo Diode

A Photo Diode is light sensitive device. The junction of the photo diode is such that it

generates carriers when the light falls on it. There are different type of diodes, which generates

carriers in different magnitudes at different frequency that depends on the doping and nature of

the junction. The liberation of carriers are very small in magnitude which is very much

dependant on the intensity of the light and frequency signal falling on the junction [6].

Figure 2.6: Photo Diode
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In the time of forward biased condition the majority carrier current is so high that the

current generated due to fall of light signal is very negligible. The photon bombardment which

create  avalanche break down of the junction and generate current which is in the order of 100s

μA to few 10s of mA. So due to the above mentioned causes the photo diodes is connected in the

reverse biased condition. When Photo Diode is connected in reverse biased condition the normal

current is always in the order of few μA and the current generated due to fall of light signal on

the junction is also in the order of μA so the net current through the diode is appreciably

increased. The same current pass through the resistor if we connected it in series with Photo

Diode and drop across the resistance is increased. We can take our output across the resistor.

Like the LED a photo diode leads can be identified by seeing the length of the leads. The

Short lead is the cathode connected to greater voltage. The current flowing through the photo

diode changes with intensity of the light.

In this project we use Photo Diode as a sensor to detect the IR signal which comes from

reflecting the body of obstacle faces by vehicle and IR signal is transmitted from the IR

transmitter LED.

2.7: Voltage Regulator

Different voltage regulator ICs are available with fixed (typically 5, 12 and 15V) or

variable output voltages. They should also rated by the maximum current they can pass. Negative

voltage regulators are available, if there any dual supplies are required. Most regulators include

some automatic protection from overheating ('thermal protection') and excessive current

('overload protection').

Most of the fixed voltage regulator ICs have 3 leads and look like power transistors. For example

7805 +5V 1A regulator shown in figure given below.[7]
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Figure 2.7: Voltage Regulator

The voltage regulators are mainly classified for low voltage and high voltage. Further more they

can also be classified as:

i) Positive regulator

1. Input pin

2. Ground pin

3. Output pin

This type voltage regulator regulates the positive voltage.

Example: LM7805, LM7806, LM7809, LM7812 etc.

ii) Negative regulator

1. Ground pin

2. Input pin

3. Output pin

And this type voltage regulator regulates the negative voltage.

Example: LM7905, LM7909 etc
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Figure 2.8: Typical operating circuit of 7805

In our project we use LM7805 for regulating +12V DC to +5V DC which used to supply

microcontroller and IR sensors.

2.8: Relay:

A relay is an electrical switch that opens and closes under the control of another electrical

circuit. When current flowing through the coil of the relay, it creates a magnetic field which

attracts a lever and changed the mode of switch contact.

In our project we use relay to switch the DC motor to ON/OFF or to rotate in different

directions clock wise and anti clockwise. The figure of the relay is shown in below .[8]

Figure 2.9: Relays
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2.9: Diode, Resistor &Capacitor:

Diode:

A diode is an electronic component that has two-terminal and conducts electric current in

only one direction. The term diode usually refers to a semiconductor diode, the most common

type used today. Actually this is a crystalline block of semiconductor material connected to two

electrical terminals.[9]

Figure 2.10: Diode

Resistor:

A resistor is most common equipment in electrical circuit. It is a two-

terminal component that produces a voltage across its terminals that is proportional to the electric

current passing through it in accordance with Ohm's law. The resistor is basic and simplest

equipment.

In an electronic circuit the resistor use as a current limiter. That means it opposes the

flow of electrical current through itself. It accomplishes this by absorbing electrical energy

applied to it, and then dissipating that energy as heat. By this way, resistors limiting or

controlling the amount of electrical current in a circuit. They have two ratings or values, one is

resistance value which is measured in units called ohms and symbolized by the Greek letter

Omega (Ω). And another is power rating which denote amount of power the resistor can

dissipate as heat without itself overheating and burning up. Typical modern resistors are ½ watt

and ¼ watt, used in most applications.[10]
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Figure 2.11: Resistor

Capacitor:

A capacitor is a passive electronic device consisting of a pair of conductors separated by

a dielectric. When a voltage applies across the conductors, an electric field is present in the

dielectric. The field stores energy and produces a mechanical force between the conductors.[11]

It is known as a capacitor because it has the capacity to store electric charge in it. How

much charge it can hold in it is determined by the area of the two plates and the distance between

them. If area of plate is increase and distance between them is decrease then capacity or

capacitance is increase or vice versa. The electric field between capacitor plates gives the

component an interesting and useful property. That is, it resists any change in voltage applied

across its terminals. So that voltage across a capacitor cannot change instantaneously.

Figure 2.12: Capacitor

2.10: Crystal Oscillators & Push Buttons:

Crystal Oscillators:

A crystal oscillator is an electronic device that uses to create an electrical signal with a

very precise frequency. Its operation is to convert mechanical resonance of a vibrating crystal

of piezoelectric material to electrical signal.[12]
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It is known as a capacitor because it has the capacity to store electric charge in it. How

much charge it can hold in it is determined by the area of the two plates and the distance between

them. If area of plate is increase and distance between them is decrease then capacity or

capacitance is increase or vice versa. The electric field between capacitor plates gives the

component an interesting and useful property. That is, it resists any change in voltage applied

across its terminals. So that voltage across a capacitor cannot change instantaneously.

Figure 2.12: Capacitor

2.10: Crystal Oscillators & Push Buttons:

Crystal Oscillators:

A crystal oscillator is an electronic device that uses to create an electrical signal with a

very precise frequency. Its operation is to convert mechanical resonance of a vibrating crystal

of piezoelectric material to electrical signal.[12]
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Figure 2.13: Crystal Oscillator

Push Buttons:

A push-button or simply button is a simple switch used for controlling some aspect of

a machine or a process. They are used in many devices like telephones, calculators, kitchen

appliances, and various other mechanical and electronic devices, home and commercial.

Figure 2.14: Push Button

2.11:Top2005+ Programmer:

Top 2005+ program loader used for loading the instruction to the microcontroller. With

the help of this device we can also erase the program loaded in a microcontroller and reprogram

it. The figure of this device is given below. [13]
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Figure 2.15: Top2005+ programmer

2.12: Transistor (BD135):

The BD135 is silicon Epitaxial Planar NPN Transistors mounted in plastic package. They are

used in the project in switching mode.[14]

Features:

 Collector-Emitter Volt (Vceo): 45V

 Collector-Base Volt (Vcbo): 45V

 Collector Current (Ic): 1.5A

 Power Dissipation (Ptot): 1.25W

 Type: NPN

Figure 2.16: Pin Diagram of BD135
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2.13: Battery:

Batteries are used for emergency power supply. They are electrochemical devices and

contain plates, usually metallic, and either a solution or a moist compound between the plates. A

chemical reaction takes place in the battery when it is discharged that produces a flow of

electrons out one plate on the negative side and into another plate on the positive side.

Figure 2.17: Battery
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CHAPTER 3

Introduction to Microcontroller and Embedded Software

3.1: What is a Microcontroller?

A Microcontroller is a single-chip computer or a computer-on-a-chip that contains the

processor (the CPU), non-volatile memory for the program (ROM or flash), volatile memory for

input and output (RAM), a clock and an I/O control unit. The name Microcontroller has two

parts Micro referred that the device is small and controller tells that the device might be used to

control objects, processes or events. There is other term Embedded Microcontroller referred that

it support circuits are often built into or embedded in the devices for control.[15]

Now-a-days we find microcontroller in all kinds of modern device. In desktop computer,

we may find microcontrollers inside keyboards, printers, modems, and other peripherals. It

works for measures, controls, stores or displays information by placing microcontroller inside

any device. In test equipment, where microcontrollers used to store measurement, to create and

store user routines, to display messages and waveforms. Consumer products where use

microcontroller like cameras, video recorders, compact-disk players, and ovens. The largest

single use of microcontroller is in the field of automobiles-car. They manufactured today

includes at least one microcontroller for engine control and more to control additional systems.

And they are some applications where we use microcontrollers.[16]

3.2: Block Diagram of the Microcontroller:

Figure 3.1: A basic block diagram of a typical Microcontroller
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3.3: Comparing Microcontrollers with Microprocessors:

Figure 3.2: Different Part of Microcontroller

A Microcontroller has the similarity with the microprocessor. For examples Intel’s 8086,

Zilog’s Z80. Both microprocessor and microcontroller has CPU. The CPU do every logical and

mathematical operation, executes instructions and data moving functions. To perform a

microprocessor in a computer there need some other parts like memory for storing data and

programs, and I/O interfaces for connecting external devices like keyboard and displays. Beside

this, microcontrollers are a single chip computer as they contain CPU with additional memory

and I/O interfaces. As there has the limitation in memory and interfaces that can fit on single

chip, so microcontrollers need to be used in smaller system.[2]

The microprocessor is concerned with rapid movement of data and code from external

address to the chip. On the other hand microcontroller is concerned with rapid movement of bits

with in the chip. The microcontroller can function as a computer without external digital parts;

the microprocessor must have many additional parts to be operational. There are some examples

of popular microcontrollers are Intel’s 8052, PIC16F877A.
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3.4: PIC Microcontroller Family:

The microcontroller acts like the brain for the vehicle which take the decision where it

will go. This is the main controller of the vehicle. When the vehicle is turned on, the main

controller is ready to receive an obstacle scanned by the IR sensor. Once the data is received,

microcontroller decides the direction to which the vehicle should turn. Then the appropriate

signal will be sent to the DC motor to get the desired direction.

PIC microcontroller, made by microchip technology is a family of Harvard architecture

microcontrollers. The name PIC initially referred to “Programmable interface controller”, but in

later it renamed as “programmable intelligent computer”. PIC is popular due to their low cost,

large user base, large user community, wide availability, extensive collection of application

availability of free or low cost development tools and serial programming (and re-programming

with flash memory) capability.

3.4.1: 8-bit CPUs core architecture:

The architecture of PIC is distinctively minimalist. It can characterize by the following

features:

1. Separate spaces for code and data. (Harvard architecture)

2. Minimum number fixed length instructions.

3. A single accumulator that use of which (as source operand) is implied (i.e is not encoded in

the opcode).

4. Most of the instructions are simple cycle execution (4 clock cycles) with single delay cycles

upon skips and branches.

5. For storing return addresses there is a hardware stack.

6. A fairly low amount of addressable data space (typically 256 bytes), extended through

banking.

7. All RAM location function as registers as both source and/or destination of math and other

functions.

8. Data space mapped CPU, peripheral registers and port.
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9. No distinction ‘memory” and “register” space because the RAM serves the job of both

memory and registers and the RAM is usually just referred to as the register file or simply as the

registers.

3.5: Architecture of the PIC Microcontroller:

3.5.1: Harvard architecture

The concept of Harvard architecture is newer than Von-Neumann’s. It comes out for

speed up the work of the microcontroller. In Harvard architecture, address bus and data bus are

separate. Thus flow of data is faster through the central processing unit, and of course, a greater

speed of work. As there is the function of Separating a program from data memory which makes

it further possible for instructions not to have to be 8-bit words.

The PIC 16F877 uses 14 bits for instructions which allows for all instructions to be one

word instructions. It is also normally shown in Harvard architecture to have fewer instructions to

be one word instructions. Moreover in Harvard architecture, it is typically shown to have fewer

instructions than Von Neumann’s and to have instructions to be executed in one cycle. The major

advantage of this architecture is that while an instruction is being executed the next can be

fetched. There have double execution speed. We find this type architecture in PIC16F877A .[17]

PIC uses Harvard architecture, so there is difference between size of an instruction and

size of the data.

Figure 3.3: Harvard Architecture
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3.6: PIC 16F877A:

Figure 3.4: PIC 16F877A Microcontroller

PIC 16F877A is one of the most commonly used microcontrollers especially used in

automotive, industrial appliances and consumer applications. PIC16F877A has the place in upper

end of the mid range series of the microcontrollers developed by microchip Inc. It can be

reprogrammed and erased upto 10,000 times. Therefore it is very useful and good for new

product development phase. Low cost and most available made it very popular .[18]

3.7: Internal Architecture of PIC16F877A:

Figure 3.5: Architecture of PIC16F877A[18]
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3.8: Pin Layout of PIC16F877A:

Figure 3.6: Pin Diagram of PIC16F877A [18]

I/O Pins:

There are 40 pins on PIC 16F877A and from them most of used as an I/O pin. Others

pins has specific function.

MCLR:

The pin no. 1 is used as Master clear (reset) input. This pin is an active low input for the

device. The function of this pin is to erase the memory locations inside the PIC (i.e. when we

want to re-program it). Normally it is connected to the positive supply rail.
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VSS and VDD:

These pins are referred as power supply pins. VDD is connected to the positive supply

and VSS is connected to the negative supply or 0V. The maximum supply voltage that we can

use is 6V and the minimum is 2V. In general +5V used as a positive supply.

OSC1/CLK IN and OSC2/CLKOUT:

These pins are used to input and output for oscillator crystal. In these pins where we connect an

external clock so that the microcontroller has some kind of timing. Normally these are connected

to crystal oscillator.

3.9: PIC 16F877A Device Features:

Table 3.1: Key features of PIC16F877A

FLASH Program Memory 8K Words

Data Memory (RAM) 368 Bytes

Data Memory (EEPROM) 256 Bytes

I/O Ports Ports A, B, C, D, E

Timers 3

Interrupts 14

Capture/Compare/PWM
Modules

2

Serial Communications MSSP, USART

Parallel Communications PSP

A/D Channels 8(10 Bit)

Analog Comparators 2

instruction Set 35 Instructions

Package 40 Pin DIP
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3.10: Introduction to mikroC PRO for PIC:

MikroC PRO for PIC is a popular, powerful and feature rich development tool for PIC

microcontrollers. It is designed for serve the customer or the programmer with the easiest

possible solution for developing applications for embedded systems, without compromising

performance or control. MikroC PRO for PIC provides highly advanced IDE, broad set of

hardware libraries, ANSI compliant compiler, comprehensive documentation and plenty of

ready-to-run examples.

PIC and C work together very well. C language prized for its efficiency, is the natural

choice for developing embedded systems and PIC is the most popular 8-bit chip in the world,

used in a wide variety of applications. It provide world's most intuitive C compiler for PIC

Microcontrollers (families PIC12, PIC16, and PIC18). It contain many practical code examples,

broad set of built-in routines, useful implemented tools and a comprehensive Help which makes

mikroC PRO for PIC a fast and reliable tool[19]

3.10.1 Features of mikroC PRO for PIC:

MikroC PRO for PIC provides some of feature:

■ Source code can write in C using the built-in Code Editor.

■ Provide huge library function for speed up the development: data acquisition, memory,

displays, conversions, communication etc.

■ Program structure, variables, and functions can be monitored in the Code Explorer.

■ Inspect program flow and debug executable logic with the help of integrated Software

Simulator.

■ Provide detailed reports and graphs: RAM and ROM map, code statistics, assembly listing,

calling tree, and more.

■ Generate human-readable assembly, commented, and standard HEX compatible with all

programmers.

■ MikroC PRO for PIC provides huge examples to expand and develop.
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Figure 3.7: MikroC PRO window[19]

3.11: MikroC PRO IDE Overview:

MikroC PRO IDE has ten different parts through which we can make the projects. These

are Code Editor, Code Explorer, Project Manager, Project Setting, Error window, Routine List,

Library Manager, Statistics, Integrated tools, keyboard shortcuts.

Figure 3.8: Various parts of mikroC PRO IDE[19]
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3.12: Projects:

To create Hex file for the microcontroller mikroC PRO for PIC provide the option

PROJECT. In mikroC PRO for PIC IDE, there have the option to several projects being

connected together to create a project group.

The project file contains the following information:

- Project name and optional description,

- Target device,

- Device flags (config word),

- Device clock,

- List of the project source files with paths,

- Header files (*.h),

- Binary files (*.mcl),

- Image files,

- Other files.

3.12.1: New project:

To create a project is by means of the New Project Wizard, dropdown menu Project ›

New Project or by clicking the New Project Icon from Project Toolbar.

3.12.2: New project wizard steps:

Start creating new project, by clicking Next button:
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Figure 3.9: New Project Wizard Window

Step One –

Select particular device from the device drop-down list.

Figure 3.10: Window of Step One
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Step Two –

Set the oscillator frequency value.

Figure 3.11: Window of Step Two
Step Three –

Specify the location where the project will be saved.

Figure 3.12: Window of Step Three
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Step Four –
Add project file to the project if they are available at this point. We can always add

project files later using Project Manager.

Figure 3.13: Window of Step Four
Step Five –

Click Finish button to create New Project.

Figure 3.14: Window of Step Five
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3.12.3: Compilation:

After the program is written, it is necessary to compile it into a program (.hex) code. For

this select one of the build options from PROJECT menu: [17]

1. To create a HEX file, select Build (Ctrl+F9) from the project menu or clicking the Build icon

file from the project tool-bar.

2. To create all files within the project, select Build All Projects (Shift+F9) from the project

menu.

3. There is a special option in mikroC PRO for PIC compiler to automatically load the program

into the microcontroller after compilation. For find this option select Build+Program(Ctrl+F11)

from the project menu.
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CHAPTER 4

DESIGN & IMPLEMENTATION

4.1: Circuit Diagram:

Figure 4.1: Circuit Diagram of Self Guided Vehicle

Here show the complete circuit diagram of the project. The port B (RB0 to RB4) of the

PIC16F877A microcontroller is used for input function in where output signal of IR sensor are

come. The other port A (RA0 to RA3) and port D (RD0 to RD3) are used for output function in

where DC motor driver circuits are connected. When obstacle sensed by the any of five IR
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sensor it send the signal to microcontroller and then microcontroller send the output signal to DC

motor driver circuit by which it was programmed.

4.2: IR Sensor:

Obstacle detecting by Self Guided Vehicle can be done with the help of IR sensor. In IR

sensor we have taken elements IR LED as a source and photo diode as a destination. IR LED

used as a transmitter which transmit continuously IR signal. And Photo Diode act as a receiver

for receive the IR signal. When an obstacle come in front of the vehicle the IR signal is reflected

from the body of the obstacle and this reflected signal is received by the Photo Diode. Then it

sends the proper signal to the microcontroller.

Figure 4.2: IR Sensor

4.3: Performance Test of IR Sensor:

The performance of IR sensor can be test by placing different type and different color

obstacle in front of vehicle. We use different type of obstacle like; white paper, human hand,

stone etc. The sensibility of IR sensor for different type is shown in next page.

To

Microcontroller
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For White Color Paper:

Table 4.1: Sensibility of IR Sensor for White Color Paper

SL. Distance Remark

1 1 cm IR Sensor Response

2 2 cm IR Sensor Response

3 3 cm IR Sensor Response

4 3.5 cm IR Sensor Response

5 4 cm to above IR Sensor Not Response

For Stone:

Table 4.2: Sensibility of IR Sensor for Stone Obstacle

SL. Distance Remark

1 1 cm IR Sensor Response

2 2 cm IR Sensor Response

3 2.5 cm IR Sensor Response

4 2.5 cm to above IR Sensor Not Response

For Human hand:

Table 4.3: Sensibility of IR Sensor for Human Hand

SL. Distance Remark

1 1 cm IR Sensor Response

2 2 cm IR Sensor Response

3 2.5 cm IR Sensor Response

4 2.5 cm to above IR Sensor Not Response
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For Wall:

Table 4.4: Sensibility of IR Sensor for Wall

SL. Distance Remark

1 1 cm IR Sensor Response

2 2 cm IR Sensor Response

3 2 cm to above IR Sensor Not Response

For Blue Color Paper:

Table 4.5: Sensibility of IR Sensor for Blue Color Paper

SL. Distance Remark

1 1 cm IR Sensor Response

2 2 cm IR Sensor Response

3 3 cm IR Sensor Response

4 3 cm to above IR Sensor Not Response

For Black Color Obstacle:

Table 4.6: Sensibility of IR Sensor for Black Color Obstacle

SL. Distance Remark

1 Any distance IR Sensor Not Response

4.4: Control of DC Motor:

As we need to run the DC motor in both directions, we use DC motor drive. For our

project we made our DC motor drive using transistor, relay and diode.

4.4.1: DC motor driver circuit:

The DC motor driver circuit used for control the direction of DC motor rotation by which

our vehicle can move any where. The driver circuit consists of some basic electrical and
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electronic equipment. In our vehicle there exist two identical DC motor driver circuit for control

the rotation of two DC motor which are connected with two front wheels. Each driver circuit

consist four electro magnetic relay, four diode, four transistors and a DC motor. Every

equipment are connected properly as it shown in figure (fig: 4.3) given below.

Figure 4.3: DC motor driver circuit

4.4.2: Operation:

■ When output of the microcontroller is such that it supply voltage in the base of transistor Q1

and Q2 for that relay -1 and relay-4 are operate then the DC motor rotate in clockwise direction.

This is shown in figure (fig: 4.4) in next page[3].
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Figure 4.4: DC motor rotate in clockwise direction

■ But when output of the microcontroller is such that it supply voltage in the base of transistor

Q3 and Q4 for that relay -2 and relay-3 are operate then the DC motor rotate in counter

clockwise direction. This is shown in below figure[3].

Figure 4.5: DC motor rotate in counter clockwise direction
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CHAPTER 5

CONCLUSION & RECOMMENDATION

4.1: Discussion:

Self Guided Vehicle is the platform to learn controls, robotics and automation. The

distinct feature of this vehicle made it popular all over the world. Today this type of vehicle

contain advance feature like GPS navigation, Vision sensing technology etc. The ability of

expanding its feature and modification its function made it more flexible then other vehicle.

4.2: Limitation:

The project has some drawbacks. The sensibility range of sensing obstacle by IR sensor

is not adequate. So, sometime the vehicle made a clash with the obstacle. In the DC motor driver

circuit we use relay for switching the DC motor which made a sound at the time of switching.

This switching sound of relay made the vehicle noisier. The two free wheeler in back side of the

vehicle made some friction problem at the time of vehicle motion.

4.3: Possible Future Improvements:

In future we want to add some new feature in our Self Guided vehicle. Vision base

obstacle sensing by using Image Processing technique should be used because a better sensor

would benefit the performance of the vehicle and stronger its function. Also we want to add the

GPS navigation feature for made the vehicle more flexible and more control.

4.4: Conclusion:

The development of Self Guided Vehicle is a laborious undertaking that produced an

unmanned autonomous vehicle experimentation platform. After implementing and analyzing the

output of the project it can be said that this autonomous vehicle can fulfill the demand of modern

age by its unique feature.  The limited cost of this vehicle is also an impotent term for its

construction and development. The electronic circuitry of the vehicle is simpler and very easy to

understand. At last it can say that the Self Guided Vehicle give a clear concept about automation,

control and robotics.
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Appendix

Program for Microcontroller (PIC16F877A)

sbit s0 at rb0_bit;

sbit s1 at rb1_bit;

sbit s2 at rb2_bit;

sbit s3 at rb3_bit;

sbit s4 at rb4_bit;

void init()

{

trisb=255;

portb=0; //port b as input and set initial value to zero

trisd=0;

portd=0; //port d is output and initial value is zero

}

void moveForward()

{

portd=0b10101010;

}

void moveBackword()

{

portd=0b01010000;

}
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void moveLeft()

{

portd=0b10100000;

}

void moveRight()

{

portd=0b00001010;

}

void stop()

{

portd=0;

}

void main()

{

init(); //initialize modules

moveForward();

while(1)

{

if(s1||s2||s3) // obstacle sense by front sensor

{
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stop();

delay_ms(1000);

if(s2&&s1)

{

stop();

moveRight();

delay_ms(2000);

stop();

moveForward();

}

else if(s2&&s3)

{

stop();

moveLeft();

delay_ms(2000);

stop();

moveForward();

}

else if(s2)

{

moveBackword();

delay_ms(2500);

stop();

if(!s0)

{



44

moveLeft();

delay_ms(2000);

stop();

moveForward();

}

else

{

moveRight();

delay_ms(2000);

stop();

moveForward();

}

}

else if(s3)

{

moveLeft();

delay_ms(2000);

moveForward();

}

else if(s1)

{

moveRight();

delay_ms(2000);

moveForward();

}
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}

else

moveForward();

}

}
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              CHAPTER 1 

INTRODUCTION 

1.1: Overview: 

 Microcontroller based Self guided vehicle is a practical application of control systems, 

sensors and artificial intelligence. They are not ordinary vehicle which we see, but they have the 

ability to control it self without interfering a human being. They have the advantage over 

ordinary vehicle is that; they should be used in the place where life of human being can face in 

danger. Like war zones, health-hazardous areas etc. Furthermore, there is an increased demand 

for mobile robotic agents in modern age. So, Self guided vehicle is a low-cost autonomous 

vehicle that has the capability of sensing its environment, manipulating it and acting according to 

the preprogrammed sequence [4]. 

 

 The purpose of this project is to implement an inexpensive Microcontroller based self 

guided vehicle which can be run without help of human being. The vehicle termed as Self 

Guided Vehicle (SGV). This report provide the information to implement Self Guided Vehicle 

(SGV), the physical configuration of the devices involved and the software required to load the 

program in microcontroller. 

 

A Microcontroller based self guided vehicle uses a microcontroller to detect obstacles 

and manipulate its direction as per the inputs from five infra-red (IR) sensors mounted in front of 

the car. Although this project required minimum systems to fulfill self guiding functions, it 

should capable to expand to add new feature. In future, it should be able to easily add new 

modules, with very little overhead for investigate new control strategies. 

 
 
1.2: Objective of the Project: 
 

The aim of this project is to design and implementation Microcontroller based Self 

Guided Vehicle (SGV). The vehicle will be able to control itself by detecting obstacle and be a 

practical example of Unmanned Autonomous Vehicles (UAV). It should be reacting with the 

surrounding to avoid any collision with obstacles. 
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The main objectives of this project are; 

i. To design a vehicle with an ability to avoid obstacle 

ii. To develop a Self Guided Vehicle (SGV) using PIC microcontroller and IR sensor 

1.3: Scope of the Project: 

The scopes of this project are; 

i. Develop obstacle avoidance Self Guided Vehicle with IR sensors and microcontroller. The 

designed vehicle will be able to avoid obstacle perfectly as like programmed. The vehicle has 

four wheels which are two dc motor in the front and two rear wheels are free wheeler. 

 

ii. Process the output of microcontroller to control dc motor that can reflect with the input from 

the sensor. When an obstacle is detected, the microcontroller will trigger an input to the dc motor 

to change its rotation by which the vehicle can go in correct direction. Thus, the obstacle can be 

avoided. 

  

1.4:  Block Diagram of the Project: 

 

 

 

Figure 1.1: Block Diagram 

 



3 
 

1.5: Methodology: 

Obstacle avoidance technique can be achieved by various ways. For example- 

■ Vision based obstacle avoidance technique 

■ GPS based obstacle avoidance technique 

■ Sensor (IR or Ultra sonic) based obstacle avoidance technique 

As the aim of the project is to make a self guided vehicle with minimum cost so we use IR sensor 

based obstacle avoidance technique. 

1.6: Project organizations: 

This Project consists of 5 chapters.  

Chapter 1 deals with the Introduction, aim and scope of the project. 

Chapter 2 discusses the theoretical part and discusses the theory of the components used like 

DC motor, IR Led and Photo diode  

Chapter 3 introduces microcontroller and embedded software 

Chapter 4 discuss about the design and implementation process 

Chapter 5 concludes the project along with its future scope 
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CHAPTER 2 

THEORITICAL DISCUSSION 

 

2.1: Introduction: 

 This project is related with embedded systems and optical sensor. Generally Self Guided 

Vehicle is an electro mechanical system which contain both electrical and mechanical device. In 

this chapter we discuss about the method of driving the vehicle and theoretical discussion about 

the device which we are use in the project.  

2.2: Ackerman Steering Locomotion: 

 

For wheeled vehicles, there exist two main kinds of locomotion. One is differential-drive 

and the other is Ackerman steering. In Differential-drive locomotion there placing two wheels or 

tank tracks at either side of the vehicle. Each wheel is driven independently. The vehicle will 

move in some definite direction, depending on the direction the wheels turn.  

 

In below there show the table in where summarize the differential-drive locomotion scheme. 

 

Table 2.1: Differential drive scheme 

 

Left Wheel Right Wheel Vehicle Motion 
Forward Forward Straight forward 

Backward Backward Straight backward 
Forward Backward Turn left on a dime 

Backward Forward Turn right on a dime 
Still Still No motion 
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Figure 2.1: Differential drive locomotion 

In Figure 1 there illustrates the placement of the wheels and indicates how the vehicle turns in 

differential drive locomotion. 

 
On the other hand, Ackerman steering is different from differential-drive steering. It 

consist four wheels instead of two. The two back wheels turn with high torque for providing 

vehicle propulsion. The two front wheels can move about the vertical axis, which produces 

curvature in the driving path. This Ackerman steering used by all automobiles and some 

variations include front-wheel drive and four-wheel drive.  

In Ackerman steering there exist seven types of motion by combining drive and steering actions. 

This seven type’s motion is shown in below table. 

Table 2.2: Ackerman drive scheme 
 

Drive Wheels Turn Wheels Vehicle Motion 
Forward Straight Straight forward 
Forward Right Forward right 
Forward Left Forward left 

Backward Straight Straight backward 
Backward Right Backward right 
Backward Left Backward left 

Still Any No motion 
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Figure 2.2: Ackerman drive locomotion 
 

In Figure 2 there illustrates the placement of the wheels and indicates how the vehicle turns in 

Ackerman drive locomotion. 

The Differential-drive locomotion has the advantage over Ackerman steering. In 

Differential drive systems it can change orientation without changing its location. But in 

Ackerman systems there needs minimum turn radius, which affects the maximum curvature in 

their motion. So that in our project we use differential drive system with some modification for 

made it simple and inexpensive. The modified differential drive system is shown in below, 

 

Table 2.3: Modified differential drive system 

Left Wheel Right Wheel Vehicle Motion 
Forward Forward Straight forward 

Backward Backward Straight backward 
Still Forward Turn left on a dime 

Forward Still Turn right on a dime 
Still Still No motion 

 



 

2.3: Microcontroller: 

The hart of this project is a microcontroller. Which control the vehicle and take the 

decision where it should run. In our project we use PIC16F877A microcontroller. The detail 

discussion about microcontroller and PIC16F877A is given in 

 

2.4: Gear DC Motor:  

Whenever we think about making a moveable body then the first think thing comes to our 

mind is that body move on the ground. And there are always two options in our hand as a 

designer whether to use a DC motor

cost. DC motors are always preferred over stepper motors. Wh

microcontroller it can do many things. For example we can control the direction of rotation

control the speed of motor. So you can see DC motors has the advantage and long run feasibility 

over stepper motor. 

DC Motor is an electric motor

motion. Speed of a DC motor 

current flowing in the motor coils and the motor load or braking torque.

proportional to the voltage, and the torque is proportional to the current.

typically controlled by changing 

windings or by having a variable voltage supply

Construction of a DC motor is

and only require a dc supply or battery to make them run.

            A DC motor has five parts, as shown in the diagram below:

 

 

 

 

 

Figure 

The hart of this project is a microcontroller. Which control the vehicle and take the 

decision where it should run. In our project we use PIC16F877A microcontroller. The detail 

discussion about microcontroller and PIC16F877A is given in Chapter -3. 

Whenever we think about making a moveable body then the first think thing comes to our 

move on the ground. And there are always two options in our hand as a 

motor or a stepper motor. As compare to speed, weight, size, and 

cost. DC motors are always preferred over stepper motors. When a DC motor 

microcontroller it can do many things. For example we can control the direction of rotation

control the speed of motor. So you can see DC motors has the advantage and long run feasibility 

DC Motor is an electric motor which converts electrical energy into mechanical 

Speed of a DC motor generally depends on a combination of the voltage and 

current flowing in the motor coils and the motor load or braking torque.

proportional to the voltage, and the torque is proportional to the current.

changing voltage or current flow by using taps in the motor 

windings or by having a variable voltage supply.[1] 

Construction of a DC motor is fairly simple to understand. They are also easy

and only require a dc supply or battery to make them run. 

parts, as shown in the diagram below: 

Figure 2.3: Internal Structure of DC Motor 
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The hart of this project is a microcontroller. Which control the vehicle and take the 

decision where it should run. In our project we use PIC16F877A microcontroller. The detail 

Whenever we think about making a moveable body then the first think thing comes to our 

move on the ground. And there are always two options in our hand as a 

or a stepper motor. As compare to speed, weight, size, and 

 interfaced with a 

microcontroller it can do many things. For example we can control the direction of rotation, can 

control the speed of motor. So you can see DC motors has the advantage and long run feasibility 

converts electrical energy into mechanical 

ination of the voltage and 

current flowing in the motor coils and the motor load or braking torque. Its speed is 

proportional to the voltage, and the torque is proportional to the current. The speed is 

ow by using taps in the motor 

are also easy to make 



 

 Armature or rotor  

 Commutator  

 Brushes  

 Axle  

 Field magnet  

In our project we are using geared DC motor with combination of gear to get high torque. The 

motor is called as gear motor because this has a specific number of RPM based on the 

combination of gears connected to the shaft of dc motor. In figure given below show the simple 

gear combination. 

 

 

 

 

 

 

 

Figure

2.5: IR LED 

 

 

 

 

 

we are using geared DC motor with combination of gear to get high torque. The 

called as gear motor because this has a specific number of RPM based on the 

combination of gears connected to the shaft of dc motor. In figure given below show the simple 

Figure 2.4: Gear Combination 

Figure 2.5: IR LED 
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we are using geared DC motor with combination of gear to get high torque. The 

called as gear motor because this has a specific number of RPM based on the 

combination of gears connected to the shaft of dc motor. In figure given below show the simple 
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The Infra Red Light Emitting Diode or IR LED is an electronic device and emits light 

when current is passed through it. It also light emitting diode but the junction is made such 

material that emits a particular characteristic signal having frequency in the range of infrared. 

This device used as a transmitter. The main difference between IR LED and LED is that IR LED 

emits Infrared Radiations, which we cannot see by our visible eye. The other difference is that IR 

LED takes a lot of current and damage fastly than LED's.[5] 

Like the general diode it operate in forward bias and requires forward operation voltage 

of about 2V and forward operation current in 10 to 20 mA range. The maximum reverse voltage 

which IR LED can withstand is typically 3 to 5V, above this range could damage the component. 

It does not have any current control function, so when use this device; a resistor must be used in 

series to limit the current flow through it. If there need greater range then resistor may be 

reduced to a minimum value with a consequent adverse effect on current consumption. The 

Infrared diode used is of plastic pack and is similar in appearance to the familiar Red LED. 

The IR LED used in this project as an IR transmitter which transmit IR signal 

continuously for detecting obstacle. 

 

2.6: Photo Diode 

A Photo Diode is light sensitive device. The junction of the photo diode is such that it 

generates carriers when the light falls on it. There are different type of diodes, which generates 

carriers in different magnitudes at different frequency that depends on the doping and nature of 

the junction. The liberation of carriers are very small in magnitude which is very much 

dependant on the intensity of the light and frequency signal falling on the junction [6]. 

 

 

Figure 2.6: Photo Diode 

 
   



10 
 

 In the time of forward biased condition the majority carrier current is so high that the 

current generated due to fall of light signal is very negligible. The photon bombardment which 

create  avalanche break down of the junction and generate current which is in the order of 100s 

μA to few 10s of mA. So due to the above mentioned causes the photo diodes is connected in the 

reverse biased condition. When Photo Diode is connected in reverse biased condition the normal 

current is always in the order of few μA and the current generated due to fall of light signal on 

the junction is also in the order of μA so the net current through the diode is appreciably 

increased. The same current pass through the resistor if we connected it in series with Photo 

Diode and drop across the resistance is increased. We can take our output across the resistor. 

  Like the LED a photo diode leads can be identified by seeing the length of the leads. The 

Short lead is the cathode connected to greater voltage. The current flowing through the photo 

diode changes with intensity of the light. 

In this project we use Photo Diode as a sensor to detect the IR signal which comes from 

reflecting the body of obstacle faces by vehicle and IR signal is transmitted from the IR 

transmitter LED. 

 
2.7: Voltage Regulator 

Different voltage regulator ICs are available with fixed (typically 5, 12 and 15V) or 

variable output voltages. They should also rated by the maximum current they can pass. Negative 

voltage regulators are available, if there any dual supplies are required. Most regulators include 

some automatic protection from overheating ('thermal protection') and excessive current 

('overload protection').  

Most of the fixed voltage regulator ICs have 3 leads and look like power transistors. For example 

7805 +5V 1A regulator shown in figure given below.[7] 
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Figure 2.7: Voltage Regulator 
 

 

The voltage regulators are mainly classified for low voltage and high voltage. Further more they 

can also be classified as: 

i) Positive regulator 

1. Input pin 

2. Ground pin 

3. Output pin 

This type voltage regulator regulates the positive voltage. 

Example: LM7805, LM7806, LM7809, LM7812 etc. 

 

ii) Negative regulator 

1. Ground pin 

2. Input pin 

3. Output pin 

And this type voltage regulator regulates the negative voltage.  

Example: LM7905, LM7909 etc 
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Figure 2.8: Typical operating circuit of 7805 

 

In our project we use LM7805 for regulating +12V DC to +5V DC which used to supply 

microcontroller and IR sensors. 

  

2.8: Relay: 

A relay is an electrical switch that opens and closes under the control of another electrical 

circuit. When current flowing through the coil of the relay, it creates a magnetic field which 

attracts a lever and changed the mode of switch contact.  

           In our project we use relay to switch the DC motor to ON/OFF or to rotate in different 

directions clock wise and anti clockwise. The figure of the relay is shown in below.[8] 

 

 

 

Figure 2.9: Relays 

 

 

 



 

2.9: Diode, Resistor &Capacitor

Diode:  

A diode is an electronic component that has two

only one direction. The term diode usual

type used today. Actually this is a crystalline block of

electrical terminals.[9] 

 

Resistor: 

A resistor is most common equipment in electrical circuit. It is a two

terminal component that produces a

current passing through it in accordance with

equipment.  

In an electronic circuit the resistor use as a current limiter. That means it opposes the 

flow of electrical current through itself. It a

applied to it, and then dissipating that energy as heat. By this way, resistors limiting or 

controlling the amount of electrical current in a circuit. They have two ratings or values, one is 

resistance value which is measured in units called 

Omega (Ω). And another is power rating which denote amount of power the resistor can 

dissipate as heat without itself overheating and burning up. Typical modern resistors are ½ watt 

and ¼ watt, used in most applications

: Diode, Resistor &Capacitor: 

is an electronic component that has two-terminal and conducts electric current

The term diode usually refers to a semiconductor diode, the most common 

type used today. Actually this is a crystalline block of semiconductor material c

 
 

Figure 2.10: Diode 

A resistor is most common equipment in electrical circuit. It is a two

that produces a voltage across its terminals that is proportional

passing through it in accordance with Ohm's law. The resistor is basic and simplest 

In an electronic circuit the resistor use as a current limiter. That means it opposes the 

flow of electrical current through itself. It accomplishes this by absorbing electrical energy 

applied to it, and then dissipating that energy as heat. By this way, resistors limiting or 

controlling the amount of electrical current in a circuit. They have two ratings or values, one is 

which is measured in units called ohms and symbolized by the Greek letter 

). And another is power rating which denote amount of power the resistor can 

dissipate as heat without itself overheating and burning up. Typical modern resistors are ½ watt 

and ¼ watt, used in most applications.[10] 
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electric current in 

semiconductor diode, the most common 

connected to two 

A resistor is most common equipment in electrical circuit. It is a two-

proportional to the electric 

The resistor is basic and simplest 

In an electronic circuit the resistor use as a current limiter. That means it opposes the 

ccomplishes this by absorbing electrical energy 

applied to it, and then dissipating that energy as heat. By this way, resistors limiting or 

controlling the amount of electrical current in a circuit. They have two ratings or values, one is 

and symbolized by the Greek letter 

). And another is power rating which denote amount of power the resistor can 

dissipate as heat without itself overheating and burning up. Typical modern resistors are ½ watt 



 

Capacitor: 

A capacitor is a passive electronic device

a dielectric. When a voltage applies across the conductors, an

dielectric. The field stores energy

 

It is known as a capacitor because it has the capacity to store electric charge in it.

much charge it can hold in it is determined by the area of the two plates and the distance between 

them. If area of plate is increase and distance between them is decrease then capacity or 

capacitance is increase or vice versa. The electric field betw

component an interesting and useful property. That is, it resists any change in voltage applied 

across its terminals. So that voltage across a capacitor cannot change instantaneously.

 

2.10: Crystal Oscillators & Push Buttons:

Crystal Oscillators: 

A crystal oscillator is an 

very precise frequency. Its operation is to convert mechanical

of piezoelectric material to electrical signal

 

 

Figure 2.11: Resistor  

electronic device consisting of a pair of conductors

When a voltage applies across the conductors, an electric field is present in the 

energy and produces a mechanical force between the conductors

capacitor because it has the capacity to store electric charge in it.

much charge it can hold in it is determined by the area of the two plates and the distance between 

them. If area of plate is increase and distance between them is decrease then capacity or 

capacitance is increase or vice versa. The electric field between capacitor plates gives the 

component an interesting and useful property. That is, it resists any change in voltage applied 

across its terminals. So that voltage across a capacitor cannot change instantaneously.

 

 

Figure 2.12: Capacitor 

 

Crystal Oscillators & Push Buttons: 

 electronic device that uses to create an electrical signal with a 

. Its operation is to convert mechanical resonance of a vibrating

to electrical signal.[12] 
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conductors separated by 

is present in the 

and produces a mechanical force between the conductors.[11] 

capacitor because it has the capacity to store electric charge in it. How 

much charge it can hold in it is determined by the area of the two plates and the distance between 

them. If area of plate is increase and distance between them is decrease then capacity or 

een capacitor plates gives the 

component an interesting and useful property. That is, it resists any change in voltage applied 

across its terminals. So that voltage across a capacitor cannot change instantaneously. 

that uses to create an electrical signal with a 

of a vibrating crystal 
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Figure 2.13: Crystal Oscillator 

Push Buttons: 

A push-button or simply button is a simple switch used for controlling some aspect of 

a machine or a process. They are used in many devices like telephones, calculators, kitchen 

appliances, and various other mechanical and electronic devices, home and commercial. 

 

 

Figure 2.14: Push Button 

 

2.11:Top2005+ Programmer: 

Top 2005+ program loader used for loading the instruction to the microcontroller. With 

the help of this device we can also erase the program loaded in a microcontroller and reprogram 

it. The figure of this device is given below. [13]  
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Figure 2.15: Top2005+ programmer 

2.12: Transistor (BD135): 

The BD135 is silicon Epitaxial Planar NPN Transistors mounted in plastic package. They are 

used in the project in switching mode.[14] 

Features: 

 Collector-Emitter Volt (Vceo): 45V 

 Collector-Base Volt (Vcbo): 45V 

 Collector Current (Ic): 1.5A 

 Power Dissipation (Ptot): 1.25W 

 Type: NPN 

 

Figure 2.16: Pin Diagram of BD135 



 

2.13: Battery: 

Batteries are used for emergency power supply. They are 

contain plates, usually metallic, and either a solution or a moist compound between the plates. A 

chemical reaction takes place in the battery when it is discharged that produces a flow of 

electrons out one plate on the negative

 

 

 

 

 

 

 

 

 

Batteries are used for emergency power supply. They are electrochemical devices and 

contain plates, usually metallic, and either a solution or a moist compound between the plates. A 

chemical reaction takes place in the battery when it is discharged that produces a flow of 

electrons out one plate on the negative side and into another plate on the positive side.

 

Figure 2.17: Battery 
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electrochemical devices and 

contain plates, usually metallic, and either a solution or a moist compound between the plates. A 

chemical reaction takes place in the battery when it is discharged that produces a flow of 

side and into another plate on the positive side. 
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CHAPTER 3 

Introduction to Microcontroller and Embedded Software  

 
3.1: What is a Microcontroller? 

 A Microcontroller is a single-chip computer or a computer-on-a-chip that contains the 

processor (the CPU), non-volatile memory for the program (ROM or flash), volatile memory for 

input and output (RAM), a clock and an I/O control unit. The name Microcontroller has two 

parts Micro referred that the device is small and controller tells that the device might be used to 

control objects, processes or events. There is other term Embedded Microcontroller referred that 

it support circuits are often built into or embedded in the devices for control.[15] 

Now-a-days we find microcontroller in all kinds of modern device. In desktop computer, 

we may find microcontrollers inside keyboards, printers, modems, and other peripherals. It 

works for measures, controls, stores or displays information by placing microcontroller inside 

any device. In test equipment, where microcontrollers used to store measurement, to create and 

store user routines, to display messages and waveforms. Consumer products where use 

microcontroller like cameras, video recorders, compact-disk players, and ovens. The largest 

single use of microcontroller is in the field of automobiles-car. They manufactured today 

includes at least one microcontroller for engine control and more to control additional systems. 

And they are some applications where we use microcontrollers.[16] 

3.2: Block Diagram of the Microcontroller: 

 

Figure 3.1: A basic block diagram of a typical Microcontroller 
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3.3: Comparing Microcontrollers with Microprocessors: 

 

 

Figure 3.2: Different Part of Microcontroller 

A Microcontroller has the similarity with the microprocessor. For examples Intel’s 8086, 

Zilog’s Z80. Both microprocessor and microcontroller has CPU. The CPU do every logical and 

mathematical operation, executes instructions and data moving functions. To perform a 

microprocessor in a computer there need some other parts like memory for storing data and 

programs, and I/O interfaces for connecting external devices like keyboard and displays. Beside 

this, microcontrollers are a single chip computer as they contain CPU with additional memory 

and I/O interfaces. As there has the limitation in memory and interfaces that can fit on single 

chip, so microcontrollers need to be used in smaller system.[2] 

The microprocessor is concerned with rapid movement of data and code from external 

address to the chip. On the other hand microcontroller is concerned with rapid movement of bits 

with in the chip. The microcontroller can function as a computer without external digital parts; 

the microprocessor must have many additional parts to be operational. There are some examples 

of popular microcontrollers are Intel’s 8052, PIC16F877A. 
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3.4: PIC Microcontroller Family: 

The microcontroller acts like the brain for the vehicle which take the decision where it 

will go. This is the main controller of the vehicle. When the vehicle is turned on, the main 

controller is ready to receive an obstacle scanned by the IR sensor. Once the data is received, 

microcontroller decides the direction to which the vehicle should turn. Then the appropriate 

signal will be sent to the DC motor to get the desired direction. 

PIC microcontroller, made by microchip technology is a family of Harvard architecture 

microcontrollers. The name PIC initially referred to “Programmable interface controller”, but in 

later it renamed as “programmable intelligent computer”. PIC is popular due to their low cost, 

large user base, large user community, wide availability, extensive collection of application 

availability of free or low cost development tools and serial programming (and re-programming 

with flash memory) capability. 

 

3.4.1: 8-bit CPUs core architecture: 

 

The architecture of PIC is distinctively minimalist. It can characterize by the following 

features: 

1. Separate spaces for code and data. (Harvard architecture) 

2. Minimum number fixed length instructions. 

3. A single accumulator that use of which (as source operand) is implied (i.e is not encoded in 

the opcode). 

4. Most of the instructions are simple cycle execution (4 clock cycles) with single delay cycles 

upon skips and branches. 

5. For storing return addresses there is a hardware stack. 

6. A fairly low amount of addressable data space (typically 256 bytes), extended through 

banking. 

7. All RAM location function as registers as both source and/or destination of math and other 

functions. 

8. Data space mapped CPU, peripheral registers and port. 
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9. No distinction ‘memory” and “register” space because the RAM serves the job of both 

memory and registers and the RAM is usually just referred to as the register file or simply as the 

registers. 

 

3.5: Architecture of the PIC Microcontroller: 

 

3.5.1: Harvard architecture 

The concept of Harvard architecture is newer than Von-Neumann’s. It comes out for 

speed up the work of the microcontroller. In Harvard architecture, address bus and data bus are 

separate. Thus flow of data is faster through the central processing unit, and of course, a greater 

speed of work. As there is the function of Separating a program from data memory which makes 

it further possible for instructions not to have to be 8-bit words.  

 

The PIC 16F877 uses 14 bits for instructions which allows for all instructions to be one 

word instructions. It is also normally shown in Harvard architecture to have fewer instructions to 

be one word instructions. Moreover in Harvard architecture, it is typically shown to have fewer 

instructions than Von Neumann’s and to have instructions to be executed in one cycle. The major 

advantage of this architecture is that while an instruction is being executed the next can be 

fetched. There have double execution speed. We find this type architecture in PIC16F877A.[17] 

 

 PIC uses Harvard architecture, so there is difference between size of an instruction and 

size of the data. 

 

 
 
 

Figure 3.3: Harvard Architecture 
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3.6: PIC 16F877A: 
 

 
 

Figure 3.4: PIC 16F877A Microcontroller 
 

PIC 16F877A is one of the most commonly used microcontrollers especially used in 

automotive, industrial appliances and consumer applications. PIC16F877A has the place in upper 

end of the mid range series of the microcontrollers developed by microchip Inc. It can be 

reprogrammed and erased upto 10,000 times. Therefore it is very useful and good for new 

product development phase. Low cost and most available made it very popular.[18] 

 
3.7: Internal Architecture of PIC16F877A: 
 

 
 

Figure 3.5: Architecture of PIC16F877A[18] 
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3.8: Pin Layout of PIC16F877A: 
 

 
 

Figure 3.6: Pin Diagram of PIC16F877A [18] 
 

 

I/O Pins: 

 

There are 40 pins on PIC 16F877A and from them most of used as an I/O pin. Others 

pins has specific function.  

 

MCLR: 

 

             The pin no. 1 is used as Master clear (reset) input. This pin is an active low input for the 

device. The function of this pin is to erase the memory locations inside the PIC (i.e. when we 

want to re-program it). Normally it is connected to the positive supply rail. 
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VSS and VDD: 

These pins are referred as power supply pins. VDD is connected to the positive supply 

and VSS is connected to the negative supply or 0V. The maximum supply voltage that we can 

use is 6V and the minimum is 2V. In general +5V used as a positive supply. 

 

OSC1/CLK IN and OSC2/CLKOUT: 

These pins are used to input and output for oscillator crystal. In these pins where we connect an 

external clock so that the microcontroller has some kind of timing. Normally these are connected 

to crystal oscillator. 

 

3.9: PIC 16F877A Device Features: 

Table 3.1: Key features of PIC16F877A  

FLASH Program Memory 8K Words 

Data Memory (RAM) 368 Bytes 

Data Memory (EEPROM) 256 Bytes 

I/O Ports Ports A, B, C, D, E 

Timers 3 

Interrupts 14 

Capture/Compare/PWM 
Modules 

2 

Serial Communications MSSP, USART 

Parallel Communications PSP 

A/D Channels 8(10 Bit) 

Analog Comparators 2 

instruction Set 35 Instructions 

Package 40 Pin DIP 

 

 
 
 



25 
 

3.10: Introduction to mikroC PRO for PIC: 
 

MikroC PRO for PIC is a popular, powerful and feature rich development tool for PIC 

microcontrollers. It is designed for serve the customer or the programmer with the easiest 

possible solution for developing applications for embedded systems, without compromising 

performance or control. MikroC PRO for PIC provides highly advanced IDE, broad set of 

hardware libraries, ANSI compliant compiler, comprehensive documentation and plenty of 

ready-to-run examples.  

PIC and C work together very well. C language prized for its efficiency, is the natural 

choice for developing embedded systems and PIC is the most popular 8-bit chip in the world, 

used in a wide variety of applications. It provide world's most intuitive C compiler for PIC 

Microcontrollers (families PIC12, PIC16, and PIC18). It contain many practical code examples, 

broad set of built-in routines, useful implemented tools and a comprehensive Help which makes 

mikroC PRO for PIC a fast and reliable tool[19] 

 

 

3.10.1 Features of mikroC PRO for PIC:  

 

MikroC PRO for PIC provides some of feature: 

■ Source code can write in C using the built-in Code Editor. 

■ Provide huge library function for speed up the development: data acquisition, memory, 

displays, conversions, communication etc. 

■ Program structure, variables, and functions can be monitored in the Code Explorer.  

■ Inspect program flow and debug executable logic with the help of integrated Software 

Simulator. 

■ Provide detailed reports and graphs: RAM and ROM map, code statistics, assembly listing, 

calling tree, and more. 

■ Generate human-readable assembly, commented, and standard HEX compatible with all 

programmers. 

■ MikroC PRO for PIC provides huge examples to expand and develop. 
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Figure 3.7: MikroC PRO window[19] 

 
3.11: MikroC PRO IDE Overview: 
 

MikroC PRO IDE has ten different parts through which we can make the projects. These 

are Code Editor, Code Explorer, Project Manager, Project Setting, Error window, Routine List, 

Library Manager, Statistics, Integrated tools, keyboard shortcuts. 

 
Figure 3.8: Various parts of mikroC PRO IDE[19] 
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3.12: Projects: 

 

To create Hex file for the microcontroller mikroC PRO for PIC provide the option 

PROJECT. In mikroC PRO for PIC IDE, there have the option to several projects being 

connected together to create a project group. 

 

The project file contains the following information: 

-  Project name and optional description, 

-  Target device, 

-  Device flags (config word), 

-  Device clock, 

-  List of the project source files with paths, 

-  Header files (*.h), 

-  Binary files (*.mcl), 

-  Image files, 

-  Other files. 

 

3.12.1: New project: 

 

To create a project is by means of the New Project Wizard, dropdown menu Project › 

New Project or by clicking the New Project Icon from Project Toolbar. 

 

3.12.2: New project wizard steps: 

Start creating new project, by clicking Next button: 
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Figure 3.9: New Project Wizard Window 

 

Step One – 

Select particular device from the device drop-down list. 

 

 
 

Figure 3.10: Window of Step One 
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Step Two – 

Set the oscillator frequency value. 

 

 
 

Figure 3.11: Window of Step Two 
Step Three – 

Specify the location where the project will be saved. 

 

 
 

Figure 3.12: Window of Step Three 
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Step Four – 
Add project file to the project if they are available at this point. We can always add 

project files later using Project Manager. 

 

 
 

Figure 3.13: Window of Step Four 

Step Five –  

Click Finish button to create New Project. 

 
 

Figure 3.14: Window of Step Five 
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3.12.3: Compilation: 

After the program is written, it is necessary to compile it into a program (.hex) code. For 

this select one of the build options from PROJECT menu: [17] 

 

1. To create a HEX file, select Build (Ctrl+F9) from the project menu or clicking the Build icon 

file from the project tool-bar. 

2. To create all files within the project, select Build All Projects (Shift+F9) from the project 

menu. 

3. There is a special option in mikroC PRO for PIC compiler to automatically load the program 

into the microcontroller after compilation. For find this option select Build+Program(Ctrl+F11) 

from the project menu. 
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CHAPTER 4 

DESIGN & IMPLEMENTATION 

 

4.1: Circuit Diagram: 

 

 

 

Figure 4.1: Circuit Diagram of Self Guided Vehicle 

 

Here show the complete circuit diagram of the project. The port B (RB0 to RB4) of the 

PIC16F877A microcontroller is used for input function in where output signal of IR sensor are 

come. The other port A (RA0 to RA3) and port D (RD0 to RD3) are used for output function in 

where DC motor driver circuits are connected. When obstacle sensed by the any of five IR 
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sensor it send the signal to microcontroller and then microcontroller send the output signal to DC 

motor driver circuit by which it was programmed.  

 

4.2: IR Sensor: 

Obstacle detecting by Self Guided Vehicle can be done with the help of IR sensor. In IR 

sensor we have taken elements IR LED as a source and photo diode as a destination. IR LED 

used as a transmitter which transmit continuously IR signal. And Photo Diode act as a receiver 

for receive the IR signal. When an obstacle come in front of the vehicle the IR signal is reflected 

from the body of the obstacle and this reflected signal is received by the Photo Diode. Then it 

sends the proper signal to the microcontroller. 

 

 

Figure 4.2: IR Sensor 

 

4.3: Performance Test of IR Sensor: 

The performance of IR sensor can be test by placing different type and different color 

obstacle in front of vehicle. We use different type of obstacle like; white paper, human hand, 

stone etc. The sensibility of IR sensor for different type is shown in next page. 

To 

Microcontroller 
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For White Color Paper:  

Table 4.1: Sensibility of IR Sensor for White Color Paper 

SL. Distance Remark 

1 1 cm IR Sensor Response 

2 2 cm IR Sensor Response 

3 3 cm IR Sensor Response 

4 3.5 cm IR Sensor Response 

5 4 cm to above IR Sensor Not Response 

 

For Stone:  

Table 4.2: Sensibility of IR Sensor for Stone Obstacle 

SL. Distance Remark 

1 1 cm IR Sensor Response 

2 2 cm IR Sensor Response 

3 2.5 cm IR Sensor Response 

4 2.5 cm to above IR Sensor Not Response 

 

For Human hand:  

Table 4.3: Sensibility of IR Sensor for Human Hand 

SL. Distance Remark 

1 1 cm IR Sensor Response 

2 2 cm IR Sensor Response 

3 2.5 cm IR Sensor Response 

4 2.5 cm to above IR Sensor Not Response 
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For Wall:  

Table 4.4: Sensibility of IR Sensor for Wall 

SL. Distance Remark 

1 1 cm IR Sensor Response 

2 2 cm IR Sensor Response 

3 2 cm to above IR Sensor Not Response 

 

For Blue Color Paper:  

Table 4.5: Sensibility of IR Sensor for Blue Color Paper 

SL. Distance Remark 

1 1 cm IR Sensor Response 

2 2 cm IR Sensor Response 

3 3 cm IR Sensor Response 

4 3 cm to above IR Sensor Not Response 

 

For Black Color Obstacle: 

Table 4.6: Sensibility of IR Sensor for Black Color Obstacle 

SL. Distance Remark 

1 Any distance IR Sensor Not Response 

 

4.4: Control of DC Motor: 

As we need to run the DC motor in both directions, we use DC motor drive. For our 

project we made our DC motor drive using transistor, relay and diode. 

 

4.4.1: DC motor driver circuit: 

The DC motor driver circuit used for control the direction of DC motor rotation by which 

our vehicle can move any where. The driver circuit consists of some basic electrical and 



36 
 

electronic equipment. In our vehicle there exist two identical DC motor driver circuit for control 

the rotation of two DC motor which are connected with two front wheels. Each driver circuit 

consist four electro magnetic relay, four diode, four transistors and a DC motor. Every 

equipment are connected properly as it shown in figure (fig: 4.3) given below. 

                             

           Figure 4.3: DC motor driver circuit 

 

4.4.2: Operation: 

■ When output of the microcontroller is such that it supply voltage in the base of transistor Q1 

and Q2 for that relay -1 and relay-4 are operate then the DC motor rotate in clockwise direction. 

This is shown in figure (fig: 4.4) in next page[3]. 
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Figure 4.4: DC motor rotate in clockwise direction 

■ But when output of the microcontroller is such that it supply voltage in the base of transistor 

Q3 and Q4 for that relay -2 and relay-3 are operate then the DC motor rotate in counter 

clockwise direction. This is shown in below figure[3]. 

 

Figure 4.5: DC motor rotate in counter clockwise direction 
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CHAPTER 5 

CONCLUSION & RECOMMENDATION 

 

4.1: Discussion:  

Self Guided Vehicle is the platform to learn controls, robotics and automation. The 

distinct feature of this vehicle made it popular all over the world. Today this type of vehicle 

contain advance feature like GPS navigation, Vision sensing technology etc. The ability of 

expanding its feature and modification its function made it more flexible then other vehicle. 

 

4.2: Limitation: 

 The project has some drawbacks. The sensibility range of sensing obstacle by IR sensor 

is not adequate. So, sometime the vehicle made a clash with the obstacle. In the DC motor driver 

circuit we use relay for switching the DC motor which made a sound at the time of switching. 

This switching sound of relay made the vehicle noisier. The two free wheeler in back side of the 

vehicle made some friction problem at the time of vehicle motion. 

 

4.3: Possible Future Improvements: 

 In future we want to add some new feature in our Self Guided vehicle. Vision base 

obstacle sensing by using Image Processing technique should be used because a better sensor 

would benefit the performance of the vehicle and stronger its function. Also we want to add the 

GPS navigation feature for made the vehicle more flexible and more control. 

 

4.4: Conclusion: 

 The development of Self Guided Vehicle is a laborious undertaking that produced an 

unmanned autonomous vehicle experimentation platform. After implementing and analyzing the 

output of the project it can be said that this autonomous vehicle can fulfill the demand of modern 

age by its unique feature.  The limited cost of this vehicle is also an impotent term for its 

construction and development. The electronic circuitry of the vehicle is simpler and very easy to 

understand. At last it can say that the Self Guided Vehicle give a clear concept about automation, 

control and robotics. 
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Appendix 

Program for Microcontroller (PIC16F877A) 
 

sbit s0 at rb0_bit; 

sbit s1 at rb1_bit; 

sbit s2 at rb2_bit; 

sbit s3 at rb3_bit; 

sbit s4 at rb4_bit; 

void init() 

{ 

 trisb=255; 

 portb=0;    //port b as input and set initial value to zero 

 trisd=0; 

 portd=0;    //port d is output and initial value is zero 

} 

 

void moveForward() 

{ 

 portd=0b10101010; 

} 

 

void moveBackword() 

{ 

 portd=0b01010000; 

} 
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void moveLeft() 

{ 

 portd=0b10100000; 

} 

 

void moveRight() 

{ 

 portd=0b00001010; 

} 

 

void stop() 

{ 

 portd=0; 

} 

 

 

void main()  

{ 

 init();  //initialize modules 

 moveForward(); 

 while(1) 

   { 

       if(s1||s2||s3)  // obstacle sense by front sensor 

      { 
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       stop(); 

       delay_ms(1000); 

       if(s2&&s1) 

         { 

          stop(); 

          moveRight(); 

          delay_ms(2000); 

          stop(); 

          moveForward(); 

         } 

       else if(s2&&s3) 

         { 

          stop(); 

          moveLeft(); 

          delay_ms(2000); 

          stop(); 

          moveForward(); 

         } 

       else if(s2) 

         { 

          moveBackword(); 

          delay_ms(2500); 

          stop(); 

          if(!s0) 

            { 
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             moveLeft(); 

             delay_ms(2000); 

             stop(); 

             moveForward(); 

            } 

          else 

            { 

             moveRight(); 

             delay_ms(2000); 

             stop(); 

             moveForward(); 

            } 

         } 

       else if(s3) 

         { 

          moveLeft(); 

          delay_ms(2000); 

          moveForward(); 

         } 

       else if(s1) 

         { 

          moveRight(); 

          delay_ms(2000); 

          moveForward(); 

         } 
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       } 

    else 

        moveForward(); 

 

   } 

} 

 

 


