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ABSTRACT

This project is about the implementation of GPS on a mobile robot in outdoor
environment. The GPS consist of a 32 channel receiver and a GPS evaluation board,
interfaced with a microcontroller 16F877A via signal converter. This project is categorized to
three main parts which include electric circuit, mechanical design and microcontroller
programming,.

The main objective of this project is enabling the automatic mobile robot to establish
its own location on earth and use GPS information to navigate and move to a defined point.
For further implementation, the mobile robot with better controllability might be able to
construct.

The concept of this project is to use GPS to gather information such as bearing,
distance and location and compare with a defined point. The program can determine whether
the mobile robot should move forward, turn or even move backward by differentiating the
distance and direction. The program used to process the data is C language. C compiler will
execute the HEX file which needed to be downloaded into the PIC chip. The mechanical part

will use differential drive to perform movement of the mobile robot.
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ABSTRAK

Projek sarjana muda ini adalah tentang pelaksanaan GPS pada robot bergerak di
persekitaran luar bersama dengan sensor jarak. GPS terdiri daripada penerima 32 saluran dan
papan evaluasi GPS. Ia dihubungkan dengan mikrokontroler dengan melalui pengubah
isyarat. Projek ini dikategorikan kepada tiga bahagian utama, termasuk rangkaian elektrik,
pembinaan stuktur mekanik dan pengaturcaraan mikrokontroler.

Objektif utama projek ini adalah membolehkan robot bergerak menetapkan lokasi
sendiri di bumi dan menggunakan maklumat dari GPS untuk bergerak ke tempat yang
ditetapkan pengguna. Untuk pelaksanaan lebih lanjut perhubungan dengan pusat kawalan
mungkin boleh diperolehi.

Konsep dari projek ini adalah dengan menggunakan GPS untuk mengumpul
maklumat seperti bearing, jarak dan lokasi dan membandingkan dengan titik yang ditetapkan
pengguna. Program dapat menentukan apakah suatu perintah pergerakan samada untuk
bergerak maju, berubah atau mundur dengan membezakan jarak dan arah. Program yang
digunakan untuk memproses data adalah dengan menggunakan bahasa C. C compiler akan
mengeksekusi file HEX yang diperlukan untuk dimuat turunkan ke dalam PIC cip. Bahagian

mekanikal akan menggunakan drive diferensial untuk melakukan gerakan mobile robot.
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CHAPTER 1

INTRODUCTION

This chapter describes the project overview, problem statement, project objectives,
and project scope. Problem statement explains about engineering issues for this project.
The project objective is the description of the expected result and goal of this project.

Project scope explains about the limitations and boundaries on this project.

11 Project Overview

This project is about GPS Implementation on Mobile Robot. This project is
developed by interfacing GPS system with microcontroller for localization and navigation
of a mobile robot. The system consists of two continuous phases, which are localization
phase and navigation phase. For localization phase, the GPS system will receive the
localization data from satellite signal to determine the global coordinate of the robot. Then
it will send the coordinate data to microcontroller through signal converter to input current
location data. Current location data will the display through LCD. For navigation phase,
microcontroller will process the localization data for current coordinate and compare with
destination coordinate. Then, a navigation algorithm will be navigating the mobile robot to

its destination.

1.2 Problem Statement

Nowadays, the GPS system is so advanced that the size has been reduced to

miniature size and the precision of the GPS system has also been increased. These

immsnvntramantoe af (IDQ mala it sacwv tn imnlement inta aother devices annich ag antonomons
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and control, where hazardous areas can be mapped efficiently and safely using remote
controlled vehicle.

By completing this project, a mobile robot with self-navigation GPS will be
produced. By setting the goal point, the mobile robot can navigate itself to the destination.
The platform can be used in many ways depending on the additional hardware added.
Such applications include information gathering, transportation of small materials,

environment surveying, and military uses.

1.3 Project Objective

The goal of this project is to develop a GPS implemented mobile robot that can
perform localization and navigation to a predefined coordinate. To achieve the goal, this
project aims to meet several objectives as below:

- To design and establish basic structure of mobile robot,
- To design interface for microcontroller with GPS system,
- To implement of localization and navigation using information from GPS system,

- To analyze the effectiveness of GPS system on mobile robot.

14 Project Scope

This project is aim to design and develop a GPS implemented mobile robot which
can perform localization and self navigation in outdoor and open space environment. This
GPS implemented mobile robot is designed to perform short range navigation in flat
surface and obstacle free area. There is no other sensor except GPS system that is installed
in this mobile robot.

This project consists of the construction of mechanical structure of mobile robot,
design of electronic circuit, software programming, and analysis of the effectiveness of the
GPS on mobile robot. Mechanical structure of mobile robot is built by using extruded
aluminium so that it can be assembled with the entire component of mobile robot such as

motors, wheels, batteries, circuit board and GPS system. This mobile robot consists of

teern Almnbonsnin aiemaita arhinh aea maurar cirenit far valtaoe reonilatinon and ecantral cirennit
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software for localization and navigation have to be designed using C language for mobile
robot so that it can perform its task. Finally, test running of mobile robot have to be done
at an open area at the UTeM tennis court to evaluate the effectiveness of GPS system on

mobile robot.

‘? Universifi Teknikal Malaysia Melaka



CHAPTER 2

LITERATURE REVIEW

The literature is founded based on its content which is related to the GPS
implementation on the mobile robot project. Source of the idea of this design, concepts,
specifications, and other information that are related to this project will be explained.

There are two related paper and one similar project that are included in this review.

2.1 First Review: Autonomous Robot Using Environmental Sensing and

Navigational Algorithms [4]

This paper was developed by Chris Forster from The University of Reading on
2005. This paper outlines a few of the design and implementation methods of an
autonomous mobile robot which is required to move between a series of GPS points
avoiding obstacles in its path. The robot features a variety of different hardware and
software. The hardware consists of sonar, GPS, motors, PC and a CAN, and the software
is a custom built package designed to incorporate them all together. The details of the
paper outline the reasons for the robot being built. It goes into detail with regards to the
hardware implementation of the GPS, the methods used to determine the location of the
robot, how the robot moves between waypoints while building up a map of the local space

and also the reaction of the robot if dynamic obstacles, such as if cars interrupt its path.

2.2 Second Review: An Outdoor Navigation System Using GPS and Imertial
System [12]

Thic naner ic davealaned hy Q@ Panzieri ' F Paceneri and (3 TTlivi fram TTniversita
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This paper present a localization algorithm based on Kalman filtering that tries to fuse
information coming from an inexpensive single GPS with inertial and, sometimes
uncertain, map data. The algorithm is able to produce an estimated configuration for robot
that can be successfully fed back in navigation system, leading to a motion whose
precision is only related to current information quality. Some experiments show

difficulties and possible solutions to this sensor fusion problem.

2.3 Third Review: Autonomous Mobile Robot (AMRSBot) with GPS Navigation
and Ultrasonic Obstacle Avoidance System [9]

This paper is developed by Mr. Mohamad Hanif Abd Hamid from Universiti
Malaysia Perlis on October 2008. This paper described the use of GPS and application of
sonar sensor. The focus of the project is to determine GPS Navigation for mobile robot
according to waypoint that preset to the GPS module and the application of Sonar Sensor.
Power management for autonomous mobile robot also discuss in this project. Autonomous
Mobile Robot (AMRSBot) can navigate through desired waypoint and at the same time

apply the obstacle avoidance rules.

2.4  Strength Point from Research

After reviewing a few papers of conducted research on GPS mobile robot, several
strength point of the similar project has been discovered. The strength points from other
similar project are:

- Mobile robot equipped with distance sensor for detect object in the path [4, 9].
- Using personal computer to control the mobile robot for faster performance [4].
- Obstacle detection and avoidance system for moving in an unknown area [4].

- Movement mechanism with compass assistant for faster navigation [4].

- Predefined waypoint for better navigation [4, 12].

- Path routing system for selecting the shorter path to reach destination.
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2.5 Weakness Point from Research

By undergoing research on similar project, few weakness points of them have been
found. The weakness points of the similar project are:
a) System complexity due to many sensor s in the mobile robot such as distance
sensor and inertial navigation sensor [4, 9].
b) Bigger platform due to the place required to assemble a personal computer [4].
¢) Higher cost due to more advanced component needed [4, 9].
d) Using large memory storage due to the usage memory for storing many location

data for waypoint [4, 9].

2.6 Opportunity from Research

By studying on the few similar GPS implementation project, few opportunities of
the GPS implementation project have been highlighted. The opportunities of this project
are:

a) Installation of GPS system on mobile robot can increase the controllability of
human controlled mobile robot alongside with other sensors.
b) Developments of GPS implementation on mobile robot encourage the development

of unmanned robot.

2.7 Threat of Research

By studying the few similar GPS implementation projects, a few threat of the GPS
implementation project have been identified. The misused of the GPS system can cause
many issues of public safety. The threats of this project are:

a) Unmanned mobile robot with GPS navigation system can be designed to perform
booming action by terrorist.
b) A surveillance mobile robot with GPS implemented can used to perform unethical

action on the public, like capturing the private pictures.
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CHAPTER 3

PROJECT BACKGROUND

This project can be divided into two major parts which are the hardware and the
software. This division is formed for the ease of designing and developing the whole
system for this project. The hardware part involves the designing and constructing of
mobile robot and its interface circuit. Besides that, the hardware part also includes the
GPS system and power circuit. Meanwhile, the software parts consist of the development
of the program for microcontroller to communicate with GPS system, to perform

localization task, and to execute navigation task for mobile robot.

3.1 Hardware

The hardware for this project can be divided into more specific components which
are the mechanical parts and electrical parts. The mechanical parts consist of the skeleton
structure of the mobile robot, LINIX brushless DC motor, LINIX brushless DC motor
driver, wheels, roller wheels, and batteries. The electrical parts consist of microcontroller
16F877A, a GPS evaluation board, 32 channel GPS receiver, power regulation and filter
circuit and LCD. The main component such as the GPS evaluation board, 32 channel GPS
receiver, LINIX brushless DC motor, LINIX brushless DC motor driver, and USB ICSP

PIC programmer will be explained in detail.

3.1.1 GPS Evaluation Board

This is an evaluation board that supports the connection to the 32 channel GPS
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