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ABSTRACT 
 

 

 

Line tracking and obstacle avoidance behaviors are the critical challenge in the creation 

of autonomous mobile robots. Mobile robots must be able to operate within normal 

environments to carry out different tasks, such as banks surveillance and transportation of 

goods without any human intervention. This report describes the design and development 

of an autonomous mobile robot which exhibits line tracking and obstacles avoidance 

behaviors. The PIC16F877A microcontroller has been chosen as the brain to control the 

system. There are 2 types of software that are used in programming development which 

are MPLAB Integrated Design Environment (IDE) and HI-TECH PICC Lite C Compiler 

software. MPLAB IDE software is used to program the PIC16F877A microcontroller in 

C language and the HI-TECH PICC Lite C Compiler is used to convert source code into 

machine instructions. Tracking system is developed for the mobile robot to have 

navigation ability. Sensor arrays that are used will be able sense a line and maneuver the 

robot to stay on course, while constantly correcting its position using feedback 

mechanism forming a simple yet effective closed loop system. Contact detection 

approach is used in this project in order to avoid the mobile robot from colliding with 

obstacles. The testing phase results had shown that successful programming algorithm 

had been implemented. Several suggestions of improvements to the robot have been 

recommended from the observation at the end of the report.  
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ABSTRAK 
 

 

 

Pembangunan robot bergerak yang memiliki kemampuan untuk menuruti satu laluan dan 

mengelak sebarang halagan merupakan satu cabaran yang agak kritikal. Robot bergerak 

ini perlu ada sifat-sifat tersebut bagi menghadapi manusia di sekelilingnya semasa 

beroperasi, sekiranya ia ditugaskan untuk menjalankan kerja seperti mengawasi 

keselamatan bank dan mengangkat barang-barangan. Laporan ini membentangkan sebuah 

rekabentuk dan pembangunan sebuah robot bergerak yang boleh mempamerkan 

kebolehan untuk menuruti satu garis laluan dan mengelak sebarang halangan yang telah 

dikesan. Microcontroller PIC16F877A telah dipilih untuk mengawal sistem yang telah 

digunakan. Dua jenis perisian telah digunakan dalam pembangunan pengaturcaraan iaitu  

MPLAB Integrated Design Environment (IDE) dan HI-TECH PICC Lite C Compiler. 

Sistem penjejakan dibangunkan untuk membolehkan pelayaran robot. Dengan susunan 

penderia yang digunakan, ia akan mengesan dan memandu robot tersebut sentiasa di 

dalam kedudukannya sementara ianya berterusan dengan bantuan sistem maklum balas 

atau gelung tertutup yang mudah dan berkesan. Pengesan sentuhan digunakan di dalam 

projek ini adalah untuk tujuan mengelak pelanggaran. Hasil daripada fasa ujian yang 

telah ditunjukkan adalah algoritma pengaturcaraan telah dilaksanakan. Beberapa 

cadangan untuk penambahbaikan robot akan diusulkan setelah membuat pemerhatian 

akan dinyatakan di akhir laporan ini. 
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CHAPTER 1 
INTRODUCTION 

 

 

 

1.1 Background 
 

Robot is the one of technology that is growing rapidly in our modern world. We can see 

that, the utilization of robot today had being widely used in various fields. The robot can 

be used either to aid in human duty or replace the use of human to do a certain works. 

For example, robot has already widespread used in the industry especially in 

manufacturing sector where it used to replace the use of manpower in lifting heavy 

material or assembling part in production line. It may be caused by several factors such 

as may increase productivity, enhance quality and also can perform a dangerous task. 

 

Robot can defined as a mechanism which moves automatically and be able to deal with 

the changing information received from its environment. Generally, robots have three 

main parts known as actuators, sensors and controllers. Sensors are devices that used to 

detect information from it’s environment. These detected information or input 

information are transformed into electrical signals and its will send to the controller. The 

controller processes the inputs by executing the functions of operation that have been 

programmed such as start, stop, reverse and speed change. The output signals that have 

produced by controller are conveyed to the actuators to perform a desired operation. 

Within all these part we can conclude that the robot have similar characteristics to 

human. Figure 1.1 shows the similarity of feature between human and robot.  
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Figure 1.1: Block Diagram of Similarity between Human and Robot. 

 

 

1.2 Problem Statement 
  

Sensor is one of the important components in line tracking robots. It is because the skills 

of line tracking robots are highly dependant on the effectiveness of the sensor. 

Surrounding light could make the sensor produce a signal whereas it shouldn’t. This will 

cause the controller to make a wrong decision. As a result the robots will make 

unnecessary movement and can’t achieve it’s objective. The contrast between the 

background and the line can also cause a problem to the sensor. The sensor may detect 

the background as its line thus making a wrong decision.  

 

This project will also consider of noise which is produced by electric dc motor. The 

motor that will be used may be able to contribute imbalance to the PIC microcontroller. 

Noise or interference consists of unwanted electrical signals which imposes on and 

masks the desired signal. Noise is always present in a system that involves high power 

and small signal circuitry. The source of the noise could be from the switching of the 

driver circuits or the motor itself. Internally, the relatively high current motor drivers are 

the source. Electrical unbalance occurs when the magnetic attraction between stator and 

rotor is uneven around the periphery of the motor. This causes the shaft to deflect as it 

rotates creating a mechanical unbalance. Electrical unbalance usually indicates an 

electrical failure such as an open stator or rotor winding, an open bar or ring in squirrel 
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cage motors or shorted field coils in synchronous motors. An uneven air gap, usually 

from badly worn sleeve bearings, also produces electrical unbalance. 

 

 

1.3 Project Objectives  

 

The main aim of this project is to design an autonomous line tracking robot with the 

ability to avoid obstacle. This aim is achieved through these objectives: 

 

1. To design and build the structure of an autonomous robot. 

2. To construct suitable electronic circuits and integrate them with the robot 

structure.  

3. To program the PIC to achieve line tracking and obstacle avoidance behavior. 

 

 

1.4 Scope 

 

In order to design a successful autonomous robot, scopes are required to assist and guide 

the development of the project. The scope should be identified and planned to achieve 

the objective of the project successfully on the time. The first scope for this project is 

literature study on journals or books that related with the project. The purpose of 

literature study is to find all information which can help in completing this project. The 

next scope in this project is design and fabricates of body structure for the mobile robot. 

This project will be more focused on the construction of electronic circuit which uses a 

PIC microcontroller to control the motion of the robot. In order to make the robot 

performs the desired task; a programming development will be executed.  
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1.5 Project Overview 
 

The goal of this project is to design an autonomous robot that can follow the defined 

path and detect obstacles. The concept of this robot is a wheeled robot that can move in 

two directions: forward and backward. The movement of the robot will be driven by two 

motors. As a path guideline, white line is created on the dark floor in order to make the 

contrast between of them should be large enough. In this project, the photoelectric 

sensors will be used to detect the white line and then convert into the electrical signal. 

There are four sensors will be used where three of them are placed close together at the 

front side of the robot and one sensor at the backside of the robot.   

 

If the middle sensor at the front side and the sensor at the backside sense a presence of 

reflection, the robot will be properly positioned on the line. If the left or the right sensor 

sense a presence of reflection, the robot is not proper position on the line. In order to 

control these statements, the PIC controller is used to make a decision whether the 

motors should be move forward or backward depending on the instruction that have 

been programmed. Other feature of this robot is detecting the obstacle on the path. This 

feature is developed in order to avoid the robot from collusion with an obstacle and 

protect the motor from stalling.  

 

This chapter describes the problem statement, objectives, project scope and overview of 

the project. Chapter 2 will describes more detail the fundamentals of mobile robots and 

its involved component. This chapter also explained about types of mobile robot 

navigation and previous studies on the performance of the mobile robots published in 

books and journals. While in the chapter 3 will presents the planning process from the 

beginning till the project completed. This report also includes the discussion and 

conclusion in the chapter 4 and 5. 

 
 

 



 

 

 

CHAPTER 2 
LITERATURE REVIEW 

 

 

 

2.1 Introduction to Robot 

 

Nowadays, majority of public have known what is robot. This is because, we can see 

that the robot already much used around our environment especially in industry, house, 

office and also military. However, the word of robot was introduced to several decades 

ago. The word robot is originated from the word Chez robota which means menial labor. 

We also found that there were many difference definitions if we refer to difference 

dictionaries. Therefore, the following definition from the Robot Institute of American 

can reflect main features of modern robot systems [1]. 

 

 ‘A Robot is a re- programmable multifunction manipulator designed to move 

materials, parts, tool, or specialized devices through variable programmed motions for 

performance of a variety of tasks.’[1]   

 

According to the above definition, we can say that the robot is the machine that used to 

carry out a variety of task such as transfer the material from one location to another. The 

robot that performs their tasks is depending on the motions that have been programmed.  

The re- programmable multifunction is the most important feature in order to make the 

robot more adaptable to the task change.  
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2.2 Robot Categories 
 

When looking different kind and design robot which have been produced by various 

companies today, we could classify these robots into 2 main categories which are 

industrial robots and mobile robots. 

 

 

2.2.1 Industrial Robot  

 
The first category of robot is the fixed robot or more popularly known as industrial robot. 

Most of the industrial robots today are developed similar to the human arm. These robots 

are usually equipped with end-effector to perform a variety of task such as gripper used 

in material loading or part assembling and welded head used in welding process. Besides 

that, most of the industrial robots are also furnished with humanlike characteristics in 

order to make them more intelligent. Industrial robots are become most important in 

industry because it can be more competitive and can do some things more efficiently 

than people. The main advantages the use of industrial robot may be to increase the 

speed of production rate and additionally to reduce the mass production cost. Robots 

never get sick or need to rest, so they can work for a long period. Furthermore, they can 

also be carrying out the task which would be dangerous for a person. In the earliest, the 

most applications of the robot are used for material transferring, part sorting, part 

inspection and part cleaning. However the performances of the industrial robot are often 

enhanced in order to perform tasks that need accuracy such as part assembly and 

continuous arc welding [2]. 

 
 
 
 
 
 
 
 



 7 

  

 
Figure 2.1: Assembly Line Robot [9]. 

 

 

2.2.1.1 Classification of Industrial Robots  
 

Industrial robots are only able to carry out their tasks in their work-space. Work-space 

means the maximum point of reach for the end-effector of an industrial robot. Usually, 

the work-space of industrial robots exists in 3 dimensional spaces. They also have a 

different work-space according to the 2 type of motion which are linear and rotate. The 

first 3 joint at the robot or called 3 major axes combination contribute the various shape 

of work-space and its can determine the position of wrist. Therefore, statements below 

will describe the 4 basic types of movement of industrial robot [3]. 

 

Cartesian Co-ordinate Robot: The first 3 major axes combination of this robot are linear. 

This robot is mounted in 2 ways either gantry mounted usually for a large Cartesian 

robot or mounted on track on the floor. It’s sometimes called an x-y-z robot, indicating 

the axes of motion. The x-axis is lateral motion, the y-axis is longitudinal motion, and 

the z-axis is vertical motion. Thus, the arm can move up and down on the z-axis; the arm 

can slide along its base on the x-axis; and then it can telescope to move to and from the 
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work area on the y-axis. The Cartesian co-ordinate robot was developed mainly for arc 

welding, but it is also suited for many other assembly operations [1].   

 

         
Figure 2.2: Cartesian Robot and it’s Work-Space [10] 

 

Cylindrical Co-Ordinate Robot: The cylindrical co-ordinate robot is a variation of the 

Cartesian robot. This robot consists of a base and a column, but the column is able to 

rotate. It also carries an extending arm that can move up and down on the column to 

provide more freedom of movement. The cylindrical co-ordinate robot is designed for 

handling machine tools and assembly [1].      

          

    
Figure 2.3: Cylindrical Robot and it’s Work-Space [10]. 

 

Polar Co-Ordinate Robot: The polar co-ordinate robot or spherical co-ordinate robot 

consists of a rotary base, an elevation pivot, and a telescoping extend-and-retract boom 

axis. These robots operate according to spherical co-ordinates and offer greater 

flexibility. They are used particularly in spot welding [1]. 
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