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Rekabentuk dan Pembangunan Robot Mudah Alih Pelbagai Permukaan untuk
Ladang Berskala Besar

ABSTRAK

Aplikasi yang luas bagi penggunaan robot mudah alih boleh dilihat dari
pengunaan domestik dan pelaksanaan dalam skala besar. Salah satu aplikasi yang
mungkin boleh mendapat manfaat daripada penggunaan robot mudah alih adalah sektor
peladangan. Walau bagaimanapun keadaan muka bumi seperti di ladang kelapa sawit
boleh bersifat pelbagai permukaan adalah satu cabaran. Tesis ini menerangkan
pembangunan robot bergerak pelbagai permukaan untuk perladangan kelapa sawit.
Pembangunan robot yang terdiri daripada tiga jenis prototaip yang-mmasing-masing
menguji parameter rekabentuk yang berbeza. Analisis dan keputusanryang diperolehi
digunakan untuk tujuan rekabentuk dan pembangunan AGROBQT. Beberapa strategi
pelaksanaan telah diuji, seperti lokalisasi, penggunaan kuasa_dan keupayaan untuk
bergerak. Ujian daripada robot mudah alih telah mencapai kejayaan dan mampu
bergerak di sepanjang laluan pra-tetap sepanjang pokok-pokok kelapa sawit. Navigasi
waypoint akan mengikuti jalan yang ditetapkan dan.merekod laluan dengan keupayaan
untuk mengelakkan halangan. Kejayaan dalam . implimentasi sebuah robot pelbagai
rupa bumi, AGROBOT akan memberi manfaat.kepada industri pertanian dan boleh
digunakan untuk aplikasi seperti semburan racun-perosak dan merumpai.
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Design and Development of Multi-Terrain Mobile Robot in Large Scale Plantation

ABSTRACT

The wide range applications of mobile robots can be seen from domestic
appliances to large scale implementation. One of the possible applications that can
benefit from the use of mobile robots is large scale plantations. However such
applications, say in oil palm plantations, poses real challenge due to the multi-terrain
nature of such environment. Described in this thesis is the development of multi-terrain
mobile robot for oil palm plantation. The development of the robot consists of three
different of prototypes which test the different design parameters of the mobile robots,
and the analysis and results used for the design and development of- AGROBOT.
Several implementation strategies were tested, such as localizations, power
consumption and ability to maneuver. The testing of the mobile robot was a success
and able to move along desired preset paths along the oil palm trees. The waypoint
navigation will follow the path and recorded the desire route with the capability of
avoiding the obstacle. The success in the implementation of a multi-terrain mobile
robot, AGROBOT, will benefit the agro industry and.may be used for application such
as pesticide spraying and weeding.
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CHAPTER 1

INTRODUCTION

1.0 Introduction of Thesis

This thesis describes the detailed development of multi-terrain mobile robots for
large scale plantation such as oil palm. The thesis is divided into six chapters which are:
i.  Introduction
ii.  Literature Review
iii.  Prototyping of multi-terrain mobile robots
iv.  Final Prototype (AGROBOT)
v.  Result and discussions
vi.  Conclusion
This thesis also discussed the application of navigational system and obstacle
avoidance system which-aids the mobile robot to maneuver in oil palm plantation

autonomously.

1.1 “Background Research

Multi-terrain mobile robot is described as a mobile robot that can move in
rugged environments such as in plantations with various types of terrains. The mobile
robot needsto perform specific movements along the obstacles for example, and may
need to climb slopes. Such capabilities give potential to solve a number of challenges in

agricultural applications.



Many designs of multi-terrain mobile robotshave been proposed according to
required environment. The design can divided into three approaches, namely the
modifications of existing vehicle (small tractor), modifications of remote control truck

and new design of the multi terrain mobile robot.

The project focuses on the new design of the multi terrain mobile robot. It is also
intended to be the founding development platform for future research in an agricultural
application and development within this field at the University Malaysia-Perlis.

The application in agriculture, such as fruit picking, crop ‘registration, weed
killer and other application are cost intensive and also‘high labor demand. By
introducing the mobile robot higher efficiency work..can be done and low cost by

reducing human capital thus increase the productivity-

The current research applied on. large ‘scale plantation such as grape and corn
plantation. The AURORA designed-by Antony Mandow (1996) use in green house
application for chemical spraying. The project can be form of development of mobile
robot, development of mobile robot navigation and mobile robot application. AURORA

is discussed in Chapter 2,Section 2.2.

The mobile-robot design parameters covered in the project include:

i.  Mobile robot drive configuration, i.e. four wheel, two wheels and tricycle,
ii.  Steering technique,
ilii.  Suspension system,
iv. Batteries and

V.  Wheel types selection

The mobile robot navigation uses various types of sensor such as:



i.  Global Positioning System (GPS)
ii.  Laser range finder
iii.  Stereo vision
iv.  Sonar sensor

V. Infrared sensor

The system designed according to this parameter will give the mobility of mobile robot
to perform a specific task in a required environmentto help of mobile robot navigation

system such as obstacle avoidance system and GPS navigation.

1.2 Problem Statement

One of the main problemsfaced in plantations of multi-terrain nature is the
mobility of mobile robots. The focus of this research is the oil palm plantation, which
by nature has such multi-terrain environment, and should provide a good test-bed in

which the robots will be tested.

The designrobots for such condition need many considerations such as mobile
robot stability, which discussed in Chapters 3 and 4. The rugged environment consists
of different-element, such as dirt, sand and rock are considered as an obstacle to mobile
robot. The mobile robot also needs to climb the slope which is the main mobility in

rugged environment.



1.3 Research Objective

There are fourmain objectives to be achieved in this research. The objectives are

as follows.

i.  To design less complex multi terrain mobile robot suitable for oil palm

plantation

ii.  To fabricate multi terrain mobile robot using out-the- shelf material which

reduce development cost.

iii.  To navigate multi terrain mobile robot in oil palm plantation using GPS,

compass.

iv.  To test obstacle avoidance system using sonar sensor by implementing Daisy

chaining application method and map-required multi terrain path .

1.4 Scope of Research

The project covered several areas as listed below:

Development of a series of mobile robot prototypes to test several design
parameters separately.

To develop multi-terrain mobile robot using different parameters described
in Chapter 2 and electronics design for motor driver and input output
interfacing for various types of sensors.

To test the prototypes on site to validate the choice of the design parameters.
To use the findings of the prototype testing parameters and build the last

mobile robot combining all the finding.



V.

1.5

Data collection from the GPS and ultrasonic sensors for mapping and data

acquisition to perform obstacleavoidance system and waypoint navigation.

Dissertation Layout

The key objectives for this project include the evaluation, and selection of a

drivesystem, the mechanical design and development, through to the electronic design

andimplementation phases.To illustrate each step in the design and development stages,

the thesis has beenpresented in the following manner:

Chapter One: Gives a general introduction to the project requirements,
background of research, application;,"'motivation, objective and scope of
research.

Chapter Two: Discusses \the conceptual designs of previous agricultural
mobile robot covering the sensingtechnique and drive configurations and
others parameter in determining the best systems for the intended
applications.

Chapter Three: Prototyping of multi terrain mobile robot. This section will
discuss the design of first, second and third prototype. The advantages and
the disadvantages that have been observe during maneuvering testalso being
discussed in this chapter.

Chapter Four: The development of the final prototype is described based on
three different prototypes in the previous chapter. The comparison between
sonar sensor using daisy chaining application method and simultaneous

trigger sonar sensor also been discussed. The waypoint navigation



