
--------
UNIVERSITI 
MALAYSIA 

AP PERLIS 

ENHANCEMENT OF HOST -BASED AND 
NETWORK-BASED MOBILITY MANAGEMENT 
PROTOCOLS IN WIRELESS MESH NETWORK 

by 

HOH WEI SIANG 
(1540211636) 

A thesis submitted. in fulfilment of the requirements for the degree ,of 
Doctor of Philosophy in Computer Engineering 

School of Computer and Communication Engineering 
UNIVERSITI MALAYSIA PERL IS 

2018 



ACKNOWLEDGEMENT 

First and foremost, I want to express my heartfelt appreciation and indebtedness 

to my supervisor Dr. Ong Bi Lynn for her continuous support, encouragement, 

guidance, patience and advices. It is obviously that my thesis would not be able to 

complete on time without her support and guidance. Not forgotten Prof Ir. Ts. Dr. R 

Badlishah Ahmad as my co-supervisor for the encouragement and advices. 

Secondly, I would like to extend my appreciation to my family, especially my 

parents for their continuous support, love and patience. Additionally, my great 

appreciations are also going to my friends those encouraged and help me throughout the 

way of thesis completion. 

Next, sincere deepest thanks to all the lecturers in School of Computer and 

Communication Engineering who taught and educate me over the past years as a student 

in Universiti Malaysia Perlis, UniMAP. 

Last but not least, my sincere gratitude goes to all those who shared their 

knowledge and opinion with me. I have no words to express my gratitude and 

appreciation for their support. Thanks to all of you, the knowledge and experiences that 

earn is very useful to me in future. 

II 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



TABLE OF CONTENTS 

THESIS DECLARATION 

ACKNOWLEDGEMENT 

TABLE OF CONTENTS 

LIST OF FIGURES 

LIST OF TABLES 

LIST OF SYMBOLS 

LIST OF ABBREVIATIONS 

ABSTRAK 

ABSTRACT 

CHAPTER 1 INTRODUCTION 

1.1 Introduction 

1.2 Research Background 

1.2.1 Proxy Mobile 1Pv6 

1.2.2 Wireless Mesh Network 

1.3 Problem Background 

1.3.1 Insufficient and Incomprehensive Performance Metrics 

1.3.2 Misleading Handover Selection Schemes for FMIPv6 

1.3.3 Unreliable Route Optimisation Schemes for PMIPv6 

1.4 Problem Statement 

1.5 Research Objective 

1.6 Research Contribution 

Ill 

PAGE 

11 

lll 

VlX 

xu 

XlV 

XV 

XXI 

xxii 

3 

5 

6 

6 

7 

9 

12 

16 

17 

17 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



1.7 Research Question 18 

1.8 Relationship between Objectives and Research Questions 19 

1.9 Research Scope 21 

1.10 Thesis Overview 22 

1.11 Summary 25 

CHAPTER 2 LITERATURE REVIEW 

2.1 Introduction 26 

2.2 Wireless Network 27 

2.2.1 Wireless Ad-Hoc Network 27 

2.2.2 Wireless Mesh Networks 30 

2.2.3 Wireless Mesh Network Taxonomy 32 

2.2.3 .1 Flat Wireless Mesh Network 32 

2.2.3.2 Hierarchical Wireless Mesh Network 32 

2.2.3.3 Hybrid Wireless Mesh Network 33 

2.2.4 Comparison between W ANET and WMN 34 

2.3 Handoffi'Handover Mechanisms 35 

2.3.1 Classification ofHandoffi'Handover 35 

2.3.2 Handoft/Handoyer Management 40 

2.3.2.1 Handoft/Handover Detection 41 

2.3.2.2 Handoff/Handover Decision 42 

2.3.2.3 Handoft/Handover Execution 46 

2.4 Mobility Management 47 

2.4.1 Background ofMobility Management 47 

2.4.2 Taxonomy of Mobility Management 49 

IV 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



2.5 Host-Based Mobility Management Protocol 

2.5.1 Mobile Internet Protocol version 6 

2.5.2 Hierarchical Mobile Internet Protocol version 6 

2.5.3 Fast Handover Mobile Internet Protocol version 6 

51 

52 

54 

57 

2.5.4 Fast Handover for Hierarchical Mobile Internet Protocol version 6 60 

2.6 

2.7 

2.8 

Network-Based Mobility Management Protocol 

2.6.1 Proxy Mobile Internet Protocol version 6 

Performance Comparison Studies ofMobility Management Protocols 

Mobility Management in Wireless Mesh Network 

2.8.1 Intra and Inter Network Scenario in WMN 

2.9 Route Optimisation for PMIPv6 

2.1 0 Optimised for FMIPv6 

2.11 Summary 

CHAPTER 3 RESEARCH METHODOLOGY 

3.1 lnlroduction 

3.2 Research Phases 

3.3 Research Framework 

3.4 Propose Enhancement Phases 

3.4.1 Optimised FMIPv6 ( 0-FMIPv6) 

3.4.2 Route Optimisation PMIPv6 (RO-PMIPv6) 

3.4.3 Advanced Integrate Algorithm 

3.4.4 Selection ofHandover Management 

v 

63 

64 

68 

77 

78 

80 

88 

91 

93 

94 

98 

102 

103 

109 

116 

118 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



3.5 

3.6 

3.7 

3.8 

3.9 

Consolidation Experiment Design Phase 

3.5.1 Wireless Mesh Network Environment Design 

3.5.2 Wireless Mesh Network in NS-2 

Inter Network Scenario 

3.6.1 Inter Network Topology Design 

3.6.2 Inter Network Hierarchical Address Setup 

3.6.2.1 Host-Based Hierarchical Address Setup 

3.6.2.2 Network-Based Hierarchical Address Setup 

Intra Network Scenario 

3. 7.1 Intra Network Topology Design 

3.7.2 Intra Network Hierarchical Address Setup 

Simulation Setup 

3.8.1 Nodes Coordination Setup 

3.8.1.1 Inter Network Nodes Coordination Setup 

3.8.1.2 Intra Network Nodes Coordination Setup 

3.8.2 Connection Setup 

3.8.2.1 Inter Network Scenario Connection Setup 

3.8.2.2 Intra Network Scenario Connection Setup 

Simulation in NS-2 

3.9.1 Inter Network Scenario NS-2 Simulation 

3.9.2 Intra Network Scenario NS-2 Simulation 

3.10 Performance Metrics 

3.1 0.1 End-To-End Delay 

3.1 0.2 Throughput 

3.1 0.3 Packet Delivery Ratio (PDR) 

VI 

123 

123 

125 

126 

126 

129 

129 

131 

132 

132 

134 

135 

135 

135 

137 

138 

138 

139 

140 

140 

143 

145 

146 

147 

148 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



3.11 Data Acquisition 

3.11.1 Trace File 

3.11.2 AWK Code 

3.12 Summary 

CHAPTER 4 RESULTS AND DISCUSSION 

148 

148 

152 

153 

4.1 Introduction 154 

4.2 Justification ofParameter Metrics Selection 156 

4.2.1 Packet Size 157 

4.3 Performance Evaluation ofVarious Mobility Management Protocols 159 

4.3.1 Performance Results and Comparison in Inter Network Scenario 159 

4.3 .2 Performance Resuits and Comparison Intra Network Scenario 168 

4.4 Performance Evaluation ofEnhancement PMIPv6 and FMIPv6 175 

4.4.1 Performance Results and Comparison ofRO-PMIPv6 and PMIPv6 175 

4.4.2 Performance Results and Comparison ofFMIPv6 and O-FMIPv6 183 

4.5 Performance Verification of Enhancement Mobility Management Protocols 190 

4.5.1 Performance Verification ofRO-PMIPv6 in Inter Network Scenario 190 

4.5.2 Performance Verification ofO-FMIPv6 in Intra Network Scenario 197 

4.6 Summary 203 

CHAPTER 5 CONCLUSION 

5.1 Research Achievement 

5.2 Contributions 

5.3 Future Works 

VII 

205 

207 

208 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



REFERENCES 

LIST OF PUBLICATIONS 

APPENDIX A 

APPENDIXB 

APPENDIXC 

Vlll 

209 

222 

223 

227 

233 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



LIST OF FIGURES 

NO. PAGE 

1.1 Thesis overview 24 

2.1 Architecture of single-hop and multi-hop networks 28 

2.2 Classification chart for wireless network 30 

2.3 WMN architecture 31 

2.4 Hybrid WMN architecture 33 

2.5 Horizontal and vertical handover mechanism 36 

2.6 Hard handoff mechanism 38 

2.7 Soft handoffmechanism 39 

2.8 Overview of hando ff management 40 

2.9 MCHO inter base station handoffmessage flow 43 

2.10 MAHO inter base station handoffmessage flow 45 

2.11 Classification of components for mobility management 49 

2.12 Mobility management taxonomy 50 

2.13 MIPv6 operation flow diagram 53 

2.14 HMIPv6 operation flow diagram 55 

2.15 FMIPv6 predictive fast handover scheme flow d iagrarn 58 

2.16 FMIPv6 reactive fast handover scheme flow diagram 59 

2.17 FHMIPv6 operation flow diagram 61 

2.18 Specification ofPMIPv6 65 

2.19 PMIPv6 operation flow diagram 66 

2.20 Comparison of intra and inter scenario 80 

3.1 Research phases 97 

ix 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



3.2 Research framework 99 

3.3 Implementation of mobility management protocols in WMN 101 

3.4 The design, implementation and evaluation stages ofO-FMIPv6 104 

3.5 Flow chart of optimise fast handover scheme 108 

3.6 Default PMIPv6 handover operation 110 

3.7 The design, implementation and evaluation stages Ill 
ofRO-PMIPv6 

3.8 Handover operation ofRO-PMIPv6 114 

3.9 Advanced integrate algorithm 117 

3.10 Intra network with O-FMIPv6 119 

3.11 Inter network with RO-PMIPv6 121 

3.12 Grid WMN topology 124 

3.13 Structure and combination of grid WMN topology 124 

3.14 Source and destination setup 126 

3.15 Inter network topology 127 

3.16 MAP attach agent 128 

3.17 LMA attach agent 128 

3.18 Intra network topology 132 

3.19 Priority set for fast handover in FMIPv6 134 

3.20 NS-2 inter network scenario network topology 141 

3.21 NS-2 intra network scenario network topology 143 

3.22 The measurement ofthe end-to-end delay 147 

3.23 Wired network trace file format 149 

4.1 Structure of packet 157 

4.2 Large packet retransmission 158 

4.3 End-to-end delay in inter network scenario 161 

X 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



4.4 Packet delivery ratio in inter network scenario 164 

4.5 Throughput in inter network scenario 167 

4.6 End-to-end delay in intra network scenario 170 

4.7 PDR in intra network scenario 172 

4.8 Throughput in intra network scenario 174 

4.9 RO-PMIPv6 and PMIPv6 end-to-end delay results 177 

4.10 RO-PMIPv6 and PMIPv6 PDR results 180 

4.11 RO-PMIPv6 and PMIPv6 throughput results 182 

4.12 End-to-end delay results ofO-FMIPv6 and FMIPv6 185 

4.13 PDR results ofO-FMIPv6 and FMIPv6 187 

4.14 Throughput results ofO-FMIPv6 and FMIPv6 189 

4.15 Connection link between LMA and N 1 190 

4.16 RO-PMIPv6 end-to-end delay results 193 

4.17 RO-PMIPv6 throughput results 194 

4.18 RO-PMIPv6 PDR results 195 

4.19 PMIPv6 zoom in PDR results 196 

4.20 Connection link between MAP and N 1 197 

4.21 O-FMIPv6 end-to-end delay results 200 

4.22 O-FMIPv6 throughput results 201 

4.23 O-FMIPv6 PDR results 202 

xi 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



LIST OF TABLES 

NO. PAGE 

1.1 Relationship between objectives and research question 19 

2.1 Difference between W ANET and WMN 34 

2.2 Hard handoffvs. soft handoff strategies characteristics 39 

2.3 Summary handoff decision method 46 

2.4 A summary of reviewed performance evaluation metrics 75 

2.5 Comparative analysis of mobility management protocols 76 

2.6 A comparison of the route optimisation schemes 87 

3.1 Formation setting of wireless mesh network topology 125 

3.2 Hierarchical address structure 129 

3.3 Host-Based inter network hierarchical address setting 130 

3.4 Network-Based inter network hierarchical address setting 131 

3.5 Intra network hierarchical address setting 135 

3.6 Inter network nodes coordinate setting 136 

3.7 Intra network nodes coordinate setting 137 

3.8 Inter network scenario connection setup 138 

3.9 Intra network scenario connection setup 139 

3.10 Nodes numbering in inter network topology 142 

3.11 Nodes numbering in intra network topology 144 

3.12 Trace file structure for wireless 1Pv6 network 131 

3.13 Description for trace file structure for wireless 1Pv6 network 132 

4.1 The mean, maximum and minimum values of end-to-end delay 159 

4.2 The end-to-end delay results in inter network scenario 160 

4.3 The mean, maximum and minimum values ofPDR 163 

xii 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



4.4 The PDR results in inter network scenario 163 

4.5 The mean, maximum and minimum values of throughput 165 

4.6 Throughput results in inter network scenario 166 

4.7 End-to-end delay results in intra network scenario 169 

4.8 The PDR results in intra network scenario 171 

4.9 Throughput results in intra network scenario 173 

4.10 Mean, max and min of end-to-end delay for 176 
RO-PMIPv6 and PMIPv6 

4.11 End-to-end delay ofRO-PMIPv6 and PMIPv6 176 

4.12 Mean, max and min ofPDR for RO-PMIPv6 and PMIPv6 178 

4.13 PDR ofRO-PMIPv6 and PM1Pv6 179 

4.14 Mean, max and min of throughput for RO-PMIPv6 and PM1Pv6 181 

4.15 Throughput ofRO-PMIPv6 and PMIPv6 181 

4.16 End-to-end delay ofO-FMIPv6 and FMIPv6 184 

4.17 PDR ofO-FMIPv6 and FMIPv6 186 

4.18 Throughput ofO-FMIPv6 and FMIPv6 188 

4.19 Results of FM1Pv6 for various link delays 191 

4.20 Results ofPMIPv6 for various link delays 198 

xiii 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



LIST OF SYMBOLS 

bps bit per second 

De-queue 

d drop 

dBm decibel-milliwatts 

+ En-queue 

kbps kilo bit per second 

Mbps Mega bit per second 

m meter 

ms mili second 

mls meter per second 

r recetve 

s send 

xiv 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



2G 

3G 

4G 

AAA 

ACK 

AHRA 

AP 

AR 

ARP 

AWK 

BAck 

BDT 

BSS 

BU 

CBA 

CBU 

CBR 

CDMA 

CMM 

CN 

Co A 

DAD 

DHCP 

LIST OF ABBREVIATIONS 

Second Generation 

Third Generation 

Fourth Generation 

Authentication, Authorisation and Accounting 

Acknowledgement 

Ad Hoc Routing Agent 

Access Point 

Access Router 

Address Resolution Protocol 

Aho Weinberger Kernighan 

Binding Acknowledgement 

Bi-Directional Tunneling 

Basic Service Set · 

Binding Update 

Corresponding Binding Acknowledgement 

Corresponding Binding Update 

Constant Bit Rate 

Code Division Multiple Access 

Centralised Mobility Management 

Corresponding Node 

Care of Address 

Duplication Address Detection 

Dynamic Host Configuration Protocol 

XV 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



DMM 

DDNS 

DNS 

EHCF 

FA 

FBAck 

FBU 

FHMIPv6 

FMIPv6 

FNA 

FTP 

GMM 

GPRS 

GSM 

HA 

HAdd 

HAck 

HI 

HI-HAck 

HM1Pv6 

HNP 

IBSS 

IEEE 

IETF 

IGMP 

Distributed Mobility Management 

Dynamic Domain Name System 

Domain Name System 

Extended Handover Control Function 

Foreign Agent 

Fast Binding Acknowledgement 

Fast Binding Update 

Fast Handover for Hierarchical Mobile Internet Protocol version 6 

Fast Handover Mobile Internet Protocol version 6 

Fast Neighbour Advertisement 

File Transfer Protocol 

Global Mobility Management 

General Packet Radio Service 

Global System for Mobile Communications 

Home Agent 

Hierarchical Address 

Handover Acknowledgement 

Handover Initiation 

Handover Initiation Handover Acknowledgment 

Hierarchical Mobile Internet Protocol version 6 

Home Network Prefix 

Independent Basic Service Set 

Institute of Electrical and Electronics Engineers 

Internet Engineering Task Force 

Internet Group Management Protocol 

xvi 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



InterNIC Internet Network Information Center 

IP Internet Protocol 

IHL Internet Protocol Header Length 

iMANET Internet based Mobile ad hoc Network 

1Pv4 Internet Protocol version 4 

1Pv6 Internet Protocol version 6 

IPng Internet Protocol next generation 

ISP Internet Service Provider 

Kbps Kilobit per second 

LAN Local Area Network 

LBAck Local Binding Acknowledgment 

LBU Local Binding Update 

LCoA Local Care of Address 

LMA Local Mobility Anchor 

LGD Link Going Down 

LR Localised Routing 

LRA Localised Routing Acknowledgment 

LRJ Localised Routing Initiation 

LTE Long Term Evolution 

LTS Long Term Support 

M-2-M Machine-to-Machine 

MAC Media Access Control 

MAG Mobile Access Gateway 

MAHO Mobile Assisted Handoff 

MANET Mobile Ad Hoc Network 

xvii 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



MAP 

Mbps 

MCHO 

MIP 

MIH 

MIPv4 

MIPv6 

MN 

MLD 

MSOCKS 

NAM 

nAR 

NAT 

NCHO 

NEMO 

NLCoA 

NOAH 

NS-2 

OFDMA 

OLSR 

0-FH 

O-FMIPv6 

0-LMA 

0-MAG 

OPNET 

Mobility Anchor Point 

Megabit per second 

Mobile Controlled Handoff 

Mobile Internet Protocol 

Media Independent Handover 

Mobile Internet Protocol version 4 

Mobile Internet Protocol version 6 

Mobile Node 

Multicast Listener Discovery 

Mobile Socket Service 

Network Animator 

New Access Router 

Network Address Translation 

Network Controlled Handoff 

Network Mobility 

Next Link Care of Address 

NO Ad Hoc routing Agent 

Network Simulator 2 

Orthogonal Frequency Division Multiple Access 

Optimised Link State Routing 

Optimised Fast Handover 

Optimised Fast Handover Mobile Internet Protocol version 6 

Optimised Local Mobility Anchor 

Optimised Mobile Access Gateway 

Optimised Network Engineering Tool 

xviii 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



OS 

OSI 

oTCL 

pAR 

PBack 

PBU 

PDR 

pHoA 

PLCoA 

PMIPv6 

ppp 

PRD 

PrRtAdv 

QI 

QoS 

RA 

RCoA 

RIP 

Operating System 

Open Systems Interconnection 

Object-oriented Tool Command Language 

Previous Access Router 

Proxy Binding Acknowledgement 

Proxy Binding Update 

Packet Delivery Ratio 

Proxy Home of Address 

Previous Link Care-of-Address 

Proxy Mobile Internet Protocol version 6 

Point to Point Protocol 

Pre-handover Route Discovery 

Proxy Router Advertisement 

Quality Indicator 

Quality of Service 

Router Advertisement 

Regional Care of Address 

Routing Information Protocol 

RIPng Router Information Protocol next generation 

RO Route Optimisation 

RO-PMIPv6 Route Optimisation for Proxy Mobile Internet Protocol version 6 

RS 

RSSI 

RtSolPr 

SCTP 

Router Solicitation 

Received Signal Strength Indication 

Router Solicitation for Proxy Advertisement 

Stream Control Transport Protocol 

xix 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



SIGMA 

SIP 

SMIP 

SSID 

TDMA 

ToS 

TCL 

TCP 

UMTS 

UDP 

VANET 

VoiP 

WEI 

Wi-Fi 

WiMAX 

WLAN 

WMN 

WSN 

Seamless IP diversity based Generalised Mobility Architecture 

Session Initiation Protocol 

Seamless Mobile Internet Protocol 

Service Set Identification 

Time Division Multiple Access 

Type of Service 

Tool Command Language 

Transfer Control Protocol 

Universal Mobile Telecommunications System 

User Datagram Protocol 

Vehicular ad hoc Network 

Voice over Internet Protocol 

Word Error Indicator 

Wireless Fidelity 

Worldwide interoperability Microwave Access 

Wireless Local Area Network 

Wireless Mesh Network 

Wireless Sensor Network 

XX 

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



ABSTRAK 

Sejak kebergantungan manusia ke arab Internet, ini telah meningkatkan penggunaan 
Internet dengan pantas dan mengakibatkan masalah kesesakan dan sambungan Internet 
terputus-putus. Rangkaian Mesh Tanpa Wayar (WMN) telah diperkenalkan untuk 
mengatasi masalah sambungan Internet terputus-putus dan menampungkan kawasan 
luar bandar bagi meningkatkan skala liputan rangkaian secara berkesan dengan kos 
pembinaan yang lebih rendah. Walau bagaimanapun, dalam WMN, tiada protokol 
pengurusan mobiliti yang khusus yang dilantik untuk mengendalikan pengurusan lokasi 
dan pengurusan penyerahan nod mudah alih (MN). Di samping itu, MN juga 
menghadapi kesukaran untuk memilih protokol pengurusan mobiliti yang sesuai untuk 
melaksanakan proses penyerahan sama ada di dalam domain atau antara domain 
disebabkan protokol pengurusan mobiliti pada masa kini perlu mengendalikan 
pengurusan mobiliti untuk kedua-dua domain. Protokol pengurusan mobiliti yang 
tunggal perlu mengendalikan maklumat beacon dan pengiktirafan untuk pengurusan di 
dalam kedua-dua domain. Matlamat tesis ini adalah: pertama, penilaian prestasi dan 
perbandingan bagi pelbagai protokol pengurusan mobiliti dalam persekitaran WMN. 
Protokol pengurasan mobiliti Host-Based dan Network-Based disatukan dalam 
persekitaran WMN dan dilaksanakan secara berasingan untuk mengendalikan mobiliti 
kedua-dua domain. MIPv6 dan FMIPv6 dipilih untuk mengendalikan senario dalaman 
rangkaian manakala untuk senario antara rangkaian, HMIPv6, FHMIPv6 dan PMIPv6 
dilantik untuk mengendalikan operasi. Keputusan prestasi menunjukan bahawa FMIPv6 
mempunyai prestasi yang lebih baik daripada MIPv6 dalam senario dalaman rangkaian. 
Bagi senario antara rangkaian, PMIPv6 adalah lebih baik berbanding dengan HMIPv6 
dan FHMIPv6. Kedua, meningkatkan prestasi bagi FMIPv6 dalam senario dalaman 
rangkaian. Optimasi FMIPv6 (O-FMIPv6) diperkenalkan dengan skim penyerahan 
cepat yang baru berdasarkan FMIPv6 untuk beroperasi dalam senario dalam rangkaian. 
Untuk mekanisme penyerahan cepat yang baru, apabila MN merasakan kekuatan isyarat 
sendiri menjadi rendah, MN mengiklankan kepada rangkain jiran untuk keperluan 
melampirkan ke titik akses yang mempunyai kekuatan isyarat yang lebih tinggi. Ini 
dapat mengurangkan kekangan penyerahan. Ketiga, mengoptimurnkan laluan bagi 
PMIPv6 (RO-PMIPv6) dengan skim pengoptimuman laluan baru dengan pengubahan 
bagi LMA dan MAG. Hanya LMA yang terlibat akan memaklurnkan kepada titik akses 
hierarki yang berbeza dan CN sebelum dan selepas proses penyerahan dilakukan. Ini 
dapat mengurangkan masa proses penyerahan dan dengan itu mengurangkan latensi 
penyerahan dan meningkatkan kecekapan komunikasi tanpa wayar. Bagi kedua-dua 
pengurusan pengerakan domain, kelewatan hujung-ke-hujung, nisbah penghantaran 
paket (PDR) dan kadar pengeluaran diukur untuk menunjukkan pengoptirnuman bagi 
O-FMIPv6 dan RO-PMIPv6. Akhir sekali, keputusan menunjukkan bahawa domain 
dalaman dengan O-FMIPv6 dan antara domain dengan RO-PMIPv6 mengoptimurnkan 
prestasi pengurusan mobiliti. Bagi O-FMIPv6 melakukan 2.2% lebih rendah dalam 
kelewatan hujung-ke-hujung, 3.7% Iebih tinggi dalam PDR dan 5.4% lebih tinggi dalam 
kadar pengeluaran dibandingkan dengan standard FMIPv6. Bagi RO-PMIPv6 
melakukan 58.3% lebih rendah dalam kelewatan hujung-ke-hujung, 2% lebih tinggi 
dalam PDR dan 2. 7% lebih tinggi dalam kadar pengeluaran berbanding standard 
PMIPv6. Dengan pengurusan mobiliti yang dioptirnurnkan, dipercayai dapat 
mengurangkan latensi, meningkatkan kadar pengeluaran dan mengurangkan gangguan. 
Dengan kriteria ini, tujuan masa depan komunikasi wayarles semasa bergerak 
dipercayai dapat memudahkan komunikasi antara manusia. 
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ABSTRACT 

Since the dependency of human toward the Internet, this has rapidly raise the usage of 
Internet which may cause congestion and intermittent connection issues. The Wireless 
Mesh Network (WMN) was introduced to overcome the intermittent connection issues 
and caters rural area in order to effectively increase the scalability of network with 
lower construction cost. However, in WMN, there is no specific mobility management 
protocol that is appointed to handle the location management and handoff management 
of Mobile Node (MN). Besides that, the MN also faces the difficulties in choosing the 
suitable mobility management protocols to perform the handover process either in inter 
or intra domains since the current mobility management protocol handles both intra and 
inter domains mobility management. Single mobility management protocol needs to 
handle beacon update and acknowledgement for inter and intra mobility managements. 
This causes significant delay and distortion which decrease the efficiency of wireless 
communication. Having known this issue, the aims of this thesis are: firstly, 
performance evaluation and comparison of various mobility management protocols in 
WMN environment. The Host-Based and Network-Based mobility management 
protocols are consolidated in WMN environment and separately implemented and 
handles the inter and intra mobilities. MIPv6 and FMIPv6 are chosen to operate in intra 
network scenario while for inter network scenario, HMIPv6, FHMIPv6 and PMIPv6 are 
appointed to handle the operation. The perfonnance results show that the FMIPv6 have 
better perform than MIPv6 in intra network scenario. While for inter network scenario, 
the PMIPv6 is outperformed which compares to HMIPv6 and FHMIPv6. Secondly, the 
target is to enhance the performance of standard FMIPv6 in intra network scenario. The 
Optimise FMIPv6 (O-FMIPv6) was introduced with new fast handover scheme based 
on the standard FMIPv6 to operate in intra network scenario. For enhanced fast 
handover mechanism, when the MN senses lower signal strength, MN advertises to the 
neighbour network for the need to attach to the new higher signal strength access point. 
MN informs the new access point of the need to change to the new access point before 
the process of handover. Thus, this can reduce the handover latency of handover 
processes. Thirdly, it is to propose route optimise PMIPv6 (RO-PMIPv6) with new 
route optimisation scheme which modifies theLMA and MAG entitles. When there is a 
need to connect to different hierarchical access points, only LMA involves to inform the 
different hierarchical access points and CN before and after the handover process is 
performed. This can reduce the time of handover process and thus decreases the 
handover latency and increases the wireless communication efficiency. For both intra 
and inter domains mobility management over WMN, the end-to-end delay, packet 
delivery ratio (PDR) and throughput are measured to show the optimisation of the 
proposed O-FMIPv6 and RO-PMIPv6. Lastly, the results show that the designed intra 
domain mobility with O-FMIPv6 and the inter domain mobility with RO-PMIPv6 
enhanced the mobility management performances. The O-FM1Pv6 performs 2.2% lower 
in end-to-end delay, 3.7% higher in PDR and 5.4% higher in throughput as compared 
with standard FMIPv6. The RO-PMIPv6 performs 58.3% lower in end-to-end delay, 
2% higher in PDR and 2. 7% higher in throughput as compared with standard PMIPv6. 
With this enhanced mobility management, it is believed that with the implementation of 
the designed mobility management protocols, this can reduce latency, increase 
throughput and decrease distortion. With these criteria, the future aims of wireless 
communication while moving is made possible which eases the communication 
between human. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

The existence of communication over the Internet is as a very powerful platform 

that has forever change the way human communicate each other. Furthermore, the 

innovations of the social web and mobile technology have changed the way people 

utilise the Internet. For an example, the creation of Facebook had found out new ways 

to communicate. As of the middle of2017, Facebook had 2 billion monthly active users 

(Internet World Stats, 2017). The tremendous demands for the social market are 

pushing the booming the development of mobile communications to growth faster than 

ever before. The mobile communication' s technology enables human to possibly reach 

the Internet using the mobile devices within the fastest duration. Based on the research 

report from Internet World Stats, the world human population on January 2017 have 

reached 7.476 billion; the Internet users reach 3.773 billion which about 50% 

penetration. The unique mobile user's penetration reaches 66% which about 4.92 billion. 

The forecast expected that the unique mobile user's population will reach 71% by 2019 

(Internet World Stats, 2017). Based on the research report, the mobile Internet becomes 

the main trend of the Internet usage and mobile devices become part ofhuman life. 

The dependency of human toward the Internet has raised the usage of Internet 

which causes congestion and intermittent connection issues that rise rapidly (Montavont 

& Noel, 2002). Present telecommunication infrastructures also have some coverage 

issues as it cannot cover specific areas in its coverage area such as alpine area, 
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underground facilities, and forest region. Furthermore, people from rural areas have 

been receiving limited coverage from entire major telecommunication service providers 

(Liew, Yeo, Ab, & Othman, 2004). Lack of connectivity in rural areas is caused by poor 

infrastructure as most rural areas have to depend on service tower that is miles away 

from their service province to receive signal. Cost of upgrade at this phase could cause a 

fortune and it is less profitable based on business and market point ofview. 

Finding the ways to solve the intermittent connection problem, the wireless mesh 

networks (WMN) rise up to overcome this obstacle. A generic WMN is comprised of a 

combination of static mesh routers and mobile mesh nodes. Mesh routers form a 

wireless multi-hop backbone network. Some mesh routers function as the gateways and 

are connected via wired links to the Internet. Mesh routers are dedicated nodes for 

routing wireless traffic either from mobile mesh nodes to the wired Internet or between 

mobile mesh nodes. Mobile mesh nodes access the network via a mesh router which 

serves as the access point (AP). With the help of multi-hop connectivity among mesh 

routers, the number of required Internet entry points can be reduced. Therefore, WMN 

can cover a large area with low deployment cost (Ian. F. Akyildiz & Wang, 2005). 

Besides that, WMN can be accessed by municipal forces that make uses of cars, 

or community networks can be accessed by subscribers with hand -held devices. These 

considerations push for the support of mobility. Mobility management is the 

fundamental technology used to automatically support mobile terminals which are 

accepting the Internet services while simultaneously roaming freely without the 

disruption of communications (Johnson, Perkins, & Arkko , 2004). The interconnection 

of mobility management and wireless mesh network can be facilitated through merging 

mobility management scheme with WMN (Rongsheng, Chi, & Yuguang, 2007) . The 

handover quality is one of the most indispensable testing items in each field trial test. 
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