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Pembangunan Algoritma Berkerumun untuk Robot Bergerak

ABSTRAK

Robot berkerumun pada dasarnya terdiri daripada sekumpulan robot ringkas yang
berinteraksi dan bekerjasama antara satu sama lain untuk mencapai matlamat bersama.
la diilhamkan daripada serangga sosial, yang boleh melaksanakan tugas-tugas yang di
luar kemampuan individu. Dalam tugas pandu arah, sistem_robot tunggal tidak sesuai
digunakan disebabkan tugas pandu arah yang biasanya meliputi kawasan yang luas.
Tambahan pula, sistem robot tunggal adalah lebih rumit dan‘memerlukan kos yang lebih
tinggi untuk dibina disebabkan struktur robot yang lebih kompleks untuk membolehkan
keupayaannya. Disebabkan itu, sekumpulan robot ‘ringkas diperkenalkan. Kumpulan
robot boleh melakukan tugasan bersama dengan“lebih cekap berbanding dengan robot
tunggal, sekaligus membangunkan satu . sistem yang lebih mantap. Tesis ini
membentangkan satu pendekatan algoritma berkerumun menggunakan robot bergerak.
Algoritma berkerumun dilaksanakan dengan menambah keupayaan platform robot
bergerak dengan autonomi dan pengesanan bau. Tugasan ini memberi tumpuan kepada
pengesanan sumber bau kimia dalam.persekitaran ujian dan pelaksanaan sistem ketua dan
pengikut melalui komunikasi~tanpa wayar. Projek ini telah dibangunkan secara
berperingkat, bermula dengan-pelaksanaan perkakasan di mana robot bergerak telah
diberi keupayaan untuk mengesan halangan. Sensor TGS 2600 Figaro telah digunakan
untuk membolehkan keupayaan mengesan bau. Bagi membolehkan robot bergerak
berkomunikasi antara satu sama lain dan melaksanakan sistem ketua dan pengikut sebaik
sahaja lokasi bau-kimia ditemui, robot telah dipasang dengan modul X- Bee. Robot yang
pertama sekali“mengesan bau kimia akan menjadi ketua dan lain-lain secara automatik
akan menjadi-pengikut. Kekuatan Isyarat Petunjuk (RSSI) X- Bee digunakan sebagai
parameter ‘untuk menganggarkan jarak antara ketua dan robot pengikut. Algoritma ini
telah dibina menggunakan persekitaran pembangunan Arduino. Dengan menggabungkan
ketiga-tiga peringkat algoritma, algoritma berkerumun diuji. Di dalam kajian ini,
penetapan sistem ketua- pengikut telah dicadangkan sebagai kaedah pencarian
menggunakan robot berkerumun. Keputusan menunjukkan bahawa kaedah pencarian
menggunakan sistem ketua- pengikut menghasilkan komunikasi berpusat antara semua
robot bergerak. Komunikasi ini membawa kepada pertukaran data tanpa wayar yang lebih
baik antara robot berbanding komunikasi agihan di mana setiap keputusan adalah
berdasarkan kepada setiap ejen di dalam persekitaran ujian. RSSI yang digunakan di
dalam kajian ini boleh dijadikan parameter untuk mengukur anggaran jarak di antara
robot bergerak. Penggunaan RSSI adalah kaedah baru di dalam pengiraan jarak antara
dua nod komunikasi tanpa wayar berbanding Bluetooth, sensor ultrasonik dan Sistem
Kedudukan Global (GPS) yang telah digunakan secara meluas. Berdasarkan nilai RSSI,
eksperimen sistem berkerumun ditunjukkan. Daripada keputusan eksperimen,
penstabilan nilai RSSI semasa penghantaran data tanpa wayar boleh dikembangkan pada
masa hadapan.
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Development of Swarming Algorithm for Mobile Robots

ABSTRACT

Swarming robots basically consist of a group of several simple robots that interact and
collaborate with each other to achieve shared goals. It is inspired by social insects, which
can perform tasks that are beyond the capability of an individual. In a navigation task, a
single robot system is not suitable to be used as an agent for the navigation usually covers
a wide range of area. Furthermore, a single robot system is mere complicated and requires
a higher cost to build since the mobile robots need to be mare complex in order to enable
their abilities. Therefore, a group of simple robots is introduced. A group of robots can
perform their tasks together in a more efficient way.compared to a single robot, hence
develop a more robust system. This thesis presents an approach for swarming algorithm
using autonomous mobile robots. This project implements the swarming algorithm by
supplementing the ability of mobile robot platforms with autonomy and odour detection.
The work focused on the localization of ehemical odour source in the testing environment
and the leader and follower swarm formation through wireless communication. The
project was developed in stages, namely hardware implementation where the mobile
robots were given the ability to detect obstacles. A TGS 2600 Figaro sensor was utilized
to provide the ability to detect-odour. To enable the mobile robots to communicate with
each other and able to perfarm leader and follower designation once the target has been
found, the robots were installed with X-Bee module. The robot which found the odour
source first will be the leader and the other will automatically become a follower. The
Received Signal ‘Strength Indicator (RSSI) of X-Bee is used as the parameter to estimate
the distance between the leader and the follower robots. The algorithm was developed
using Arduino development environment. By combining these three algorithm stages, a
simple swarming system is tested. In this research, the leader-follower designation has
been.proposed as the method of swarming searching behaviour. The results show that the
searching method provides a centralized communication between all the mobile robots.
This communication leads to a better wireless data exchange between mobile robots
compared to the distributed communication approach which decision making is based on
each agent in the testing environment. The RSSI used in this research shows the reliability
as an estimation parameter between mobile robots. The use of RSSI is a new method of
estimating the distance between two wireless communication nodes despite the widely
use of Bluetooth, ultrasonic sensors and Global Positioning System (GPS). Based on the
RSSI value, the swarming system experiment is demonstrated. From the results, future
work on the stabilization of the RSSI value during the wireless data transmission can be
further investigated.
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CHAPTER 1

INTRODUCTION

1.1  Project Overview

Swarm robotics is an approach of the coordination of large numbers of robots that
takes inspiration from the abilities of social insects such as.ants, bees and termites. The
interest in this field of research has started since early 1980’s and grows continuously
every year (Beni, 2005).

A single robot may be difficultyto accomplish certain complex tasks alone.
Therefore swarm robotics may provide an efficient solution to the problem that requires
a lot of energy and cover large-spaces. The system may be made more robust compared
to the single robot system since it can avoid the system failure if one of the robot does
not function. The.applications of swarming robots have been implemented in military,
hospitals, search and rescue and even for observation in a place that hardly reachable to
human-being.

Nowadays, instead of self-build robot, many robot platforms have been
commercialized by researchers to expand and encourage research in robotics. E-Puck,
Khepera, Alice and Jasmine are some of commercial robot platforms available. Usually
these mobile robot platforms had been occupied by sensors and communication module
and ready to use. Most of these robots are suitable to be used as agents for indoor or
outdoor based on their characteristics and size.

One of the most important criteria in swarming robot is method of

communication. The implementation of swarming renders the use of tethered approach



unusable, hence is the only option considered. The process of choosing the suitable
communication method is usually based on the criteria of the project.

This project entails the investigation and implementation of swarming robot
application employing mobile robot communication and odour localization. The
swarming application is based on the centralized communication between the leader robot
and the follower robot. This is because the leader and follower strategy is more suitable
for the optimal plan can be generated for the swarm robot team, compared to distributed
communication which all the decisions are based on individual.

An Arduino based mobile robot and E-Puck have been used as the agents for the
experiments. The work focuses on the-development of algorithms to perform the
swarming behaviour from single movement to searching and targeting. Hardware
experiments were conducted in.this project.

The development.of.an algorithm is divided into three stages. The first stage is
the basic algorithm for the basic abilities of the mobile robot, such as obstacle avoidance
algorithm. The‘second stage is an algorithm to develop wireless communication among
agents. In‘this process, X-Bee module has been chosen as a wireless communication
module. The third stage is the development of an algorithm for swarming robot behaviour
which is achieved when all the agents able to communicate with each other to exchange

data and find the leader.

1.2 Problem Statement

If part of the single robot system fails, the whole system might be seriously

affected by it. However, in swarming system, if one robot breaks down the role of the

robot can be replaced by the others. Therefore the system is not significantly affected by



individual failure. This capability makes the swarm robotic system more robust
compared to single robot system. Based on the statement, the swarming strategy is chosen
to be investigated in this project.

Odour detection and localization has been the main focus of this research. In a
single robot system, a problem arises when the robot needs to cover up a large space of
area to detect and locate the odour source in the environment. A single robot may need a
more complicated design to be able to function everything.on its own. This will lead to a
higher cost in building a single robot. Furthermore, thestime spent for a single robot to
cover a large space of navigation area will be longer. In order to save the time spent and
to make the work easier, a group of simple.rgbots is used for odour detection. Despite its
low costs because of its simplicity in\design, a group of robots also can cover a much
wider area thus improving the time spent for searching activity.

From the previous research, the odour detection using a group of mobile robots is
not widely studied yet." Localization of odour source is the biggest issue as without the
accurate positianing, the mobile robot would wander away from the targeted source and
failed to complete the tasks given (Marjovi, Nunes, Sousa, Faria, & Marques, 2010).

The use of GPS, infrared, ultrasound and WiFi has been developed, but each of
them shows the weaknesses at certain times. Therefore, the use of Zigbee is investigated
in this research. The Zigbee is chosen because of its cheaper costs and less power
consuming (Noh, Lee, & Ye, 2008). By using the Received Signal Strength Indicator

(RSSI), an estimated distance between transmitter and receiver can be measured.



1.3 Project Objectives

There are several targeted objectives to achieve once this project completed.
These objectives are:
I.  To investigate the effectiveness of using a group of robots to complete certain
tasks.
ii. To perform an odour localization strategy using, three mobile robots by
supplementing the centralized communication between robots.
iii.  To investigate the use of Received Signal. Strength Indicator (RSSI) of Zigbee
communication in estimating the distance between mobile robots.
iv.  To perform the swarming robot behaviour experiment after all the abilities of

mobile robots are achieved.

1.4 Project Scope

The scope of this project covered on the localization of odour source in the testing
field\using two types of mobile robots, E-Puck and Arduino which has been enhanced
with the abilities to sense odour source, avoid obstacles and communicate wirelessly
using X-Bee. The mobile robots used centralized communication and searched by using
the leader and follower strategy. From the previous research, the RSSI is compatible to
be used for the swarm mobile robot for its simplicity and wider communication distance
(Noh, Lee & Ye, 2008; Jeong & Lee, 2011). Therefore, RSSI of X-Bee is proposed as the
new method of estimating the distance between mobile robots. The swarming algorithm

is developed to test a simple swarming system of mobile robots in testing field.



1.5 Thesis Outline

This thesis is divided into five chapters. Each chapter will discuss a specific area
of the development of swarming algorithms for mobile robots.

Chapter 1 consists of an introduction of the concept of swarming behaviour and
its application in swarm robotics. The objectives, scope of the project and problem
statements were discussed in this chapter.

Chapter 2 discuss about the literature review of swarming robots. All the research
is compiled and studied. Similar project by previous researchers are discussed to find the
best method and solution for this project.

Chapter 3 explains the methodologies and experiments conducted in testing E-
Puck and Arduino mobile robetfor swarming system development. Every step of the
process to develop and enhance these mobile robots is discussed in this chapter. This
chapter covers boththe software and hardware testing before the swarming system is
implemented.

Chapter 4 covers the development of algorithms and results and discussions from
the experiments. The entire algorithm used for the experiment is presented here, as well
as the flowchart of each sub-algorithm and the whole swarming algorithm. All the results
are discussed and evaluated to determine whether the objectives of the project were
achieved.

Chapter 5 summarizes the project and the results obtained from the experiment.
Recommendations are listed to inspire the other researchers to improve the work in the

future.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The research of swarm robots has started since 1980°%s; and grows rapidly when
the world started to discover its advantages, as they cam fulfill certain tasks that are quite
complicated for a single robot to accomplish. The application of multi robots can be seen
in many applications, such as factory automation, dangerous environments, office,

hospitals, surgery, agriculture, military. and so on.

Swarm robots were inspired by biological studies of self-organized behaviour in
social insects (Garnier, Gautrais, & Theraulaz, 2007). Natural examples of swarms also

include schools effish, flocks of birds and herds of sheep.

Swarm robotics acts like a massive parallel computational system and thus carry
out<tasks beyond the possibility of the other types of robotic systems, either complex
single robots or centralized group of robots (Beni, 1989). In other words, the swarming
behaviour makes the tasks which are impossible to be completed by one single robot to

be easier and required much less time.

There are a few characteristics of swarm robotics listed by researchers, which are
robust to environmental disturbances or member faults, flexible which can coordinate

actions to achieve something and scalable (Sahin, Girgin, Bayindir, & Turgut, 2008).

In addition to the characteristics above, the swarm robotic system must also be

able to detect the other agent communicates among each other and having physical



interaction between each member. To be more effective, the robot itself must have long
battery life, small in size, cost effective and have realistic simulators to speed up
development of new control algorithms (Turgut, Gocke, Celikkanat, Bayindir, & Sahin,

2007).

The strategy employing a team of robots in order to achieve a specific goal has
many advantages over the deployment of a single robot. First, ateam of robots will create
an intelligent system to fulfill some tasks. Second, a team"0f robots can avoid fault in
case the robot is damaged or run out of battery. A(Swarm of robots too is needed in
accomplishing tasks that are difficult for human beings. The idea of swarm behaviour is
very normal since most complicated tasks.require collaboration between different robots

(Liu & Passino, 2002).

2.2 Definition

Swarm-studies are based on the biological studies on the behaviour of social
insects such as colonies of ants and termites, schools of fish, flocks of birds and so on.
Typically, in this system the insects interact locally with each other and the environment

(Liu & Passino, 2002).

The insect individually may not be intelligent, but the interaction between the
agents can emerge a complex collective behaviour and patterns. Fig. 2.1 below shows an

example of ants taking a much heavier grass to their nest.





