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Abstract

Connection Survival using Position-Based Routing in Mobile Ad Hoc

Networks

Abedalmotaleb Zadin

Concordia University, 2015

Mobile ad hoc networks (MANETS) have witnessed a tremendous growth in the recent
years thanks to technological advancements and energy saving techniques that have
made possible the creation of autonomous mobile communicating systems. Still,
MANETS face many challenges in terms of stability, power consumption and quality
of service. Typically, stability is assured through the use of reliable communication
channels protected by failure recovery protocols.

In this thesis, we examine the stability problem by the elaboration of new position-
based routing algorithms that maintain stable connections between nodes in MANETSs.
The positions of the nodes are updated by the regular beacon broadcasts. Specifically,
we have extended the backup path mechanism used by Yang et al.’s 2011 Greedy-
Based stable multi-path Routing protocol (GBR), that have been recently used in
MANETSs. In terms of stability alone, our algorithms have explored using more
general backup paths; re-establishing broken paths from the last reachable node;
or using a conservative range for neighbor next-hop selection. The latter protocol
(GBR-CNR), using a Conservative Neighborhood Range (CNR), is the most efficient

in simulations.
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To be able to accommodate energy constraints typical in MANETS, we study
energy efficient variations of these stable position-based routing algorithms. We study
the use of Dynamic Transmission Ranges (DTR) or energy-aware neighbor next-hop
selection, such as the LEARN algorithm, to assure energy efficiency while preserving
connection stability. Out of all the algorithms considered, the combination of CNR
and DTR, GBR-CNR-DTR, outperforms the rest in simulation.

Concerning the Quality of Service (QoS), we consider variations of GBR-CNR
that improve QoS through the reduction of interference that affect the quality of
communications. We develop stable communication protocols that mitigate interfer-
ence between mobile nodes by minimizing the number of corrupted packets through
the use of different techniques such as defining new methods to choose the hereafter
hop in a communication process.

Overall, this thesis presents several new stable position-based routing algorithms
that improve energy consumption and QoS in MANETSs. Secveral of the introduced
algorithms are shown to have better capabilities than previously published algorithms

as demonstrated in the simulation results.

iv



Acknowledgements

First of all, T thank Allah (God) for helping me to complete this research, as
it often happened that I feel that it was impossible to finish the fulfillment of the
requirements for the Ph.D.

I would also like to gratefully and sincerely thank my supervisor, Dr. Thomas
Fevens, for his assistance, guidance, understanding, patience, and most importantly,
his friendship during my Ph.D. studies at Concordia University, Montreal, Canada.
His supervision was paramount in providing a well-rounded experience, consistent
with my long-term study goals. He always encouraged and helped me to grow as
an experimentalist and as an independent thinker. It was encouraging to see many
graduate students to be given the opportunity to develop their own individuality and
self-sufficiency by being allowed to work with such independence. For everything you
have done for me, Dr. Fevens, I thank you.

Moreover, I would like to thank the Department of Computer Science and Soft-
ware Engineering at Concordia University, especially the members of my doctoral
committee for their input, valuable discussions, and accessibility.

Many thanks are to be extended to the Libyan Government, for the support they
have provided me as a recipient of the Government Scholarship. This has offered me
the opportunity to pursue my Masters and my Ph.D. at Concordia University. As
a matter of fact, without the scholarship support, this study would have not been
possible.

Finally, T would like to extend my gratitude to the many people who helped to
bring this research project to fruition. Most importantly, I would like to thank my

wife, my dear brother Saleh Zidan, and my kids. Indeed, I am deeply grateful to



both my brother and my wife for their support, encouragement, quiet patience, and
unwavering love which was undeniably the bedrock upon which the past many years
of my life have been built in Canada. I thank my parents and the rest of my relatives,
for their faith in me and for allowing me to be as ambitious as I wanted. It was under
their watchful eye that I gained so much drive and the ability to tackle challenges
head on. Also, I would like to thank my dear friends Babar Jehangir Khan, Taoufik
Bdiri and Ali Asghar Shaikh. In fact I am lucky to have met them, and I thank them

for their friendship, love, and unyielding support.

vi



Contents

List of Figures xi
Acronyms XV
1 Introduction 1
1.1 Research Focus . . . . . . ... . ... ... ... 3
1.1.1  Comnnection with Survivability . . . . . . ... ... ... ... 4

1.1.2  Energy Consumption . . . . . . .. .. .. .. ... ... ... 4

1.1.3 Communication Interference . . . . . . . ... ... ... ... 5

1.2 Case Study: Application of Reliable Communication in Healthcare Sys-

tem . . . Lo )

1.2.1 Motivation of Mobile Healthcare Social Networks . . . . . .. 6

1.2.2  Mobile Healthcare Social Networks Challenges . . . . . . . .. 7

1.3 Thesis Contribution . . . . . . .. . ... .. L o 8
1.4 Planof Thesis . . . . . . . . . . . .. 10

2 Background and Literature Review 11
2.1 Mobile Ad Hoc Networks . . . . . .. . ... ... ... ... ..... 14
2.1.1 Network Model of MANETs . .. ... ... ... ...... 14

vii



2.1.2  Two Dimensional Network Models . . . . .. ... ... ...
2.2 Mobility Models in Wireless Topologies . . . . . . .. .. .. .. ...
2.2.1  Most Commonly Employed Mobility Models . . . . . ... ..
2.2.2  Comparison of Mobility Models . . . . . ... ... ... ...
2.3 Routing Protocols . . . . . . . ... ...
2.3.1 Topology-Based Routing . . . . ... .. ... ... .....
2.3.2 Position-Based Routing . . . .. ... ... ... .......
2.3.3 Multi-path Route Discovery Protocol . . . . . . .. . ... ..
2.3.4 Measures of Efficiency in Routing . . . . . ... ... ... ..
2.3.5 Stable Routing and Energy Efficient Routing . . . . . . . . ..
2.4 Quality of Service and Minimizing Interference . . . . . . . ... ...
2.4.1 Quality of Service Management . . . . . .. .. ... .. ...
2.4.2 Minimizing Interference . . . . . . . ... ... L.
2.5 Impact of Simulation Parameters Choices . . . . . . .. .. ... ...
2.5.1 Impact of HELLO Messages Interval Duration . . . . . . . ..
2.5.2  Effect of Varying Node Velocity . . . . . ... ... ... ...

2.6 Background Summary . . .. ... .00

Stability Oriented Connections and Survivability Assurance

3.1 Connection Survival Protocols . . . . . . ... ... ... ... .. ..
3.1.1 Connection Survival Schemes Based on Link Protection . . . .
3.1.2  Connection Survival Scheme Based on Node Protection . . . .
3.1.3 Impact of HELLO Messages Interval Duration . . . . . . . ..

3.2 Experiments and Results . . . . . ... ... . ... ... .......

3.2.1 Node Protection vs. Link Protection: Results and Discussion .

viii

40

41

41

47

50

51

52



3.2.2  TImproved Link Protection Techniques: Results and Discussion 54
3.2.3 Effect of HELLO Interval Duration: Results and Discussion . 56
3.2.4  Effect of Varying Node Velocity: Results and Discussion . . . 65
3.2.5  Effect of varying the HELLO Interval Duration and the Node
Velocity: Results and Discussion . . . . . . . . .. .. .. ... 67

3.3 Connections Stability Summary . . . . . ... .. ... 76

Energy Efficient Stable Routing using Adjustable Transmission Ranges

78
4.1 Energy Awarc Routing on MANETs . . . . .. ... ... ... ... 79
4.1.1 Measuring Energy Consumption . . . . ... ... ... ... 79
4.1.2 Dynamic Transmission Power . . . . . . . ... ... .. ... 81

4.1.3 Stable Routing through Energy Efficient Routing on MANETs 81

4.2 Energy Consumption Protocols . . . . . ... ... ... ... .. .. 83
4.3 Experiments and Results . . . . . . .. ... .. ... .. ....... 87
4.3.1 Energy Aware Techniques: Results and Discussion . . . . . . . 88
4.3.2 Energy Efficiency Summary . . . . .. ... ... 95

Minimizing Communication Interference for Stable Position-Based

Routing 97
5.1 Definition of Interference and Proposed Protocols . . . . . . .. . .. 98
5.1.1 Definition of Interference . . . . . . . ... .. ... ... 98
5.1.2 Proposed Protocols . . . . . ... ... ... .. ... .. ... 99
5.2 Related Review to Minimize Interference . . . . . .. .. .. ... .. 99
5.3 Routing Environments and Models . . . . . ... ... ... ..... 102

ix



5.3.1 Conservative Neighborhood Range Model . . . . . . . . . . .. 103

5.3.2 Interference Ratio Models . . . . . ... ... ... ... ... 105
5.4 Minimizing Interference Schemes . . . . . . . . ... ... ... ... 108
5.4.1 Minimizing Interference Using the Node with Fewer Neighbors 109

5.4.2  Minimizing Interference Using the Next Hop Node with Less
Used . . . . . . . 110
5.5 Performance Evaluation of Minimizing Communication Interference . 110
5.5.1 Simulation Setup of Communication Interference . . . . . . . 111
5.5.2  Effect of Communication Interference: Results and Discussion 112
5.6 Minimizing Communication Interference Summary . . . . . . . . . .. 119
6 Conclusion and Future Work 120
6.1 Summary of the Thesis . . . . . . . . ... .. .. .. ... ... ... 121
6.2 Contribution of the Thesis . . . . . . . .. ... ... ... ... ... 122
6.3 Drawback of our approaches . . . . . .. ... ... ... ... ..., 125
6.3.1 The drawback of distributed networks . . . . . ... ... .. 126
6.3.2 The drawback of using backup paths . . . . .. .. ... ... 127
6.4 Conclusions . . . . . . .. ... 127
6.5 Future Work . . . . .. ..o 128
6.6 Publications . . . . . . ... 129
Bibliography 130



List of Figures

1.1

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

2.13

2.14

2.15

3.1

Architecture of mobile community platform for healthcare . . . . .. 6
Centralized Architecture . . . . . . . ... ... ... ... 12
Decentralized Architecture . . . . . . . .. ..o 13
Orthogonal frequency-division multiplexing . . . . . . . .. ... ... 16
Time division multiple access . . . . . . . . . . .. .. ... ... .. 17
Aunit disk graph . . . . ..o o 18
A quasi unit disk graph . . . . . ... 19
A topology of wireless sensor networks . . . . .. ... .. ... ... 20
A Random walk approach in wireless sensor networks . . . . . . . .. 22
A Reflection approach in wireless sensor networks . . . . . . . . . .. 23
A random waypoint approach in wireless sensor networks . . . . . . . 24
A random direction approach in wireless sensor networks . . . . . . . 25
Swiss flag approach in wireless sensor networks . . . . . . . ... . .. 26
Face Based Routing . . . . . . . ... ... ... 28
Primary path’s link . . . . . ... ... ... . L 30
One hop backup link . . . ... ... ... ... ... .. ....... 32
Two hops backup link . . . . . . ... .. ... ... .. ..., 43

xi



3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

Broken both primary and backup paths . . . . . ... ... ... ... 44

Considering Transmission Range R. . . . . . . . ... ... ... ... 46
Node failure in link protection mechanism . . . . . . . ... ... .. 47
Node recovery in node protection mechanism . . . . . . . . . ... .. 48
Number of Delivered Packets . . . . . . . .. ... ... ... .. ... 53
Packet Delivery Ratio. . . . . . . . . . . ... . ... ... .. ... 54
Delivered Packets . . . . . . .. . ... . 55
Packet Delivery Ratio. . . . . . . . .. ... ... ... ... ..., 56
Message Exchange vs. Number of Nodes in One seconds . . . . . . . 59
Message Exchange vs. Number of Nodes in Two seconds . . . . . . . 59
Message Exchange vs. Number of Nodes in Three seconds . . . . . . 60
Message Exchange vs. Number of Nodes in Four seconds . . . . . . . 60
GBR: Total Delivered Packets . . . . . . ... ... ... ... .... 62
LBR: Total Delivered Packets . . . . . . .. .. ... ... ... ... 62
GBR-CNR: Total Delivered Packets . . . . . ... ... ... ..... 63
GBR: Packet Delivered Ratio . . . ... ... ... ... ....... 63
LBR: Packet Delivered Ratio. . . . . . . .. ... ... ... ... .. 64
GBR-CNR: Packet Delivered Ratio . . . . ... ... ... ... ... 64
Total Packet Delivered . . . . . . . . .. .. ... . L. 66
Packet Delivered Ration . . . . . . . ... ... ... ... ...... 66
Delivered Packets in One second Interval . . . . . .. ... ... ... 68
Delivered Packets in Two seconds Interval . . . . .. ... ... ... 68
Delivered Packets in Three seconds Interval . . . . . . .. ... ... 69
Delivered Packets in Four seconds Interval . . . ... ... ... ... 69

xii



3.26
3.27
3.28
3.29
3.30
3.31
3.32
3.33
3.34

3.35

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5.1

Packet Delivered Ration in One second Interval . . . . ... ... .. 70
Packet Delivered Ration in Two seconds Interval . . . . . .. . .. .. 71
Packet Delivered Ration in Three seconds Interval . . . . . . . . . .. 71
Packet Delivered Ration in Four seconds Interval . . . ... ... .. 72
GBR: Total Number of Delivered Packets . . . . . . . ... ... ... 73
LBR: Total Number of Delivered Packets . . . . . .. ... ... ... 73
GBR-CNR: Total Number of Delivered Packets . . . . ... ... .. 74
GBR: Packets Delivered Ration . . . . . ... .. ... ... ..... 74
LBR: Packets Delivered Ration . . . ... ... ... ... ... ... 75
GBR-CNR: Packets Delivered Ration . . . . . .. ... ... ... .. 75
Adjustable Transmission Range R, . . . . . . . .. .. .. ... ... 84
How LEARN chooses the next hop . . . .. ... ... ... .. ... 86
Packet Delivery Ratio. . . . . . . . . . . ... . ... ... ... ... 89
Maximum Energy per Node . . . . . . ... ... ... ... ..... 91
Average Energy per Node . . . . . . ... ... ... ... ... ... 91
Average Energy per Delivered Packets . . . . . ... ... ... ... 92
GBR: Average times of (CNP and UBP) during the interval . . . . . 94
LBR: Average times of (CNP and UBP) during the interval . . . . . 94
GBR-CNR: Average times of (CNP and UBP) during the interval . . 95
Effective interference model for a typical receiver canceling the two

strongest interferers . . . . . . ... oL L 101

xiil



5.2

5.3

5.4

5.5

5.6

5.7

<t
oo

5.9

5.10

5.11

5.12

5.13

5.14

5.15

GBR-CNR selecting a next hop node: If node A is the sender and node
D is the destination, then the GBR-CNR mechanism will be as follows:
node A will pick the node B, the hereafter node in the path. Since
node B is the closest destination node among all of node A’s neighbors 104
Transmission Range for GBR-CNR protocol: If node u is the sender
and node D is the destination, then node u will pick the node v that

is close to the destination as its hereafter node, if node v will not go

out of transmission range of node v during that interval. . . . . . .. 105
Calculate restricted area . . . . . . .. ... o000 108
Next hop according to the number of neighborhood nodes . . . . . . . 109
Next hop according to the number used . . . . . . . . ... ... ... 111
Total Number of Delivered Packets . . . . ... ... ... ... ... 113
Most Highly Used Node in Different Paths . . . . . ... .. ... .. 113
Total Number of Lost Packets . . . . . . .. ... ... ... .. ... 114
Total Number of Corrupted Packets . . . . . . . ... ... ... ... 115
The percentage of total number of delivered packets . . . . . . . . .. 115
The percentage of packets lost during transmission . . . . . .. . .. 116
The percentage of corrupted delivered packets . . . . . . . ... ... 117
Average CNP vs Nodes Number . . . . . .. ... ... ... ..... 118
The Percentage Decrease of CNP over GBR-CNR . . . . . . ... .. 118

Xiv



Acronyms

AODV Ad Hoc On-demand Distance Vector
AODV Ad Hoc On-demand Distance Vector
CB Completing Backup

CBR Constant Bit Rate

CGSR Cluster-head Gateway Switch Routing Protocol
CNR Conservative Neighborhood Range

CSI Channel State Information

CTS Clear To Send

DSDV Destination Sequence Distance Vector
DSR Dynamic Source Routing

DTR Dynamic Transmission Range

ECG Electrocardiography

FDMA Frequency Division Multiple Access
GBR Greedy-based Backup Routing Protocol

GBR-CTR GBR with Conservative Transmission Range

GFG Greedy Face Greedy
GPS Global Positioning System
GPSR Greedy Perimeter Stateless Routing

XV



IA-CLR
LBR
LEARN
LET

LS
LSEA
MAC
MANETSs
MHSNs
OFDM
PDR
PET
QoS
q-UDG
R-DSDV
RF
RNA
RREP
RREQ
RTP
RTS
SINR
TDD

TDM

Interference Aware Cross Layer Routing protocol
LEARN-based Backup Routing

Localized Energy Aware Restricted Neighborhood Routing
Link Expiration Time

Location Services

Line Stability and Energy Aware

Media Access Control

Mobile Ad hoc Networks

Mobile Healthcare Social Networks

Orthogonal Frequency-Division Multiplexing
Packet Delivery Ratio

Path Expiration Time

Quality of Service

Quasi Unit Disk Graph

Randomized Destination Sequence Distance Vector
Radio Frequency

Restricted Neighborhood Area

Route Reply Message

Route Request Message

Real-time Transport Protocol

Request To Send
Signal-to-Interference-plus-Noise Ratio

Time Division Duplex

Time Division Multiplexed

Xvi



TDMA Time Division Multiple Access

TS Time Slots

UDG Unit Disk Graph

VoIP Voice over IP

Wi-Fi Wireless Fidelity

WRP Wireless Routing Protocol
WSN Wireless Sensor Network

xXvii



Chapter 1

Introduction

Wireless networks are formed by interconnected devices communicating wirelessly
within a relatively limited area. Mobile Ad hoc NETworks (MANETS) are a type of
wireless network where mobile devices are themselves responsible for communication
with each other without the presence of a centralized infrastructure. Moreover, each
device in a MANET is not only responsible for network traffic related to itself but also
has to forward unrelated traffic as an intermediary. Nodes in MANETS can typically
move in any direction they want and therefore links between them and other devices
may frequently change.

In MANETSs with highly mobile nodes, there is a high probability that a link
between two neighbors in a path will eventually break. To increase the stability of
routing in MANETSs and provide a reliable end-to-end route, one approach would
be for each node to choose the most stable route from its options. In other words,
to improve the stability along the path in the presence of expiring links, another

approach is to maintain a backup path to the primary path along the connection. In



particular, a reliable connection could be achieved by protecting the links between
each pair of nodes participating in the primary path by maintaining local backup
paths in parallel with each link in the path to be used when that link expires. In this
thesis, we will study in particular, the latter approach using backup paths.

By focusing on link stability in MANETS, link failures leading to a connection
break that will cause the traffic flow to be interrupted until a new route is formed.
This leads to packet delivery gaps that are unacceptable for real-time applications
such as mobile wireless telemedicine. In fact, a major drawback of the link protection
technique occurs when a node in the primary path fails or becomes unresponsive. This
makes the connection completely broken. So, we will also address the issue of protect-
ing the intermediate nodes instead of just protecting the link between two neighboring
nodes within the same path. Such a protection shall lead to the improvement of the
path lifetime, achieving a better routing stability in MANETSs environments.

Indeed, MANETS devices are typically powered by batteries with limited comput-
ing capability, so that the battery capacity constraint is one of the most important
limitations in developing applications and services for mobile devices [31]. As MANET
systems become more widely deployed, it is important to maintain stable connections
while taking in consideration the energy consumption that is required to communicate
over these connections that consumes a large part of the available energy resources
of the mobile devices.

In MANETS, all nodes that have messages (packets) to exchange must transmit
their packets concurrently if there is no interference that can affect their commu-
nication. In other words, to achieve high network efficiency in MANETS, parallel

transmissions on more than one link must be considered by routing and scheduling



protocols. Interference in MANETS is a result of concurrent transmissions taking
place in the neighborhood (asynchronous). It is also associated with collisions (which
produce corrupted data) arising from nodes, outside the range of each other, trans-
mitting to a common receiver at the same time (synchronous) that will affect the
quality of communications.

Many routing protocols have been proposed to improve the routing efficiency
in MANETSs. Those protocols can be broadly categorized into two approaches: 1)
Topology-based routing and 2) Position-based routing. In ad hoc routing, position-
based routing protocols makes forwarding decisions using its own position, the des-
tination’s position to choose the next hop node, and the position of its one-hop
neighbors in order to forward packets to it [54]. Since it is not necessary to maintain
explicit routes, position-based routing scales well even if the network is highly dy-
namic. For MANETS, most recent work on routing that is stability-oriented has been
for topology-based routing with exception of the position-based Greedy-based Backup
Routing Protocol (GBR) [90] using backup paths to maintain link stable paths. For
position-based routing to the best of our knowledge on mobile ad hoc networks, no

previous work has studied stable routing in combination with energy efficiency.

1.1 Research Focus

To achieve the greatest realism in MANETS, routing is done using reactive on-demand
philosophy where routes are established only when required. Also, mobile nodes
communicate with each other using multi-hop wireless links that build depend on

the location of the nodes; therefore, we study route stability in MANETSs by using



a position-based routing protocol. Previously proposed geographic routing protocols
commonly employ a maximum-distance greedy forwarding technique that works well

in ideal conditions.

1.1.1 Connection with Survivability

Since nodes in MANETSs systems can move freely and randomly in any direction,
routes often get disconnected. However, the major challenge for MANETS is to
implement stable connections that must respond to changes in the network topology in
order to maintain and reconstruct the routes in a timely manner as well as to establish
stable routes. Therefore, finding and maintaining stable routes is a significant issue

on the communication stability in MANETS.

1.1.2 Energy Consumption

As we have discussed, nodes are also acting as intermediate nodes to forward other
nodes data. For this reason, those intermediate nodes have large burden that leads
to higher energy consumption. Mobile nodes have limited amounts of energy that
is consumed in different ways depending on it’s transmission range and other energy
consuming factors. The energy concentrate on nodes in MANETS operate on limited
batteries, so it is a very important issue to use energy efficiently and reduce power
consumption. In this research, many routing protocols have been introduce an adap-
tive routing protocol that is intended to provide a reliable and efficient routing with

low energy consumption in MANETS.



1.1.3 Communication Interference

In MANETS, during the route construction process, the neighborhood nodes exchange
messages in the contention mode, due to the communication being done wirelessly.
This leads to heavy control message overhead and communication interference [28]. As
a matter of fact, interference affects the throughput of communication in MANETS by
corrupting some of the packets that are exchanged among the mobile devices. There-
fore, it is important to study the interference schemes that improve the throughput

at the receivers in the MANETS environment.

1.2 Case Study: Application of Reliable Commu-

nication in Healthcare System

Our research in the field of MANETS focuses on the path stability; thus many systems
can benefit from it. For example, in healthcare systems, where path stability can be a
major challenge because it can be affected by many factors. Following is some insight
into the motivation and challenges involving healthcare systems and wireless networks.
Wireless devices have gained a lot of interest in the field of medicine with a wide range
of capabilities and stabilities [29]. In most developed countries, wireless devices are
being used to monitor critical illnesses such as cancer, cardiovascular diseases, asthma,
and diabetes. Wireless sensor networks have enabled medical doctors to monitor
patients remotely and give them timely feedback and support; potentially increasing
the reach of healthcare by making it easily accessible by supervisors, anytime and

anywhere as illustrated in Figure 1.1. In order to achieve that goal, our study was



about the improvement of the path stability on wireless devices by improving the
reliability of the network connection and the energy consumption of the wireless

devices.

Ambulance

Figure 1.1: Architecture of mobile community platform for healthcare

1.2.1 Motivation of Mobile Healthcare Social Networks

Social networks are beginning to be adopted by healthcare professionals as a means
to manage institutional knowledge, disseminate peer-to-peer knowledge, and to high-
light individual physicians and institutions [4,56]. A new trend is emerging where
social networks are used to help its members with various ailments - either physical or
mental. While building a reliable mobile healthcare system, some of the major chal-
lenges to improve Mobile Healthcare Social Networks (MHSNs) are Wireless Body

Area Network subsystems [7,75,80]. Monitoring applications would be desirable to



address security, privacy, confidentiality, authentication and reliability of communica-
tion, and its categories such as activities of daily living, fall and movement detection,

location tracking, medication intake monitoring, and medical status.

1.2.2 Mobile Healthcare Social Networks Challenges

MHSNs serve as mobile community platforms for healthcare purposes. A MHSN
topology could be built as a centralized healthcare system or a decentralized health-
care system. The response system increases patient safety by building the topology
as a decentralized technique and reducing the healthcare cost in order to provide
pre-hospital acute medical treatment [62,71]. In [88], a MHSN serving as a promis-
ing platform for an eHealthcare system, had attracted considerable interest. Profile
matching is an effective method for medical users to find possible helpers in the mo-
bile healthcare social networks while preserving personal health information privacy.
Also, Yang et al. [89] presented a distributed data storage architecture that facilitates
secure and efficient data replay in eHelathcare information system.

In a survey done by Alemdar et al. [4], the authors evaluated state-of-the-art re-
search activities and present issues that needed to be addressed to enhance the quality
of life for the elderly, children, and chronically ill people. With the increasing demand
in providing high quality healthcare services to individuals, healthcare applications
are gaining a lot of popularity in society. By providing a reliable connection between
medical practitioners and doctors, in the case of a medical emergency, we can ensure
pre-hospital acute medical treatment.

One such research work was carried out in North Carolina [61]. Pre-hospital care

is given to the patients suffering from cardiac arrest by transmitting, wirelessly, the



electrocardiography (ECG) of the patient. The transmission could be sent on-site
or from an ambulance to the cardiologist so that hospital staff are prepared to treat
the patient accordingly when the patient arrives at the hospital. Also, in case of
an emergency involving several people, the system should be able to establish and
maintain contact with everyone in life threatening situations such as heart attack,
cardiac arrest, and so on. For example, if a person suffers a heart attack on the
ground floor of a building, the system should be reliable enough to handle early and
specialized pre-hospital patient management.

In many daily life situations, it is important to protect the path between pairs of
nodes. For instance, making communication reliable while providing healthcare ser-
vices is one of the important issues that should be studied further. Many researchers
have evaluated many kinds of backup recovery mechanisms and presented issues that

need to be addressed in order to enhance the quality of life for patients [17,51,65,71].

1.3 Thesis Contribution

This research will motivate the need for adaptive mobile ad hoc networks management
to best support wireless path protection and dynamic mobile devices movement. It
will discuss some current research such as interference and energy efficient protocols
and algorithms. The objective of our study focuses on the issues of mobile commu-
nication stability, in general, in order to improve network throughput in MANETS.
Furthering the work presented in [90], we propose to improve the efficiency (in terms
of network throughput) and overall routing communication stability by using ideas

such as protecting the nodes in the paths instead of protecting a link between the



nodes. Also, we propose creating more general backup paths for link protection,
rediscovering a path from the last reachable node instead of from the source node
when a connection fails, use of the conservative neighborhood range technique, min-
imizing message overhead, minimizing the energy consumption, and minimizing the
communication interference.

Extensively, we studied the benefits of conservative neighborhood range protocol
in terms of energy efficiency, less message overheads, and less communication inter-
ference. We studied those problems by using a position-based routing protocol which
is covered in Section 2.3.2. This was based on the combination of link stable routing
with dynamic transmission ranges, and stable path without the backup path, in order
to minimize messages exchange. The dynamic transmission ranges establish energy
efficiency while maintaining the high connection throughput enabled by stable con-
nections. In this thesis, we introduce a backup-path routing protocol that aims to
handle both link expiration and nodes that become unresponsive in MANETS.

Our protocols deal with mobility, break-down of wireless links and also the disap-
pearances and reappearances of nodes. By adapting previous work for link protection,
we introduced a node protection scheme for the route survival in MANETS that can
also be considered effective for link protection. In [92], as discussed in detail later in
Chapter 3, we studied the idea of using a Conservative Neighborhood Range (CNR)
such that there was no need to establish backup paths. We expected that this would
have had reduced the message overhead better than previously studied protocols, such
as GBR, that maintain path stability by applying a backup path mechanism. We fo-

cus on developing protocols to decrease the number of messages exchanged during



path establishment and to determine a better interval time that will improve com-
munication stability in MANETs. We will use, in particular, an approach based on
GBR [90] to ensure link stability.

In MANETS, the interference is a result of concurrent transmissions taking place
in the neighborhood (asynchronous). This can be caused by multiple path sharing
nodes, for example. Simultaneously, the non-interference links can transmit data to
minimize problems at the receiver side such as data collisions, which causes data
corruption. Chapter 4 gives a brief study about minimizing the interference that will
improve the system performance and to maximize utilization of network bandwidth

that lead to higher throughput.

1.4 Plan of Thesis

The rest of this thesis is organized as follows. In Chapter 2, we review specifically
related work, give details of the stable routing protocols that we studied, give a brief
description about different approaches to calculate the energy in MANETS, give some
details of the impact of HELLO interval duration, and describe the effect of commu-
nication interference in MANETSs. In Chapter 3, we propose our developments to
improve connection survival, and the impact of both the effect of varying node ve-
locity and HELLO message interval duration in MANETSs networks. We propose
different energy efficient routing protocols based on stable routing protocols in Chap-
ter 4. Also, in Chapter 5, we studied the impact of minimizing the interference that
will improve the system performance and maximize utilization of network bandwidth.

Finally, concluding remarks and future work are discussed in Chapter 6.
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Chapter 2

Background and Literature Review

As mentioned in the introduction, in MANETS there are two types of wireless archi-
tectures used to build a wireless topology: centralized and distributed architectures.
A centralized system is one in which communications are routed through one or more
major Base Stations (BS), such as seen in Figure 2.1. Therefore, a source S request
has to go through the base station to reach destination D, even if S and D are physi-
cally within transmission range of cach other. The advantages of a centralized system
are: a centralized station will control the entire system and keep the related packets
together, so the design of the system will be less complicated. Also, the centralized
system will take all the responsibility to manage the network traffic, reduce packet
duplication at the receiver side, easily control the privacy and security, and provide
uniform service to all users.

There are some disadvantages of a centralized system, which are: even if the
destination is within the transmission range of the source, the request will go through

the centralized system, and this will increase the number of hops between them.
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Figure 2.1: Centralized Architecture

Also, when a new node wants to join the network, it needs to get permission from the
centralized station. Other drawbacks of the centralized system are lack of scalability
and reliability because a node needs permission to join the network. Furthermore,
nodes nearest to the central station are heavily used, so their failure will have a
disproportionate effect. Moreover, if a centralized system station malfunctions for
any reason, the entire system will be severely affected.

In a decentralized architecture, as illustrated in Figure 2.2, there is no single
centralized node that makes decisions (e.g. join a network, network routing, shortest
path, scheduling, queuing, priority, and fairness) for the wireless nodes. Therefore, if
a node wants to send a message to another node, it has the responsibility to manage
the traffic. Now, S can communicate directly with D, as shown in Figure 2.2 (a).

If D is within the transmission range of S, without having to go through a base
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station. However, if the destination is outside the source’s transmission range, the

communication will be established through multihops as shown in Figure 2.2 (b).
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(a) Direct Connection

(b) Indirect Connection

Figure 2.2: Decentralized Architecture

The advantages of a decentralized are that: a decentralized system results from

the incremental growth of the network topology, so the system is scalable, is more

reliable since if any node crashes, the system as a whole can still operate. Also, it

can more easily accommodate node movement. However, there are disadvantages of

the decentralized system. Designing decentralized can be a very complex task for

overall system objectives. Therefore, as with a centralized system, controlling the

overall system is also very complicated. During the communication in a decentralized

system, it is not easy to reduce message duplication at the receiver side of the sensor

networking nor does it provide a uniform service to all users. Furthermore, all nodes

have equal responsibility to make a decision that will make issues like security and

privacy that are more difficult to control during communication.
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2.1 Mobile Ad Hoc Networks

At any time t MANETS use a decentralized system architecture in order to achieve less
delay and an efficient utilization of network resources such as bandwidth, concurrent
transmission,...etc. Also, in MANETS, all the nodes in the network act similar to a
router, which will forward messages for other nodes. However, in order to achieve
improved performance for a wireless network, one of the major functions of MANETS
that, we studied, is the stability of the path between a pair of mobile nodes interested
in communicating.

Also, routing in a MANET depends on many factors including network topology,
the type of information available during routing, and specific underlying network char-
acteristics that could serve as a heuristic while finding a path quickly and efficiently.
However, to define how connections between communicating nodes are established in
MANETS, we first need to define our network model of a MANET and discuss how

routes are determined in this “model”.

2.1.1 Network Model of MANETS

MANETS can be modeled using a graph G = (V, E), where V represents the set
of nodes/vertices, and E represents the set of links/edges. Each edge represents a
link between two nodes currently within the transmission range which, for this work,
we will assume to be the same for all nodes [46] (the resulting graph is termed a
Unit Disk Graph (UDG). We will denote the set of neighbors of a node v; by N(v;).
A path of length n between a source node S and a destination node D is denoted
by (S = wg,v1,v9,...,0, = D), where v; € V and v; € N(v;_1). A path which

is used as the first choice while transmitting from source to destination is called a
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