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Abstract

This study investigates enhancing self-organizing wireless mobile network (MANET)
performance using the Optimized Link State Routing Protocol (OLSR) with Multi-Point Relay
(MPR) transmission. MANET routing protocols manage node mobility using metrics to assess
link quality. OLSR employs MPRs to identify routes, relaying Hello and Topology Control
(TC) messages for link-state information distribution. Since Hello and TC intervals
significantly impact link state, even brief link failures can degrade performance. This work
improves OLSR performance by adaptively adjusting Hello and TC intervals for faster route
recovery, minimizing overhead, and ensuring route freshness. OPNET Modeler simulations
compare the enhanced OLSR with traditional OLSR, GRP, and AODV protocols. The

evaluation occurs in various MANET scenarios using a Voice over Internet Protocol (VolP)

application, focusing on WLAN delay, throughput, and data dropped.
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Chapter One :
Introduction



1.1 Overview

Wireless ad hoc networks (WANETS) and mobile ad hoc networks (MANETS) consist
of groups of mobile devices that connect without a fixed infrastructure [1]. These networks can
be used in various applications, including smartphone ad hoc networks (SPANS), vehicular ad
hoc networks (VANETS), Internet-based Mobile Ad hoc Networks (IMANETS), Military or
Tactical MANETS, Flying Ad hoc Networks (FANETS), and Hub-Spoke MANETSs [2][3].
MANET, or WANET, is classified as an ad hoc network because it operates without fixed
routes or infrastructure. In this type of network, each device, or node, plays an active role in
routing information by sharing data. In mobile ad hoc networks (MANETS), collections of
mobile devices communicating without infrastructure, information routing adapts dynamically
based on the network'’s state and routing algorithms. Characterizing a MANET requires key
parameters like node count, link density, and mobility rate[4]. MANETs forego centralized
control, relying on self-organization and management instead of fixed infrastructure. Each node
acts as both host and router due to limited wireless range[5].

Enhancing OLSR for efficient network communication requires several key
improvements. Optimizing Multi-Point Relay (MPR) selection reduces redundant routing table
entries, improving both size and convergence speed[6]. MPR relays Hello and Topology
Control (TC) messages, essential for link-state discovery and distribution. Hello and TC
message intervals are crucial for network stability[7]. Even brief link failures can cause
significant performance issues. Implementing adaptive Hello intervals—faster in unstable
networks for quicker detection, slower in stable networks to reduce overhead—improves

performance effectively[8].

1.2 CLASSIFICATION OF MANETs ROUTING PROTOCOLS

MANET routing protocols are classified based on network structure, communication
model, routing strategy, and state information, with routing strategy and network structure
being the most common factors. Routing protocols are classified into two categories based on
their strategies: 1. Table-driven and 2. Source-initiated (on-demand). Additionally, they can be
categorized according to network structure as Flat topology-based (Uniform) routing,
hierarchical routing, or geographic (position-assisted) routing[9].

Flat topology-based routing protocols are classified into reactive (source-initiated/on-

demand), proactive (table-driven), and hybrid categories. Flat routing covers both routing



protocols based on the routing strategy[10]. The classification of MANET routing protocols is
shown in Figure 1.1.

This thesis examines topology- and position-based routing protocols in MANETS [11].

This section outlines the core features of three protocols: the reactive, topology-based
AODV (Ad Hoc On-Demand Distance Vector Protocol); the proactive, topology-based OLSR
(Optimized Link State Routing); and the position-based GRP (Geographic Routing
Protocol)[12].The classification of MANET routing protocols is shown in Figure 1. 1.

Extensive studies using OPNET 14.5 have validated these protocols. Ad-hoc routing
protocols offer improved scalability in wireless networks compared to infrastructure-based

networks because of their decentralized design[13].
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Figure 1. 1: Classification of MANET Routing Protocols[12].

1.2.1 Ad-hoc On-Demand Distance Vector (AODV)

AODV s a reactive routing protocol that maintains a routing table to store route
information, helping to determine paths between a source and a destination. It includes four
types of control messages: Route Error (RERR), Route Reply (RREP), Route Request (RREQ),
and Route Reply Acknowledgment (RREP-ACK). AODV employs route discovery for data
communication and broadcasts route error messages (RERR) to enhance packet delivery ratio
(PDR). Its strengths include low network overhead and reliability in wireless mesh networks.

The fundamental operations of AODV are detailed below [14].



1.2.2 Geographic Routing Protocol (GRP)

The Geographic Routing Protocol (GRP) is a position-based, proactive routing protocol
developed by OPNET that selects routes based on the shortest geographical distance. Each
mobile node utilizes GPS for accurate location tracking, which enables efficient data
dissemination by partitioning the network into quadrants. When entering a new area, nodes
update their location for flooding. They use a 'HELLO' packet to exchange information about
neighbours and locations. The protocol also features route locking, allowing a node to
backtrack and send a packet to the previous node if it cannot forward it, aiding navigation
around blocked paths[15][16].

GRP partitions a network into quadrants to minimize route flooding. Each quadrant is
defined as a square with user-specified dimensions measured in meters. The global area is
segmented into these quadrants according to latitude and longitude coordinates, which span
from -90 to +90 for latitude and from -180 to +180 for longitude. By knowing the position of
a node, you can easily identify the quadrant it is in. The world is split into these quadrants, with
latitude and longitude ranges from (-90, 180) to (+90, +180), each shaped like a quarter circle.
Each quarter circle consists of squares. The user specifies the size of each quarter circle in
meters. When flooding occurs, each node receives the locations of all reachable nodes.
Flooding is triggered when a node moves beyond a set distance or enters a new quadrant. Both
GPS coordinates and fixed reference points are used [15][16].

GRP improves performance through backtracking, using the Global Positioning System
for accurate node locations. However, during shorter periods, GRP may work less efficiently,

resulting in a higher packet drop rate due to more blocked routes[16].

1.2.3 Optimized Link State Routing (OLSR)

The Optimized Link State Routing (OLSR) protocol employs a proactive, table-driven
routing approach that incorporates an optimized link-state algorithm. It significantly reduces
the number of broadcast messages when transmitting data by implementing a system called
Multipoint Relay (MPR). OLSR effectively reduces the high maintenance load of table-driven
routing protocols, making it ideal for large, dense networks. It works well in distributed
environments and is especially suited for dense, mobile networks[17]. Compared to traditional
protocols, OLSR offers greater stability, reduces unnecessary flooding, and decreases control
message retransmissions. Its main function is to select MPRs, which are essential for efficient

message dissemination. MPRs forward broadcast messages, optimizing network-wide



communication. OLSR nodes use Hello and TC messages for network control and maintain
routing tables for all available paths. However, this method can increase network overhead and
may lead to delays in larger networks[18]. The protocol relies on two primary control
messages: Hello and TC messages. Hello messages are sent every 2 seconds, but require
multiple transmissions to ensure consistency, which can cause them to miss rapid quality
changes. Sharing these measurements across the network is necessary for informed routing
decisions, yet this process often introduces significant delays. For example, OLSR's TC
messages, sent every 5 seconds, are often delayed before being included in route calculations.
As a result, routing protocols typically respond to link failures rather than preventing them.
[19][20][21].

Link-state changes are detected by the periodic transmission and reception of hello
packets, which indicate current link status. The frequency of these packets determines the
sensitivity of link-state detection, with shorter intervals providing higher responsiveness. In the
Optimized Link State Routing (OLSR) protocol, hello packets assess the link states between
neighbouring nodes and facilitate the identification of two-hop neighbours. Each node
broadcasts hello packets containing information about its neighbouring nodes, enabling all
nodes to maintain both a neighbours table and a two-hop neighbours table based on the received
packets[22].

1.3 Problem Statement
OLSR uses HELLO messages and TC messages to discover neighbors and maintain
routes. Sending these messages too often creates unnecessary overhead, while sending them
too slowly can lead to outdated routes and packet loss:
e Too many HELLO and TC messages = Wasted bandwidth (bad for network efficiency).
e Too few HELLO and TC messages = Broken routes when nodes move/disconnect (bad

for reliability).



1.4 Proposed Solution

This thesis proposes a solution for adjusting HELLO and TC message intervals using
neighbor feedback to minimize overhead while maintaining fresh routes. The solution is
presented through key steps:
o Adjusts the intervals of HELLO and TC timing to be optimal according to network stability.
o This reduces wasted traffic while keeping connections strong, making it better.

1.5 Thesis Objective and Goal

This thesis aims to improve OLSR performance and compare it with three traditional
routing protocols: OLSR, AODV, and GRP. The performance evaluation focuses on WLAN
delay, throughput, and data drop metrics. The thesis objectives are explained in the following
steps:

e The enhancement for OLSR routing can be made more efficient by optimizing the
frequency of HELLO and TC messages, thus reducing unnecessary traffic while
maintaining strong connections.

e Reduce data overhead, improve efficiency, and achieve a higher data transmission success
rate.

Determining the optimal timing for retransmitting HELLO and TC messages in light,
dense networks and node mobility, based on the interval between received HELLO packets

from neighboring nodes.

1.6 Methodology

Achieving an optimal adjustment of HELLO and TC message timing in the OLSR by
leveraging neighbor feedback involves tuning the message intervals to balance overhead
reduction and route freshness. Here are the key steps for optimal adjustment:

1 Neighbor Feedback Mechanism:
o Nodes periodically collect feedback from neighbors regarding:

= Link stability (signal strength, packet l0ss).

= Route freshness (how recently topology updates were received).

= Network congestion (delay, queueing effects).

o Feedback can be piggybacked in HELLO/TC messages.

2 Adaptive HELLO Message Interval Adjustment:



o Increase HELLO interval if neighbors report stable links (light networks, low

mobility) to reduce overhead.

o Decrease HELLO interval if neighbors report frequent topology changes (dense

networks, high mobility) to improve route freshness.
3 Adaptive TC Message Interval Adjustment:

o Increase the TC interval if the network topology is stable (neighbors report

minimal changes).

o Decrease the TC interval if topology changes frequently (to ensure up-to-date

routes).

o Adjust based on TC message validity time (if a neighbor’s TC expires too soon,

decrease interval).

This methodology will focus on topology-based (proactive, reactive) and position-
based (geographical) routing protocols with the aim of evaluating the performance of Enhanced
OLSR (E-OLSR) with traditional OLSR, AODV, and GRP. These routing protocols are
selected due to their excellent performance, as noted in research on Mobile Ad Hoc Networks
(MANETS). To demonstrate the performance of enhanced OLSR, experimental simulations
will be used to explain the effectiveness of the enhanced protocol. Different scenarios are
implemented, involving the transmission of voice over IP (VolP) through the network. The
evaluation focuses on several key metrics, including delay, throughput, and data drop. In this
study, OPNET Modular has been used for modelling and simulation. Various scenarios are
implemented with different quantities of mobile nodes (30, 40, 50, and 60) with speeds up to
10 m/s and a workspace of 2000m x 2000m.

1.6.1 Validation & Convergence
Simulations/tests: The performance of enhanced OLSR will be compared against
traditional OLSR, which uses default intervals for HELLO and TC messages. Simulation

parameters are detailed in Chapter 4.

1.7 Literature Review
Researchers have analyzed MANET routing protocols using diverse simulators and
traffic data.
o Diaa Eldein Mustafa Ahmed, Hala A. Ebrahim, Othman Omran Khalifa, "Performance
Evaluation of AODV, OLSR, and GRP for Transmitting Video Conferencing over
MANETSs". This paper analyzes the performance of AODV, OLSR, and GRP for video



conferencing over MANETS using OPNET 14.5. It aims to identify which protocol best
supports video conferencing by assessing QoS metrics such as end-to-end delay, jitter,
packet delivery ratio, throughput, and WLAN load under different network conditions.
OLSR and GRP perform better than AODV in end-to-end delay and jitter, indicating that
proactive protocols are preferable for delay-sensitive applications. OLSR also excels in
throughput within dense networks, while AODV is better for network load due to its
reactive nature. The study concludes that OLSR and GRP are suitable for video
conferencing, but tuning their routing parameters could further reduce packet loss and
congestion.

Siyu Dong, Hong Zhang, "An MPR Set Selection Algorithm Based on Set Operation™. In
this paper, the analysis of the OLSR routing protocol's MultiPoint Relay (MPR) set
indicates that it performs effectively in typical environments but faces challenges in more
complex situations due to a limited reduction in nodes. This paper introduces a new
algorithm for selecting MPRs that utilizes cycle and set operations, which enhances
transmission success rates, although it may slightly increase delay. Future research will
focus on optimizing this algorithm to improve its performance across various
environments. This paper focuses on improving Multipoint Relay (MPR) set selection in
the OLSR protocol using set and cycle operations. This algorithm aims to reduce
unnecessary nodes in the MPR set, reducing network load and improving transmission
success rate. Its drawbacks include increased latency from computational and
implementation complexity, due to set and union operations requiring additional memory
and computation compared to traditional methods. It also lacks details regarding message
timing adjustment and neighbor feedback.

Esmot Ara Tuli, Mohtasin Golam, Dong-Seong Kim, and Jae-Min Lee, "Performance
Enhancement of Optimized Link State Routing Protocol by Parameter Configuration for
UANET". This paper examines the performance of various topology-based routing
protocols through simulations in different UANET environments. It specifically enhances
the OLSR protocol to create E-OLSR, which surpasses the standard defined in RFC 3626.
In terms of performance metrics such as throughput, delay, and data dropped, E-OLSR
outperforms four other protocols (AODV, OLSR, DSR, and GRP). Additionally, a
qualitative analysis of these routing protocols is provided, focusing on key factors like
mobility, traffic density, routing overhead, and data rate. This research will guide network
engineers in selecting the best routing protocol for diverse UANET implementation

scenarios.



Hello interval parameters define the frequency of hello messages, used for neighbor
discovery and maintenance. TC-interval parameters define the frequency of TC messages, used
for topology discovery. These periodic intervals impact network overhead and route
convergence.

Drones require more frequent updates due to rapid movement, so optimized OLSR
might use shorter, fixed intervals. The goal here was to handle high mobility and dynamic
topologies typical in drone networks. To improve mobile ad-hoc network (MANET)
performance, adjustments can be made to time intervals. The goal is to find the best balance
between minimizing overhead and maintaining route freshness, ensuring fast response times.

A need to compare the two environments exists. In this MANET study, OLSR hello
and TC intervals are minimized to one and two seconds, respectively, which increases the
number of packets.

On the other hand, for drones, the optimized OLSR might have lower hello intervals.
However, the parameter-tuning approach in drones might involve higher frequencies to cope
with mobility, leading to more hello packets than in MANETS, where intervals are adjusted
dynamically. "In the UANET study by (Tuli et al. 2023), waiting times (including neighbor,
topology, duplicate message, message 1D, and HNA message holding times) were reduced to
enable faster detection of lost nodes. Additionally, the willingness parameter was increased to
6 (high) from the default value of 3 to improve data transfer efficiency. However, the study did
not specify the hello and TC interval values.

e Trilok Kumar Saini, Subhash C. Sharma, "Flexible multipoint relay selection for suitable
route in mobile ad hoc networks". The paper proposed work that improves the MPR
selection mechanism in OLSR, leading to better algorithm performance. This enhancement
was achieved by incorporating specific fields into the packet structures and creating logic
to make decisions based on available information. Simulation results demonstrate
improved performance and applicability for mobile ad hoc networks. However, we also
identified limitations that may impact the project's scope, such as dependence on the
physical layer, insufficient information about selected nodes, and the possibility of
manipulating trust parameters. We consider these findings to be useful for future

developments.

The main difference between in this thesis and this paper is that in this paper, MPR

selection is improved by exploiting information contained in HELLO messages (e.g.,



neighbors, traffic, battery), and then disseminating the results via TC messages, while in
this thesis, the HELLO/TC message cycle is adaptively adjusted.

e Madhavi S. Avhankar, Dr. Janardan A. Pawar, Snehankita Majalekar, Suwarna S. Kedari.
"Mobile Ad Hoc Network Routing Protocols — Using OPNET Simulator”. This paper
examines three commonly used routing protocols in Mobile Ad Hoc Networks (MANETS)
and compares their performance through simulations in a 5 km x 5 km fixed-size network
with 25 to 100 mobile nodes, using OPNET Modeler 14.5. The findings indicate that as the
number of mobile nodes rises, OLSR outperforms AODV and GRP in both throughput and
delay. As a result, the paper concludes that OLSR offers better performance than AODV
and GRP in fixed-size MANETs with different numbers of mobile nodes. This research
could be useful for those studying these protocols in MANETS.

« Halim Berradi, Ahmed Habbani, Nada Mouchfig, and Mohammed Souidi, "Improvement
of OLSR Protocol Using the Hello Message Scheme Based on Neighbors' Mobility". This
paper examines how mobility affects routing protocols in Ad Hoc Networks and suggests
an enhancement to the OLSR protocol that takes into account the geographical locations of
neighboring nodes. Our objective is to extend the lifespan of routing paths for both data
traffic and control messages by reducing the impact of node mobility. We estimate the
remaining life of nodes based on their distance and send HELLO messages when nodes
move out of Wi-Fi range to refresh topology information. Simulations show that our
enhancement leads to fewer lost packets and reduced overall delays compared to the

traditional OLSR version.

1.8 Thesis organization
This thesis is presented in seven main chapters:

o Chapter 1 introduces MANET, presents related work, research questions, and the problem
statement for this study.

o Chapter 2 offers an overview of wireless networks, discussing their advantages and
disadvantages, classifications, and the concept of ad hoc networks. It also examines the
background, characteristics, configurations, and applications of mobile ad-hoc networks.

o Chapter 3 describes different types of routing and classifies MANET protocols into three
categories: reactive, proactive, and geographic routing.

e Chapter 4 describes the research methodology, offering a step-by-step guide for

conducting effective simulations in case studies.
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Chapter 5 presents performance metrics---data dropped, delay, and throughput---of the
AODV, GRP, and OLSR routing protocols. It offers a direct comparison of results between
these protocols and concludes with a summary of their performance.

Chapter 6 evaluates the proposed enhancement scheme's performance. Simulations
compared the enhanced OLSR's overall performance with the conventional OLSR.

Chapter 7 presents the conclusion and possible future work related to the research study.
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Chapter Two:
Mobile Ad-hoc Network (MANETYS)



2. 1 Introduction

A Mobile Ad hoc Network (MANET) is a type of Wireless Ad hoc Network (WANET)
that supports numerous applications across various fields[28]. This chapter provides a detailed
description of wireless networks, including their advantages, disadvantages, and further
explanations

This study evaluates the effectiveness of different routing protocols in Mobile Ad Hoc
Networks (MANETS). It concentrates on three types: topology-based (proactive OLSR and
reactive AODV) and position-based (GRP [11]). The topology-based protocols are further
classified as proactive, reactive, or hybrid[11]. The evaluation will focus on key metrics such
as delay, throughput, and data loss that occur in MANETS, aiming to assess the performance
of an enhanced OLSR compared to traditional OLSR, GRP, and AODV. The best-performing
protocol among these will be selected.

2.2 Introduction to MANET

Mobile Ad Hoc Networks (MANETS) are decentralized, autonomous wireless systems
composed of mobile nodes such as personal computers, mobile phones, personal digital
assistants (PDAs), MP3 players, and digital cameras. These nodes communicate via wireless
links, including radio waves and infrared. Characterized by their dynamic nature, MANETS
facilitate peer-to-peer communication without reliance on a fixed infrastructure or predefined
topology. While offering flexibility and adaptability, MANETs often present security
challenges. These infrastructure-less networks are self-configurable, self-organizing, and self-
managing, enabling nodes to move freely and arbitrarily within the network.[10][29][30].

These wireless nodes serve various roles: they can act as senders, receivers, or routers.
As senders, they transmit messages to other nodes in the network; as receivers, they accept
incoming messages. When functioning as routers, they forward packets to their destinations or
the next router, and they can also buffer packets for later transmission. These nodes can be
found in wvehicles, ships, airplanes, or carried by individuals using small electronic
devices[30][31].

Mobile ad hoc networks (MANETS) exhibit dynamism and adaptability, rendering
them valuable across diverse applications. Their rapid deployment capabilities and requirement
for only minimal configuration in exigent circumstances, including natural disasters, augment
their utility. [31].
Ad-hoc applications, valuable in military and civilian operations like rescue and firefighting,

13



face capability constraints due to mobility, node density, topology changes, radio propagation,
power consumption, network lifetime, computational power, and localization challenges[32].

Nodes in a network experience limitations in battery life, storage capacity, CPU power,
and bandwidth. To enhance the speed of data transmission, it is necessary to reduce power
consumption. In Mobile Ad Hoc Networks (MANETS), routing protocols define the rules for
identifying the best path to send packets between nodes. These protocols utilize algorithms to
discover routes and serve two main purposes: selecting the path from the source node to the
destination node and ensuring that messages arrive at their intended destinations. The second
purpose involves using the appropriate method to transmit data packets effectively[11], as

illustrated in Figure 2.1.
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Figure 2.1: Data Transmission in MANET][3].

2.3 Wireless Network

Researchers are working to improve network performance in wireless communication
and mobile devices. Their goal is to ensure that people can access information quickly, anytime,
and anywhere.

A wireless network refers to the transmission and reception of data between two or
more devices using wireless links, such as radio frequencies or infrared radiation, without
physical connections like wires or cables, as long as the devices are within transmission
range[31][10].

The following section discusses the advantages and disadvantages of wireless networks.

2.3.1 Advantages and Disadvantages of Wireless Networks

14



The following table show the advantages and disadvantages of wireless networks

Table 2.1: Advantages and Disadvantages of the Wireless Networks

Advantages

Disadvantages

.Mobility: Available everywhere on
laptops and field devices.

Signal Interference: It can also be affected by
obstacles like weather.

Economic: No wiring needed, so
installation is easy and cheap.

Security risks: Signals vulnerable to
compromise.

Easy to connect: Easy to install where
cabling is difficult.

Health Risks: Prolonged RF exposure may
harm health.

Quick Setup: Faster connections
without cables.

Bandwidth Reduced: More connections lead to
slower performance.

Durable: Resistant to weather and
wear.

Additional Costs: Installation may incur extra
equipment expenses.

Resilient: Less impacted by disasters
like floods or fires.

Challenging Setup: Non-tech users might face
setup difficulties.

Easy File Sharing: Wireless sharing
saves time.

Reduced Speeds: Expect slower file transfers
than wired connections.

Multiple Devices: Connect many users
at once.

Range Limitations: Signal strength weakens
with distance.

Social Media Access: Simple sharing
on social platforms.

Dependence on Radio Waves: Connectivity
relies on radio waves, affecting
performance.

Increased Productivity: Collaborate
anytime, anywhere.

Cable-Free: Simplified connections
without cables.

Basic Needs Met: Covers essential
internet needs, even if slower.

Wireless networks are mainly divided into two categories: infrastructure wireless networks and

infrastructure-less wireless networks (Ad-hoc)[31][10].

2.4 Classifications of Wireless Networks

Wireless networks can be classified in several ways, depending on factors such as the
coverage area, network architecture, or the method used to access the radio channel[36]. One
common classification divides wireless networks into two main categories based on their
system architecture[37]: the first is infrastructure-based wireless networks with an Access Point
(Cellular Networks), and the second is infrastructure-less wireless networks without an Access
Point (ad-hoc wireless networks).

Ad-hoc networks serve several purposes, including military reconnaissance, attacks,
civilian rescue operations, and firefighting. Initially, researchers categorized them into three
types: MANET, VANET, and FANET. However, they did not account for underwater ad-hoc
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networks (UWVANET), which are significant for both military and civilian applications. The
revised classification now recognizes four types: MANET, VANET, FANET, and
UWVANET, as shown in Figure 2.2[38].

i 3 MANET i 9 il

Figure 2.2: New Classification of Ad-hoc Network[38].
Figure 2.3 shows various wireless network types, including their basic categories and
common examples. This chapter will mainly discuss Mobile Ad Hoc Networks (MANETS),

which are the central topic of this thesis.
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Figure 2.3: Classification of Wireless Networks

2.4.1 infrastructure-based wireless networks (Cellular Networks)

In this network type, a node can only join via a communication infrastructure, such as
an Access Point (AP), Base Station Transceiver (BTS), wireless bridge, or wireless access
router, as shown in Figure 2.4 [36].

All base stations and access points connect to the main network using wired links—
such as fiber optic, twisted pair, or coaxial cables—or through wireless connections. A wireless
node can connect to any access point within its radio range. An Access Point (AP) serves as
the central coordinator for all devices within the network, facilitating connections and
managing communication between Basic Service Sets (BSSs) to establish necessary
communication routes. When a device wishes to send data to another device, it notifies the AP,
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which must be within the range of the sending station. If any node falls outside this range,
communication will fail[39].

The main disadvantages of this AP-based wireless service include high overhead from
maintaining and creating routing tables for all nodes, as the AP must keep its Basic Service Set
(BSS) ready for network communication[40].

Infrastructure-based wireless networks are commonly implemented in various settings,
including airports, offices, homes, and hospitals. In these locations, clients establish Internet
connectivity via access points, facilitating reliable and efficient communication [2].

Mobile Node
(cell phone)

Figure 2.4: Infrastructure Network (Cellular Network)[10].

2.4.2 Infrastructure-Less Networks (Without Access Point or Ad-hoc Networks)

Ad-hoc Networks operate without any fixed infrastructure (infrastructure-less) and any
central control[40].

The term "ad hoc" is derived from Latin and is defined as "for this," "for this purpose,"
or "for this (only)" [41][36].

An ad-hoc network consists of independent wireless devices that communicate via a
wireless medium, such as radio waves or infrared, without depending on infrastructure like
routers or access points. In this configuration, devices connect directly and serve as routers,
forwarding data to other devices. Devices can freely join or leave the network, known as "peer-
to-peer” mode[38][32] (shown in Figure 2.5).
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Figure 2.5: Infrastructure-less Network (Ad-Hoc Networks)[36].

2.5 The primary characteristics of an ad hoc network are as follows:

1 Mobility: This characteristic pertains to the movement of individual nodes or groups along
either random or predetermined paths. Such mobility significantly influences routing and
the performance of the network, as it necessitates continuous updates regarding the

locations of the nodes when they shift positions.

2 Multi-hopping: This feature enables data to traverse through multiple nodes prior to
arriving at its intended destination. It necessitates careful consideration of potential
obstacles, spectrum reuse, and strategies for energy preservation to ensure optimal network

operation.

3 Self-organizing: Ad hoc networks possess the inherent ability to autonomously establish
their configuration settings and organizational structure, thus facilitating efficient

deployment and adaptability in dynamic environments.
4 Energy Conservation: Given that mobile devices typically operate on limited battery

supplies, it is critical to prioritize energy-efficient protocols in order to extend the

operational lifespan of these devices.
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5 Scalability: An increase in the number of nodes within an ad hoc network can complicate
the management of routing and configuration, potentially adversely affecting the overall
performance and reliability of the network[42].

2.6 Classifications of an ad hoc network

This ad hoc network is simple to set up and offers flexibility since devices are not
required to remain connected. Ad hoc networks can be classified into two primary categories:
Static Ad Hoc Networks (SANET) and Mobile Ad Hoc Networks (MANET).

2.6.1 Static Ad hoc Networks (SANET)
The wireless network consists of stationary nodes that either have low mobility or

cannot move, enabling hosts to communicate through established connections[43].

2.6.2 Mobile Ad hoc Networks (MANET)

MANETSs are wireless networks that operate without infrastructure or centralized
control, functioning as autonomous systems that usually have a routable networking
environment on top of a link-layer ad hoc network. They consist of a collection of mobile
devices, such as smartwatches, laptops, cell phones, MP3 players, digital cameras, Personal
Digital Assistants (PDAS), or any device with wireless capability, whether mobile or stationary,
that can be a node in a MANET. For instance, an airplane or a ship equipped with a wireless
radio can serve as a node in the network, just like a stationary personal computer, which has
both a transmitter and a receiver with smart antennas. These nodes are interconnected through
wireless links, enabling a self-configurable network topology where each node can move
freely, resulting in dynamic connections [36][3][44][45].

Nodes communicate directly with each other in a peer-to-peer manner due to the lack
of fixed infrastructure[36].

In a Mobile Ad hoc Network (MANET), there is no need for pre-existing infrastructure
or central administration; each node is self-managed and self-configured. All nodes in the
network function as either routers (servers) or as clients for other devices. When a node acts as
a router, it serves as both a transmitter and a receiver for communication. If the destination is
within the source's transmission range, the nodes can communicate directly without the need
for athird party. This is known as "single-hop communication.” If the destination is not directly
reachable, communication relies on the nearest neighbor, which is called "multi-hop
communication"[43][44][45].
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When a node acts as the source, it requires other devices, also acting as nodes, to send
the data. Each node can also be the destination. Overall, nodes operate in a developed,
distributed manner, forming a mobile mesh network[44][45].

The network's topology changes constantly as mobile nodes join and leave. This
frequent joining and leaving of mobile nodes in the network consumes a significant amount of
energy|[46].

The major challenges in ad hoc networks are routing and the characteristics of wireless
communication, particularly due to increased interference and the possibility of asymmetric
connections during data transmission. In these networks, effective communication relies on
choosing a suitable routing algorithm, as the network continuously expands, contracts, and
changes, complicating node communication. Therefore, having a robust and efficient routing
protocol is crucial[36][47][48].

Ad hoc routing protocols are designed to handle the changing conditions of Mobile Ad
Hoc Networks (MANETS). The success of these protocols depends on how much battery power
the nodes use and how well they manage network traffic. It's important how fast the protocol
can adjust when a connection is disrupted[47]. Some examples of ad hoc routing protocols are
AODV, OLSR, and GRP. A more in-depth discussion of OLSR, AODV, and GRP can be found
in Chapter 3 of this thesis.

Mobile Ad hoc Networks (MANETS) are specialized wireless networks that function
autonomously without the need for dedicated infrastructure or centralized control. These
networks are characterized by their ability to provide a routable networking environment
supported by a link-layer ad hoc network. MANETS encompass a diverse range of mobile
devices, including smartwatches, laptops, smartphones, MP3 players, digital cameras, and
Personal Digital Assistants (PDASs), as well as any device equipped with wireless capabilities,
irrespective of whether it is mobile or stationary. Notably, an aircraft or a maritime vessel
outfitted with a wireless radio can serve as a node within the network, similar to a stationary
personal computer that possesses both transmission and reception capabilities, such as smart
antennas. The nodes within the network are interconnected via wireless links, facilitating a self-
configuring network topology characterized by the mobility of each node, which leads to

dynamic connections among the devices[36][3][44][45].

In a MANET, nodes engage in direct communication in a peer-to-peer fashion due to

the absence of fixed infrastructure[36].
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Each node is self-managed and self-configured, eliminating the need for pre-existing
infrastructure or centralized administration. All nodes within the network may function as
either routers (servers) or clients for other devices. When a node operates as a router, it plays
the dual role of both transmitter and receiver for communications. If the destination node lies
within the transmission range of the source node, direct communication occurs without the
intervention of a third party, commonly referred to as "single-hop communication.”
Conversely, if the destination is beyond direct reach, communication must occur through the
nearest neighbor node, known as "multi-hop communication"[43][44][45].

When a node acts as a source, it relies on other nodes to facilitate data transmission;
each node is also capable of serving as a destination. As such, the nodes operate within a
sophisticated, distributed framework, establishing a mobile mesh network. The topology of the
network is in perpetual flux as mobile nodes enter and exit, which can lead to substantial energy
consumption[44][45][46].

Significant challenges inherent to ad hoc networks include routing complexities and the
unique characteristics of wireless communications, particularly heightened interference and the
potential for asymmetric connections during data transmission. Effective communication
within these networks is contingent upon the selection of appropriate routing algorithms, as the
network's dynamic nature compels continual expansion and contraction, thereby complicating
inter-node communication. Consequently, the development of robust and efficient routing

protocols is imperativee[36][47][48].

Ad hoc routing protocols are specifically designed to accommodate the evolving
conditions inherent in MANETS. The success of these protocols is influenced by factors such
as battery power management and network traffic regulation, as well as their responsiveness to
disruptions in connectivity[47]. Examples of prominent ad hoc routing protocols include
AODV, OLSR, and GRP. A more comprehensive examination of OLSR, AODV, and GRP is
presented in Chapter 3 of this thesis.
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2.7 Advantages and Disadvantages of MANET
The following table show the advantages and disadvantages of MANET.
Table 2.2: Advantages and Disadvantages of the MANET

Advantages Disadvantages

MANET connects with future 4G for tasks | Dynamic network structure obscures
and communication malicious node detection[49][50].
anywhere[31][49][50].

Installation is easy and requires little user High latency delays inactive node data[50].
input[50][31]..

Ad hoc networks access the Internet for Limited node resources (processing,
multiple devices[31].. bandwidth, storage) impair

performance[49][51].

Ideal when fixed infrastructure is too costly | . Ad-hoc networks are more vulnerable to
or unreliable[31]. attacks[50][51].

The capacity, range, and energy aspects Wireless interference increases errors[51].

support the integration of these
technologies with existing cellular
infrastructures, enhancing coverage and

connectivity[31]..
Each node acts as both a router and a host, . Energy efficiency algorithms extend
independent of central network operation[51].

management, increasing system
resilience[50][3]..

Reliability has improved through various Mobile nodes complicate dynamic routing;
methods[50]. multicast needs multi-hop[52].

Base station planning and installation Fluctuating communication quality hinders
require less detail[31].. QoS management in dynamic

environments[52].

2.8 CHARACTERISTICS OF MANET
There are several characteristics of MANETS, some of which are explained below:

1. Dynamic Topologies: In Mobile Ad hoc Networks (MANET), nodes move freely and at
different speeds, causing quick and unpredictable changes in the network. The links
between nodes can be two-way (Symmetric) or one-way (asymmetric). This results in a
high number of users and a lot of movement among them [3][10].

2. Limited Bandwidth: The bandwidth for wireless networks is significantly lower than
wired networks due to factors such as multiple access, noise, congestion, signal
interference, frequent changes in the links, and multipath fading[53].

3. Infrastructure-less Nature (Peer-to-Peer Nature): Since the nodes can move freely,
the communication between nodes is peer-to-peer. There is no predefined base station or
organization, and all devices have an equal role in the network. This means that each node
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10.

11.

can act as a host and a router, demonstrating autonomous behavior, and the connectivity
between nodes is intermittent. Therefore, the protocols designed for these nodes need to
be robust enough to handle distributed topologies[10][53].

Multi-Hop Routing: MANETS enable multi-hop routing when the source and destination
nodes are too far apart to communicate directly. Since the transmission radius is limited,
messages pass through several nodes, with each node acting as a router to forward the
packets[10][51].

Constrained Resources (Light-weight Terminals): In most cases, the nodes used in
MANET devices are small handheld devices with limited CPU capability, low-power
storage (battery-operated), and small memory size[10][51].

Limited Device Security: MANET devices are small, portable, and can operate
anywhere, which raises the chances of them being lost, damaged, or stolen[10].

Limited Physical Security: Due to their wireless nature, MANETS are vulnerable to
attacks like eavesdropping, jamming, spoofing, and Denial of Service (DoS) attacks.
Although their decentralized design eliminates single points of failure, they are less secure
than traditional networks. With nodes managing all tasks, security becomes complex,
necessitating attention to eavesdropping and DoS threats. The lack of a centralized
firewall further restricts routing and host security[10][49].

Short-range Connectivity: MANET employs radio frequency (RF) or infrared (IR)
technology for short-range communication. It utilizes multi-hop routing to connect distant
nodes and can be quickly deployed for temporary network connectivity without a fixed
infrastructure[10].

Distributed Nature of Operation: MANET operates in a distributed manner mainly for
two reasons: the diversity of the participating nodes and the lack of a central authority.
This situation requires that network management tasks be shared among the different
nodes[54].

Easy and Rapid Deployment: MANET provides advantages over wireless networks,
including rapid deployment and reduced dependence on fixed infrastructure, allowing for
quick network formation without base stations or system administrators[27].
Heterogeneity in Node and Link Capabilities: Network nodes may have multiple radio
interfaces with varying capabilities across frequency bands, creating asymmetric links.
Furthermore, differences in software and hardware can lead to varied processing abilities,

complicating the design of adaptable protocols and algorithms[10].
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12. Fluctuating Link Capacity: High bit-error rates in MANETS can be significant. Multiple
sessions sharing a path experience noise, fading, and interference, and typically have less
bandwidth than wired networks, due to the variety of wireless links involved in

communication[10].

2.9 Manet’s Applications

MANET's features—self-configuration, low deployment costs, flexibility, and
infrastructure independence—are increasingly important as their applications grow in the
commercial, military, and private sectors. They are particularly suited for environments with
limited or no communication infrastructure, or where existing systems are too expensive or
inadequate, such as for communications among autonomous vehicles, aircraft, and ground
troops in battlefield scenarios where fixed infrastructure is lacking. MANETS are used in

various applications, including [10][52][55]:

2.9.1 Military Applications:
In military establishments, information sharing is very confidential and must be encrypted.
Ad hoc networks allow the use of standard networking technology to securely maintain
encrypted communication between soldiers, vehicles, and military headquarters. The

fundamental principles of ad hoc networks originate from this field[56][57].

2.9.2 Network For Emergency Services:

MANET is extremely useful for establishing communication during emergencies such as
fires, floods, or earthquakes. In these circumstances, existing infrastructure may be damaged
or non-operational. MANETS are particularly valuable because they do not require any fixed
infrastructure to facilitate communication between affected individuals and rescue
teams[57][58].

2.9.3 Education System:

The education system can greatly benefit from MANET, making learning more advanced,
updated, and engaging. MANETS facilitate various educational environments, such as virtual
conference rooms, online admissions, virtual classrooms, and e-learning, ensuring that
students unable to attend school or university for any reason still have access to education.
Additionally, online meetings, lectures, and e-student support services can be organized to

share information and assist students with any questions they may have[57][59].

2.9.4 Civilian and Household Networking:
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MANETS, including Personal Area Networks (PAN) and Bluetooth, facilitate information
sharing in homes and offices, enabling easy setup of e-conferences and virtual meeting rooms.
They support data exchange between portable devices like smartphones, cameras, printers,
TVs, tablets, and laptops, and can also aid civil projects in remote areas[57][40].

2.9.5 Commercial and Business Applications:
MANETS enable e-payments anytime and anywhere, facilitating time-saving e-trading at
trade fairs[57].

2.9.6 Sensor Network:

Every day, electronic devices have smart sensors and actuators that make our tasks easier.
MANET enhances this system by enabling the monitoring of environmental factors such as
temperature, chemical detection, and wildfire alerts. The technology tracks animal
movements and aids in healthcare by utilizing wearable sensors in Body Sensor Networks to
diagnose health problems. Additionally, these sensors can detect biochemical changes,
chemical leaks, and instances of theft in shopping malls. RFID applications are useful for
inventory tracking and toll collection; however, the battery life of sensors often limits their
longevity [57][58][60].

2.10 Manet Architecture

The architecture of MANET is illustrated in the diagram (Figure 2.6). It is divided into four
main layers: Middleware & Application, Networking, Enabling Technologies, and Cross-
Layer.

2.10.1. Middleware & Application:

Wireless technologies like WiFi, Bluetooth, IEEE 802.11, WiMAX, and Hyper LAN
have boosted the use of ad hoc technology and applications in fields like emergency services,
disaster recovery, and environmental monitoring. MANET's flexibility makes it valuable for
practical situations such as home networking, sensor networks, and more. New mobile ad hoc
frameworks eliminate the need for middleware by requiring each application to handle its
services[61][62].
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2.10.2. Networking:

The networking protocols need to be redesigned for a self-configuring, dynamic, and

unstable peer-to-peer communication environment. The aim is to develop reliable end-to-end

services from a sender to a receiver using one-hop transmission services. A location service is

required to dynamically map the address of the receiver device to its current location in the

network[61].

2.10.3. Enabling Technologies:

Include antennas, medium access control, power control, and others, categorized by

coverage area[62].

o Body Area Network (BAN): Connects wearable computing devices within a range of 1 to

2 meters[61].

e PAN (Personal Area Network): This network connects mobile services around an

individual within a range of up to 10 meters[62].
e WLAN (Wireless Local Area Network): Has a communication range of 100 to 500

meters, enabling connection within a single building or across multiple buildings[61].

2.10.4. Cross Layers:

The MANET architecture has several layers that manage the system. It focuses on using

energy efficiently and providing better service quality.
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Figure 2.6: Architecture of MANET([61]
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2.11 Types of MANET

2.11.1. Vehicular Ad Hoc Network (VANET)

It is a type of mobile network that allows communication between nearby vehicles (and
roadside equipment). Its main purpose is to improve safety and comfort for travelers by
equipping each vehicle with a special electronic device that creates a network for passengers.
This network functions independently of traditional infrastructure or client-server systems.
Each vehicle with VANET technology acts as a node, capable of receiving and sending
messages wirelessly. Key features include collision warnings, road sign alerts, and real-time
traffic updates, providing drivers with important information for their journeys. Additionally,
passengers can enjoy multimedia content and internet access within the vehicle's wireless
range. VANET also supports automatic payments for parking and tolls, among other
usages[34][63].

2.11.2. Intelligent Vehicle Ad-hoc Networks (INVANET)

Uses artificial intelligence to improve communication between vehicles (V2V) and
between vehicles and roadside infrastructure (V2R). Its primary goal is to address roadside
emergencies, like vehicle accidents. When a vehicle equipped with an INVANET device is in
an accident, it automatically sends out an alarm[34]

2.11.3. Internet-Based Mobile Ad hoc Networks (iMANET)

Combines traditional wired networks, like the Internet, with Mobile Ad Hoc Networks
(MANET) to provide users with ongoing access to Internet services and information. The
increasing demand for internet connectivity has driven the creation of iIMANET, which
employs Internet protocols such as TCP/UDP and IP. It uses a network-layer routing protocol

to automatically connect mobile nodes and establish routes [34][61].

2.11.4. Flying Ad Hoc Network (FANET)
It is composed of unmanned aerial vehicles (drones), providing mobility and
connectivity to remote areas[29].
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2.11.5. Smartphone Ad hoc Network (SPANC)
It enables the formation of a peer-to-peer network independent of cellular carriers,
wireless access points, or traditional infrastructure, allowing peers to join or leave without

disrupting the network[29].
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Chapter Three:
Routing Protocols in MANET



3.1 Introduction

Routing is the process of transferring information from a source to a destination within
an internetwork, typically passing through one or more intermediary nodes. [12]

The routing process consists of two primary activities. The first is identifying optimal
routing paths by selecting the shortest route that minimizes both the number of intermediate
nodes and transmission time. The second activity involves transmitting data in packets by
establishing connections and communication among mobile ad hoc network (MANET) nodes.
This process depends on specific communication rules between nodes, known as protocols.

Protocols are defined as rules that facilitate communication between devices, including
mobile nodes, computers, and other electronic devices. In mobile ad hoc networks, routing
protocols enable mobile nodes to establish connections and exchange data packets. Routing in
these networks primarily relies on routing tables to manage data paths[5].

Routing protocols employ metrics such as hop count to determine the most efficient
path for packet delivery. Routing algorithms generate and update routing tables that contain
comprehensive route information for data packets[12].

The type of routing information maintained depends on the specific algorithm
implemented. Routing tables record the direction of data packets, and route selection may vary
for different packets. Typical routing table entries include the destination IP address and the
next hop toward the target node [12].

During the routing process, data packets are transmitted using different methods. The
first method is unicast, where the source sends data packets directly to one specific destination.
The second method is multicast, in which the source sends data packets to a select group of
multiple nodes within the network. The third method is broadcast, where the source sends
messages to all nodes, both nearby and far away, in the network. An example of broadcasting

is flooding, which is commonly used[5].

3.2 Routing protocols processes
Routing operations in Mobile Ad Hoc Networks (MANETS) occur in three stages, as

illustrated in Figure 3.1.

Routing protocols work in three steps: first, they discover routes; second, they forward

data; and third, they maintain the routes.
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1. The routing process begins with the route exploration stage, when a node needs to
establish a connection with another node and begins searching for a route.

2. Communication begins when a path to the target is found, and here, the forwarding
data stage begins. If a link is interrupted during data transmission due to node movement or
power failure, an alternative path must be provided to ensure continuous communication.

3. The route maintenance phase deals with Communication outages. At this stage, when
the node detects a path interruption, it tries to search for an alternative path in the local cache.

If an alternative route cannot be found in memory, the node starts the route exploration phase

again to find a new route to the same destination

Route Maintenance (RM)

Broken Routes Broken Routes

Reported Detected

Route Discovery Data forwarding

(RD) Routes Established (DF)

Figure 3.1: Stages of the routing process in networks[64].

3.3 Objectives Routing Protocols.

All routing protocols should aim to enable communication between routers in various
locations, ensure correct and efficient routing decisions, share information with nearby
routers, construct error-free routing tables, and discover existing routes [65].

3.4 Routing algorithms classification

Routing is mainly classified into two main types, as follows
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3.4.1 Static routing

Administrators manually configure this routing type to direct data packets to specific
destinations permanently[43]. Once these routes are established, no administrator can change
them[31]. A network administrator typically creates a static routing table [34], eliminating the
need for the router to generate its routing tables[43]. This routing table operates independently
of the network'’s current status, so it doesn't depend on whether the destination is active[34].

Static routing is typically used for small networks. Network administrators have better
control and understanding because they set up the paths themselves. This allows them to choose
the most reliable routes for specific types of traffic. Static routing is easy to set up and requires
less processing power and memory, which is a significant advantage. However, a major
drawback is that when the network topology changes, manually reconfiguring the routes can
become very challenging[65].

3.4.2 Dynamic Routing

Dynamic routes are chosen by routing protocols. This process is automated by the
router, which directs traffic based on the routing table[65][31].

Dynamic routing has several advantages, including flexibility and the ability to reduce
traffic overload. It allows for different paths to be used when forwarding data packets from the
source to their destinations[43]. When a router is added or removed from the network, it
communicates its status by flooding the network with information packets. This ensures that
all routers become aware of the changes. This process is similar to how network segments
operate in dynamic routing[34].

Although dynamic routing protocols provide numerous advantages, they also present
some challenges. In dynamic routing, routing tables are created based on routing protocols and
their path calculation algorithms. A notable disadvantage is that dynamic routing protocols
typically demand greater processing power and memory resources. Additionally, each dynamic
routing protocol employs different methods and techniques to determine the best path[65].

Dynamic routes are divided into two main types: interior gateway routing
protocols(IGP), which help select routes within a single autonomous system, and exterior
gateway routing protocols(EGP), which handle routing between different autonomous

systems[65]. Routing protocols can be classified as shown in Figure 3.2.
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Figure 3.2: Classification of Routing Protocols[65]

3. 5 Classification of Traditional Dynamic Routing Protocols

Dynamic routing protocols are classified based on the information exchanged among

routers and how they utilize this data to create their routing tables[34]. Protocols such as

distance vector, link state, and source routing are commonly used in networks . Most of the

available protocols can be classified into one of these categories.

3.5.1 Distance Vector Protocols

Distance Vector protocols, as the name suggests, focus on two primary parameters to
determine the best route: Distance and Vector. "Direction" indicates the address of the next hop
and the exit interface. In contrast, "Distance" refers to metrics such as the number of hops. A
major example of Distance Vector Routing Protocols is the Routing Information Protocol
(RIP). Both RIP Version 1 and RIP Version 2 utilize the Bellman-Ford algorithm to calculate
the paths[65][66].

The Routing Information Protocol (RIP) uses "hop-count™ as its metric, meaning lower
numbers are preferred for routing decisions. RIP is mainly designed for smaller networks and
has a maximum hop limit of 15 [65].

In a distance vector routing algorithm, each node maintains a routing table that contains
the destination IP address, the distance to that destination, and the next node along the path.
The router periodically broadcasts this information to its neighboring nodes and updates its
routing table based on the information it receives. This process ensures that the routing tables
are always current, allowing the router to select the shortest route to the destination. Both table-
driven and on-demand protocols can use distance vector routing[50]. Unlike source routing,

routers that use the distance vector protocol do not know the complete path to a destination[66].

33



A problem with the distance vector routing protocol is that it does not have complete
knowledge of the full network's structure[65]. One example of a distance vector routing

protocol is AODV, which is one of the protocols used in this message.

3.5.1.1 Advantages and Disadvantages of Distance Vector routing protocols.

The following table shows the advantages and disadvantages of the distance vector routing
protocol.

Table 3.1: Advantages and Disadvantages of the Distance Vector routing protocols

Advantages Disadvantages
Simple algorithms, which work well in
smaller networks.

Probability of occurrence of routing loops.

Periodic updates can slow down the
conjunction.

Use less memory and processing power Limit on the number of hops in DVR
compared to Link-State Routing (LSR). protocols.

The Bellman-Ford algorithm has fewer
metrics than Link-State protocols [65].

Easy to implement.

3.5.2 Link-State Protocols

Link-state routing is based on the idea that each node creates a graph representing the
entire network's connectivity, illustrating how the nodes are connected. Each node
independently determines the best path to every possible destination, generating its routing
table. This method differs from distance-vector routing protocols, in which nodes share their
routing tables with their neighboring nodes[66].

The link-state routing algorithm, often called the Shortest Path First (SPF) algorithm,
is based on Dijkstra's technique and can be utilized by both table-driven and on-demand routing
protocols[55].

In a link-state protocol, nodes share connectivity information through continuous
HELLO messages, communicating details about their neighbors instead of full routing tables.
This method reduces broadcast overhead and ensures reliable communication[55][66].

Each node must first identify its connected ports. Then, periodically and in response to
any link changes, nodes exchange HELLO messages and send link-state advertisements
(LSAS) to identify themselves and their connected nodes, including a sequence number[66].

To create a connectivity map, nodes exchange Link-State Advertisement (LSA)

information that details neighboring devices. Any changes in links are communicated through
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a process called flooding. Each node maintains a consistent database, known as a topology
table, which tracks the link costs throughout the network. This data is used to construct a
routing table that includes link costs, paths, and neighboring nodes. Dijkstra's algorithm is
applied to determine the optimal path and cost for each link. Although link-state protocols are
more resilient, they are also more complex compared to distance vector (DV) protocols
[65][66].

Two link-state routing protocols are the OSPF routing protocol, an example of a wired
network, and the OLSR (Optimized Link State Routing) routing protocol, an example of a
Mobile Ad hoc Network[55].

3.5.2.1 Advantages and Disadvantages of Link-State Routing Protocol

The following table shows the advantages and disadvantages of the Link-State routing
protocol.

Table 3.2: Advantages and Disadvantages of the Link-State Routing Protocol

Advantages Disadvantages
Each router shares the same database. Requires a lot of memory.
Supports a hierarchical structure. Difficult to set up and understand.

Maintains multiple paths for destinations in the
topology table.

Ensures efficient, rapid connection without
loops.

Uses advanced algorithms.

Needs more processing power.

Often fails to adjust to link changes
quickly [65].

Utilizes more precise metrics [65].

Other Dynamic routing can be classified as:-

3.5.3 Source routing

Source routing is a technique. Each data packet contains information about the entire
path to be followed in the network, and puts this routing information in the packet's header.
Based on this information, the sending node determines the best route to the destination. The
intermediate nodes only pass the packet along without needing to store any routing details.
Many routing algorithms use the broadcasting mechanism to distribute control information,
i.e., send it from the source node to all network nodes. The source node sends its routing table
information to all neighboring nodes, which in turn send this information to their neighboring

nodes, thus reaching all network nodes. This technique simplifies troubleshooting, enhances
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trace-route functions, and allows the sender to explore all possible routes to a host.
Additionally, it gives the sender control over network performance by enabling the selection
of specific routes to avoid congestion in other areas. However, a disadvantage is that the packet
size increases, as each packet must carry the complete path information [66][67][68].

3.6 Routing in Mobile Ad-hoc Networks

Routing protocols define the rules for transferring packets between nodes in a Mobile
Ad Hoc Network (MANET). They outline the primary parameters that guide this
communication[15]. Ad-hoc nodes in wireless networks serve two main functions: they act as
routers to direct data packets to various nodes in the network, and also serve as hosts
themselves. This dual role presents several challenges in ad-hoc wireless networks, which lack
a fixed infrastructure. These challenges include dynamic changes in network topology, limited
bandwidth, restricted battery power at each node, frequent link failures, interference, and
limited resources. As a result of these challenges, traditional routing protocols are typically
unsuitable for Mobile Ad-hoc networks for several key reasons.

o Distance vector and link-state routing protocols are designed for use within static
network environments, rather than in dynamic or changing situations.

« Traditional routing protocols use control packets that are sent at regular intervals. This
approach can be costly in mobile wireless networks because it uses bandwidth, drains
battery power, and puts a strain on the processors of wireless nodes.

Routing discovery and maintenance are crucial challenges in these networks. In this
section, we will focus on the most significant issues affecting the development of routing
protocols for MANET [34][11].

3.6.1 Problems with routing in Mobile Ad-hoc Networks

1. Asymmetric links: Traditional wired networks typically have symmetric links, which
provide a stable and fixed connection. On the other hand, ad-hoc networks consist of mobile
nodes that often change their positions. For example, in a Mobile Ad-hoc Network (MANET),
if node B sends a signal to node A, it doesn’t give any information about the quality of the
return connection from node A to node B[69].

2. Routing Overhead: In wireless ad-hoc networks, nodes often change locations. This causes
outdated routes in the routing table, resulting in unnecessary routing work[34].

3. Dynamic Topology: A major challenge of ad-hoc routing is that the network structure is

often unstable. Mobile nodes can move, and the characteristics of the communication medium
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may change. As a result, routing tables in ad-hoc networks need to adapt to these changes in
topology, requiring flexible routing algorithms. In contrast, in a fixed network, routing tables
are updated every 30 seconds. However, this update frequency may be too low for the rapidly
changing conditions in ad-hoc networks [68].

4. Interference: Interference is a significant issue in mobile ad-hoc networks. This occurs
because the connections between nodes can be unstable and change continually due to
transmission conditions. One transmission may interfere with another, and a node can overhear

signals from other nodes, which could result in errors in overall communication [34][68].

3.7 Characteristics of an Ideal Routing Protocol for MANETS

A routing protocol must have the following fundamental characteristics:

1- Every device can self-start and self-organize[47].

2- It must be completely distributed[70].

3- Capable of adjusting to quick changes in network structure by proposing new
routes[70][71].

4- Transmission must be dependable to minimize message loss[70].

5- The devices should be quickly converged once the network structure is stable[47][70].

6- Make the best use of bandwidth, computing power, memory, and battery life[70].

7- Presents a specific level of Quality of Service (QoS)[70].

8- It should be a loop-free, multi-hop environment among the devices, have minimal
control overhead, be aware of Quality of Service (QoS), be energy-aware, be location-

aware, and be security-aware[47][70][71].

©
I

It can also handle larger networks[47].

At present, there is no routing protocol for mobile wireless networks (MANETS) that
incorporates all the desired features. This lack of development is due to the protocols for
MANETS still being underdeveloped.
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3.8 Main design criteria for routing protocols in MANETS

=

The primary design criteria are:

2. Scalability and reliability.

3. Dynamic topology support.

4. Route maintenance and updates.

5. Distributed processing with lightweight computations.

6. Simplicity and ease of implementation.

~

Fault tolerance[70].

3.9 CLASSIFICATION OF MANETs ROUTING PROTOCOLS

Routing protocols in Mobile Ad Hoc Networks (MANETS) can be classified in various
ways. The most common classifications are based on the routing strategy and the network
structure[34]. This is illustrated in Figure 3.3.

MANMNET Routing Protocols

| fGeneral Classification) |

Routing Strategy Network Structure

Figure 3.3: 1:MANETS routing protocols (Main Classification)[70].
Routing protocols can be classified based on their routing strategy into two categories:
table-driven and source-initiated (which includes demand-driven, source-driven, or on-

demand), as illustrated in Figure 3.4.

MANET Routing
Protocols
Routine Strateov)
k r

Table Driven Source Initiated

Figure 3.4: MANETS routing classification based on (routing strategy)[70]
Depending on the network structure, there are three types of routing: Uniform (flat)
routing, hierarchical routing, and geographic (location-based) routing [34][70]. Flat routing
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covers both routing protocols based on the routing strategy (both the table-driven and the
source-driven routing protocols) [34], as shown in Figure 3.5.

In this section, we will discuss routing protocols based on network structure. This
subject is important because it has attracted significant interest from researchers and the
industry[70].

In this thesis, 1 will focus on two main categories of routing protocols for MANET:
Topology-based (proactive and reactive) protocols and Position-based (geographical)
protocols. This is because the three protocols used for research fall under them, which are
AODV (Ad Hoc On-Demand Distance Vector Protocol), which is reactive (On-demand);
OLSR (Optimized Link State Routing), which is proactive (Table-driven); both AODV and
OLSR are Topology-based protocols, and GRP (Geographic Routing Protocol), which is a
Position-based Routing Protocol, to evaluate the performance of Enhanced OLSR (E-OLSR)
with traditional OLSR, GRP, and AODV.

—[ MANET Routing Protocols }
Uniform
routing

Hierarchical Geographic
routing routing

Topology
based

Destination
Oriented

’_l

| Reactive | [ Proactive | [ Reactive | | Proactive |

OLSR
DSR OSR AODV DSDV ZRP GRT
_ GPSR
TORA
FSR LAR

Figure 3.5: MANETS routing classification based on the (Network Structure)[71].

3.9.1 Flat Routing (Uniform) or (Topology Based)

These protocols need topology information from all communicating nodes to establish
and maintain the optimal data transmission route. Topology-based routing protocols require
comprehensive topology information to determine packet forwarding and routing paths[72].

Topology-based routing protocols typically perform worse than geographical (position-
based) routing protocols, which utilize additional information to ascertain node locations.
Routing protocols often rely on knowledge of node topology when making decisions. They can
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be categorized into three types: proactive (table-driven), reactive (on-demand), and hybrid

routing protocols[11][70].

3.9.1.1 1Proactive or (Table Driven)

The network is constantly checked to find all possible routes between nodes. This
enables the discovery of new routes while ensuring that the current routes remain valid[70].
Proactive routing primarily relies on link-state (LS) protocols[73]. These protocols use routing
tables to maintain and regularly update routing information in response to changes in the
network structure. Control messages are continuously exchanged throughout this
process[42][69]. This protocol is designed to be proactive, meaning that each mobile node
maintains an up-to-date routing table for all other nodes in the network. This approach reduces
delays in determining routes. To maintain accurate tables, nodes must frequently share routing
information, even if they are not actively using those routes[72]. And they are periodically
updated whenever there is a change in the network structure [42]. Control messages are sent at
regular intervals, even when no data is transmitted. This redundancy makes proactive routing

protocols inefficient as they unnecessarily consume bandwidth[31].

The proactive routing algorithm consists of three steps: neighbor/link sensing, multipoint
relaying, and link-state messaging and route calculation[47].

The main advantage of these routing protocols is that nodes receive route information
instantly, enabling them to initiate a session immediately[47].

The main disadvantages are that the nodes store excessive data for managing routes and
that it takes considerable time to reorganize when a link fails[46]. Furthermore, routing
protocols use different numbers of tables. Proactive protocols aren't ideal for large networks
because they require each node to keep track of every other node in its routing table. This
increases routing table overhead and consumes more bandwidth[34].

We will discuss OLSR and GRP in our thesis report as examples of proactive routing

protocols.

3.9.1.1.1 Optimized Link State Routing (OLSR) protocol

The OLSR protocol is an enhanced link-state algorithm commonly used in Mobile Ad
Hoc Networks (MANETS), Vehicular Ad hoc Networks (VANETS), and Underwater Ad hoc
Networks (UANETS). Clausen and Jacquet (2003) optimized link-state routing for large, dense
networks by using selected nodes known as multipoint relays (MPRs)[24].

40



The Optimized Link State Protocol (OLSR) is a proactive routing protocol, meaning
routes are always readily available when required[74]. It is also called a table-driven protocol
because it consistently maintains and updates its routing table[31].

Each node (or device) in the network keeps a routing table that shows how to reach
every other node[10]. This table provides quick access to routing information whenever it's
needed. The OLSR protocol uses a step-by-step (hop-by-hop) routing method, where each node
uses its information to send packets. This method works well for networks with random and
uneven traffic[55][76].

OLSR works well in large and crowded mobile networks because it uses MPRs to
optimize performance: the bigger and denser the network, the better the optimization compared
to the standard link-state algorithm[76]. OLSR is an improved version of the standard link-
state protocol[72].

OLSR is an optimized link-state protocol that employs Multipoint Relays (MPRS) to
minimize retransmissions within a region, thereby reducing overhead and saving battery life.
Figure 3.6 compares MPR flooding with traditional full flooding. In full flooding, all nodes
retransmit control messages, causing duplicates. MPR flooding limits retransmission to MPR
nodes, reducing overhead. Each node selects neighbor MPRs for efficient packet

retransmission. MPR nodes keep a selector set of nodes that select them[42].
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Figure 3.6: Route construction using MPR in the OLSR protocol[76].

The selected set of MPRs ensures coverage of all nodes within two hops. This
configuration ensures that all nodes within this radius (neighbors of neighbors) have symmetric
links with the MPR nodes, actually connecting them to every node within two hops.
Information about the MPR is updated whenever changes are detected in nodes one or two hops
away. This set should also be the smallest group needed to send out the fewest packets. MPR

(Multipoint Relay) refers to a neighboring node that a node chooses to forward packets to.
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When there are changes in the network topology, every node must select a group of its
neighboring nodes to retransmit its packets. This group is known as the MPRs of that node.
Nodes that are not included in the MPR set will only read and process the packets but will not
retransmit them[72][[76]. Because only the node chosen as the Multi-Point Relay (MPR) sends
out control messages. This MPR node creates link state information only with itself and the
nodes it selects as MPRs. In the OLSR protocol, choosing the MPR set is very important. This
choice directly affects how well the network performs[10]. To select the MPRs, each node
periodically sends out hello messages that include a list of its one-hop neighbors[72]. OLSR
uses three types of control messages: HELLO, Topology Control (TC), and Multiple Interface
Declaration (MID) messages[76].
1. HELLO messages are used to determine the status of connections, detect neighboring
nodes, and allow neighbors to select a Multipoint Relay (MPR) set during this process.
This MPR set indicates which neighboring nodes have chosen a specific node as their
MPR. As a result, this node can identify its own MPR set. HELLO messages are only sent
to devices that are one hop away[71][75]. These messages are sent at predetermined
intervals in OLSR to determine link status, as shown in Figure 2.3. If node A and node B
are neighbors, node A sends a HELLO message to node B. If node B receives this
message, it indicates that the link may be asymmetric. If node B then replies with the
same HELLO message to node A, this is considered an asymmetric (unidirectional) link.
On the other hand, if node A and node B can communicate both ways, it is classified as a
symmetric (bi-directional) link, as shown in Figure 3.7. The HELLO messages provide
information about all neighboring nodes, enabling each mobile node to keep a table that

tracks all its multi-hop neighbors[31].
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Figure 3.7: HELLO messages in SANET using OLSR[31]
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2. Topology Control (TC) messages are used by nodes in a network to communicate their
MPR (MultiPoint Relay) selector sets and to update their topology tables. This is essential
for creating the intra-forwarding database required for packet routing. Only MPR nodes
transmit TC packets, while other nodes receive and process these packets without
forwarding them. When a node receives a TC message, it updates its topology table to
include the most recent connections. This information is then utilized to construct the
routing table for packet transmission, following a backtracking process in descending
order. Each node collects important control information and stores it for the protocol's
operation, as illustrated in Fig. 3.8. The protocol keeps track of next-hop information to
efficiently send packets to their destinations using MPR nodes[42][74][76].

2-hop MPR
Hello | | . . . Topology || | TC
Message ch;bc-r MPR Set bc;::tmr Set e

Routing table

Figure 3.8: Messages and information hold[24].

3. MULTIPLE INTERFACE DECLARATION (MID) MESSAGES are produced by an
OLSR node with multiple OLSR interfaces to inform other OLSR nodes about its active
interfaces in the OLSR routing domain. These messages include a list of interface
addresses linked to the main address. Due to potential size limitations, this list may be
partial, but all MID messages detailing a node's interface set must be fully parsed within
a specified refreshing period (MID_INTERVAL). The information shared through these
MID messages assists each node in constructing its routing table and is broadcast across

the network exclusively by MPRs .

A network node with multiple interfaces should not generate MID messages if only one
interface is active in the mobile ad hoc network (MANET) and running the Optimized Link
State Routing (OLSR) protocol[45][21][78].

OLSR mechanism

Figure 3.9 shows how the OLSR protocol works. It includes three main parts: the link-
state awareness module, the routing discovery module, and the routing calculation module
[22][21].
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1. In the link-state awareness module, each node sends a HELLO message to its
neighbors regularly. This helps check the status of the links and identify one-hop and two-hop
neighbors. The information from the HELLO messages is stored in a neighbor table. Each node
sets a holding time for every neighbor; if this time expires, the neighbor is removed. To
calculate the MPR set, the HELLO packets in OLSR must detect link states among neighbor
nodes and compute the two-hop neighbors. Additionally, each MPR is assigned a sequence
number to identify the most recent MPR recorded in its MPR table [45].

2. The routing discovery module determines the MPR set based on the neighbor and
two-hop neighbor tables. The MPR mechanism significantly reduces routing overhead while
maintaining a clear view of the network topology [22]. MPR acts as an intermediary node or
an interface, enabling communication between all nodes and a selected node. Each node
chooses its MPR set from its one-hop neighbors and shares this selection in HELLO messages
broadcast to all nodes. Nodes only broadcast and forward TC messages through MPR nodes.
Using MPR selectors and TC messages, nodes update their topology tables to include the MPRs
of other nodes [45]. Each node has a routing table that contains all known destinations, which
it tracks using its MPR (Multi-Point Relay) nodes. When a HELLO message is received, the
following occurs:

o First, the neighbor list is updated, considering whether the connection is symmetric or
asymmetric.

e Second, hop sets are created to record pairs of nodes, indicating which two-hop
neighbors can be reached via a specific one-hop neighbor.

o Finally, the MPR set is updated to reflect the nodes selected as MPRs [45][21].

MPR nodes send packets to the nodes that selected them and inform all the selecting
nodes and the entire network through Topology Control (TC) packets. Regular nodes that are
not MPRs can receive and process control packets, but they cannot forward them or affect the

network structure of other nodes [45][42].

3. The routing calculation module creates a routing table using the 1-hop and 2-hop
neighbor tables and the topology table generated by the previous modules. The OLSR routing
protocol updates the routing table whenever there are changes to the neighbor or topology table
[22][42]. Each entry in the topology table has a holding time. When this time expires, the entry

becomes invalid and is removed. The topology table contains the following information:
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Destination Addresses: These are MPR selectors from the TC message that show
which nodes need to forward messages.

Destination’s MPR: These are the last-hop nodes to the destination that sent the TC
messages and provide routes to the MPR selectors.

MPR Selector Sequence Number: This number represents the latest set of MPR
selectors and is incremented only when the set changes.

Holding Time: This is the length of time an entry remains valid in the topology table
[42].OLSR selects the optimal path using a minimum-hop method [22].
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Figure 3.9: Schematic diagram of OLSR routing protocol[22].
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Advantages and Disadvantages of the OLSR Routing Protocol

The following table shows the advantages and disadvantages of the OLSR routing
protocol.

Table 3.3: Advantages and Disadvantages of the OLSR Routing Protocol

Advantages Disadvantages

OLSR minimizes delay, suiting latency- | OLSR routing tables list all routes, which
sensitive apps. can be large.

OLSR is user-friendly, has fewer issues, and | More mobile users increase control
needs no central routing. messages.

OLSR suits fast-changing ad hoc networks. | OLSR link repair is slow

OLSR control messages: unreliable, periodic, | OLSR needs more processing power for
unordered. route calculation.

OLSR is simple, interacts with the routing
table, and needs no IP header changes | OLSR's delay is more variable.
[72][79].

Not ideal for fast-changing networks due to
state propagation overhead[70][79].

3.9.1.2 Reactive Routing Protocols (On Demand)
Reactive routing protocols are on-demand protocols that establish routes only when
needed. [47][34]. They employ a route discovery process that floods the network with route

query requests when a packet requires routing, utilizing either source routing or distance vector

routing. Source routing embeds routing information directly in packet headers, eliminating the

need for routing tables; however, this approach results in high network overhead. On the other
hand, distance vector routing relies on next-hop and destination addresses, requiring nodes to
maintain active route information until it is no longer needed or until a timeout occurs, which
helps prevent outdated routes [80]. Reactive protocols require less memory and storage than
proactive ones, as they do not constantly update route tables[70].

The main disadvantages include high latency in route finding and the potential for
network congestion. When the source node intends to send data, it begins the route
determination process, which involves a search. This increases the waiting time for the source.
Additionally, extreme flooding during this process can lead to congestion in the
network[66][47].

This thesis analyzes AODV, with simulation details in Chapter 5.
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3.9.1.2 .1Ad Hoc On-Demand Distance Vector Routing (AODV) protocol

Ad Hoc On-Demand Distance Vector Routing (AODV) is a reactive “on-demand”
routing protocol, meaning that routes are established only when needed. It uses a distance
vector algorithm, which measures distances in hops to all available routers. This approach
minimizes the number of broadcasts by creating routes only when requested[79]. Which means
each node maintains a routing table of active paths and periodically broadcasts a hello message
to track its neighbors. Nodes store only next-hop information, not the complete route[81][45].

The AODV algorithm is an enhanced version that combines elements of both the
Destination-Sequenced Distance Vector (DSDV) and Dynamic Source Routing (DSR)
algorithms. It combines DSDV's periodic updates, sequence numbers, and hop-by-hop counts
with DSR's route request (RREQ) and route maintenance. [70]. The protocol supports unicast,
broadcast, and multicast communication[79].

AODV prevents routing loops by assigning a unique ID to each request packet. This
solution fixes the distance vector problem of counting to infinity[81].

AODV Features: Each active route has a specific lifetime recorded in the table. When
this lifetime expires, the route becomes invalid and is removed from the table[82][79].

AODV can manage different speeds of movement and types of data traffic. It uses two
main mechanisms to create and keep connections between nodes: 1. Route Discovery. 2. Route
Maintenance[79].

There are four types of control messages used in the AODV routing algorithm for the

discovery and maintenance of the route, and it is:

1. Route Request Message (RREQ)

2. Route Reply Message (RREP)

3. Route Error Message (RERR)

4. Hello Messages: To discover the network, all nodes exchange hello messages with
their neighbors [82][45].

1. Route Discovery mechanism.

In the route discovery process, as shown in Figure 3.10, routes are established when
required. When a source needs to reach a destination, it first checks its routing table for the
destination's route information[81]. Each node in the AODV ad hoc network maintains a
routing table holding information about recent routes by storing the following data:

1. Destination node IP address.

2. Destination sequence number.
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Hop Count: Number of hops to destination.
Next hop for packet forwarding.

The valid time for a route.

Active neighbor list[45] .

Every node in the network must have a route table entry that includes the latest sequence

o g ~ w

number of the node. This entry is refreshed whenever the node receives RREQ or RERR
messages[45]. If the routing table has a route, the source will send packets to the destination.
If no route exists, the source will queue the message and broadcast a Route Request (RREQ)
throughout the network[81].

The RREQ includes specific information, as detailed below.

1. Source IP Address.

Destination IP Address.

3. Source Sequence Number: Source Sequence Number: This is the most recent sequence
number used in this route.

4. Destination Sequence Number: This is the latest sequence number received from the
source for any route to the destination.

5. Request ID.

6. Time to live (TTL).

7. Hop Count: number of hops from the source to the intermediate node trying to find the
destination.[45]

N

A Route Request (RREQ) is identified by both the source address and the request ID.
Each time the source node sends a new RREQ, it increases the request ID. When a node
receives the RREQ message, it checks if the request has reached its destination.

If it hasn’t, the node checks if it has received the same RREQ before by looking at the
request ID and source ID. If it has received it earlier, the node will discard the message.

If the node receives a new RREQ), it will re-broadcast it to its neighbors and increment
the hop count [45][82].

As the Route Request (RREQ) travels from one node to another, it automatically
establishes a reverse path from each of these nodes back to the source. Each node that receives
the packet records the address of the node from which it was received. This process is known
as Reverse Path Setup[34].

The reverse path is used to send the RREP message back to the source, while a forward
path is established during the transmission of the RREP message. This forward path can be
considered the reverse of the reverse path(a complete route). Data transmission begins as soon

as this forward path is set up[82][45].
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Route Discovery

Figure 3.10: Route Discovery Process (RREQ and RREP) for AODV/[81]
2-Route Maintenance Mechanism in AODV

One of the most important features of a Mobile Ad Hoc Network (MANET) is node
mobility. When one of the nodes in the communication path moves outside the transmission

range of its neighboring node while sending data, it can lead to link failures. In this case, when

a node loses contact, the node immediately preceding it sends a Route Error (RERR) packet to
its preceding node. This process repeats until the RERR packet reaches the source node, as
shown in Figure 3.8. When the source node receives the RERR, it compares it with its routing

table. The broken route is then deleted, and the source node generates a new RREQ (Route

Request) to discover an alternate path .

The following parameters are contained in the route reply message :

Source Address.

Destination Address.
Destination Sequence Number.
Hop Count.

Life Time.

The source node initiates a search for another path by broadcasting the RREQ packet

o > w0 NP

again, as shown in Figure 3.11. Additionally, hello packets are used to predict possible route
loss; each node periodically sends a hello packet to its neighboring nodes to verify their
presence. If a response is not received, it indicates that there has been a path
interruption[83][81][82].
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RERR/,-.

Figure 3.11: AODV Route Maintenance Process[72]

Example for Path discovery in the routing protocol AODV
The source node S wants to send data to the Destination node D, as in the network

shown in the figure3.12.

©
@

Figure 3.12: MANET network consisting of 17 nodes[83]
In the first stage, Node S discovers the path by sending an RREQ packet to its

neighboring nodes, exemplified in our nodes B, C, and E as shown in Figure 3.13.

RREQ @& g

Figure 3.13: The first stage of path discovery in the AOD protocol[83].
In the second stage, Nodes B, C, and E create a reverse path to the source node S. The
neighboring nodes of node S, which are B, C, and E, in turn, send the RREQ packet to their
neighboring nodes, as shown in Figure 3.14.

50



RREQ S SRR
Reverse Path e

Figure 3.14: The second stage of path discovery in the AOD protocol[83].
In the third stage, Node C receives the RREQ packets from Node G and H but does

not forward them because it has already forwarded them, as shown in Figure 3.15.

RREQ <. ........
Reverse Path e—

Figure 3.15: The third stage of path discovery in the AOD protocol[83].
In the fourth stage, the nodes receiving the RREQ packets will continue sending them

to their neighboring nodes until they reach the Destination node D, as shown in Figure 3.16.

RREQ 4. ........
Reverse Path e

Figure 3.16: The fourth stage of path discovery in the AOD protocol[83].
In the Fifth stage, the Destination node D does not send any RREQ packet because it

is the Destination node, as shown in Figure 3.17.
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RREQ oo
Reverse Path

Figure 3.17: The Fifth stage of path discovery in the AOD protocol[83].
In the sixth stage, Nodes that cannot be reached by node S do not receive the RREQ
packet, as in the case of node Y and Z, while nodes to which the path passes by the target node

D also do not receive the RREQ packet, as in the case of node N, as in Figure 3.18.

RREQ <

Figure 3.18: The sixth stage of path discovery in the AOD protocol[83].
In the seventh stage, The Reverse path is determined from the destination node D to

the source node S as shown in Figure (3.19).

Reverse Path (D—5S)
Reverse Path —

Figure 3.19: The seventh stage of path discovery in the AOD protocol[83].
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In the eighth stage, the path between the source node and the destination node is
completed when the RREP packet travels through the reverse path and reaches the source node,

as shown in Figure 3.20.

S

These connections represent the path that data will take from source node

S to destination node D.

Figure 3.20: The seventh stage of path discovery in the AOD protocol[83].
In the ninth stage, the source node begins sending data to the destination node via the
best path (with the fewest number of hops) that was chosen in the path discovery stage, as

shown in Figure 3.21.

Figure 3.21: The seventh stage of path discovery in the AOD protocol [83].
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Advantages and Disadvantages of AODV Routing Protocol

The following table shows the advantages and disadvantages of the AODV routing protocol.

Table 3.4: Advantages and Disadvantages of the AODV Routing Protocol

Advantages

Disadvantages

AODV's fast adaptation to network changes

makes it suitable for dynamic

AODV takes a long time to create the
routing table[79].

AODV handles unicast/multicast for mobile
nodes[79].

Routing entries expire despite valid
links[28].

AODV quickly finds the newest route.

Route found when flow starts[28].

AODV reduces overhead by not source

routing.

Too many route replies and beacons waste
bandwidth, reducing network

efficiency[70].

AODV: flat routing, no central manager, all
devices equal.

Valid routes can expire; setting expiry is
hard[79].

AODV avoids loops using destination

sequence numbers.

Larger networks reduce performance[79].

Shorter RREPs (higher sequence number or

fewer hops) trigger route updates[79][69].

3.9.2 Geographic routing (position-based routing ) Protocols

Geographic routing, also known as geo-routing, refers to recently developed protocols

that operate independently of network topology, designed for large, distributed networks[70].

In position-based protocols, nodes determine their locations using the Global

Positioning System (GPS). Nodes communicate with nearby nodes by sending out a beacon at

regular intervals to determine their positions. Data forwarding decisions rely on the

destinations’ locations in the packet header and the positions of neighboring source nodes,

without the need for route discovery, maintenance, or knowledge of network topologies

[72][70].

Geographic routing uses GPS coordinates to find the best routes to a specific

destination[71]. Each node needs to know where it is located and the position of its direct

neighbor to send the data packet[55].
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The advantages include simplified network management through a location-based
topology, improved scalability, enhanced route formation, and reduced packet
overhead[71][55].

Disadvantages include the requirement for each node to know its neighbors' locations

and the issue of inaccurate node positions, leading to increased network load[70][55].

3.9.2.1 Geographic Routing Protocol or Gathering-based Routing Protocol (GRP)

GRP is a custom MANET routing protocol by OPNET that determines routes based on
the shortest geographical distance between the source and destination, classifying it as a
proactive routing protocol due to its dependence on the Greedy algorithm, which requires each
node to keep one or more routing tables that contain updated information about its neighboring
nodes. For different quadrants, it maintains the highest level of information about neighboring
quadrants[55]. This algorithm assumes that each node knows its GPS location. Although GRP
is categorized as proactive, a source node can initiate route discovery if no route to the
destination is available[84][85].

GRP, also known as the Gathering-based Routing Protocol, allows the source node to
gather routing information for the destination. It begins by sending a Destination Query (DQ)
across the network, which is relayed to neighboring nodes until reaching the destination. Once
there, the destination node broadcasts a Network Information Gathering (NIG) packet to its
neighbors. The source node calculates the optimal route using collected data and begins
transmitting data packets immediately[13][86][84].

GRP minimizes flooding by organizing routing within square quadrants or
neighborhoods, as shown in Figure 3.22[85]. The size of each neighborhood can be set using
a global attribute[86]. A main feature of GRP is its regional and hierarchical packet forwarding
strategy, which reduces flooding overhead. Each higher-level neighborhood is systematically
divided into four smaller lower-level neighborhoods[87].

When a node moves into a new area, it updates its location. Nodes use a 'HELLO'
protocol to communicate with their neighbors and share their positions. If a route becomes
blocked, a backtracking method allows packets to return to the last node to find a new route. If
the node that receives a backtracking packet has no alternative route, it will return to its
previous node to look for one. If no alternate route is found after all possible backtracks, the
packet is dropped and discarded[71][55][84].
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Consider a system with two top-level neighborhoods, A and B. Within A, we have
neighborhoods Aa, Ab, Ac, and Ad; within B, we have Ba, Bb, Bc, and Bd. Additionally, Aa
contains Aal, Aa2, Aa3, and Aa4, while Bb includes Bbl, Bb2, Bb3, and Bb4. When a node
moves more than a specified distance or crosses a quadrant boundary, it sends a message with
its new position to all recipients[87].

For example, in Fig. 3.22, when a node moves from Aal to Aa2 (within the level 2
quadrant), a beacon message is broadcast to quadrant Aa, the upper layer of the node. Similarly,
if a node moves from quadrant Aa2 to Acl (within the level 1 quadrant), the flooding message
is sent only to nodes within quadrant A, rather than the entire network[85][86].

Quadrant Size

i L2 2]

e vEys

4
Layer 2 / Ac / Ad / Bc / Bd
| [As Jasz[ v [avzfoar [az [on: fovz]
3 ! /An“l/An-l/Ab'i/Ab-l Bn‘l/ﬂn-t/ﬂb'i/ﬂh-t/
Layer : /AcI/Ac;‘/Act1/Ad.‘_/Uc1/Bc:/l.\d’l/ud;‘/

$ /Ar ‘(/Ar-l/Ad 2J Ada) Be l/ﬁr-t /ﬂd X/ﬁda/
Figure 3.22: regional quadrant strategy in GRP[85]

Each node maintains three tables: destination, neighbor, and backtracking. First, the
destination table indicates whether the node has information about a specific destination; nodes
update this table upon receiving flooded location information. Second, the neighbor table,
updated via hello message exchanges, stores the location information of neighboring nodes.
Finally, the backtracking table records the node that forwarded a data packet. This table is used
to route packets back to the previous node if no closer neighbor exists or if destination
information is lacking[85][87].

GRP utilizes two forwarding strategies: Greedy Forwarding and Face-2 Routing
Perimeter.

1. Greedy forwarding involves sending information to the neighbor that is closest to the
destination node, as shown in Figure 3.23. The message is gathered using a positioning method,
such as GPS[70][83][84].
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Figure 3. 23: greedy routing strategies[83].

2. Perimeter routing, also known as the Face-2 Algorithm, is a technique where, if a node
cannot find a forward path, it forwards the packet to the node that shows the least backward

progress. This approach is based on the concept of planar graphs, which are graphs that do

not have intersecting edges, as shown in Figure 3.24 [71][83][84].

Figure 3. 24: planner graph traversal[83].

Advantages and Disadvantages of GRP Routing Protocol

The table below outlines the advantages and disadvantages of the GRP routing protocol.

Table 3.5: Advantages and Disadvantages of the OLSR Routing Protocol

Advantages

Disadvantages

Route discovery and management are not
needed.

Requires position-determining services.

GRP allows for scalability.

GPS devices do not work in tunnels[71].

It works well with a high node mobility
model[71].
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CHAPTER FOUR:
Simulations, Design, and Implementation
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4. Simulation, Design, and Implementation

4.1 Evaluation Platform

This chapter discusses the MANET network modeling, configuration, and
implementation. The student version of OPNET Modeler 14.5 was used to create different
scenarios. This modular tool features an easy-to-use interface and a comprehensive selection

of modules, allowing users to effectively build suitable simulation environments.

4.2 Networks Model Configuration
The network model was designed to remove network elements for creating scenarios,

particularly by using the startup wizard for MANET scenarios in this thesis.

4.2.1 Network Components and Attributes
Various network components and attributes have been utilized to establish a MANET
network that meets the specific requirements of their scenarios. The network components

include:

4.2.1.1 MANET Network Elements and Attributes

e MANET workstation nodes are workstations executing a source-destination application
using UDP/IP.

e Application Configuration: This consists of a name and a description table that specifies
various parameters, such as frame size and traffic type, for different applications (e.g.,
voice, video conferencing, etc.).

e Profile_Config node: This component is utilized to create user profiles that accurately
generate application-layer traffic across different nodes in a Mobile Ad Hoc Network
(MANET).

e Mobility Configuration: A mobility configuration object stores random mobility
parameters as profiles for easy reusability.

e Wireless Server: A mobile subscriber station node model with server functionality.

e Rx Group: The "wlan_rxgroup” option will consider transmitters with "wlan_rxgroup"

specified as the Rx group.

4.2.2 Model Configuration Parameters
Application Configuration: To create a simulation model in OPNET, you use an

object known as the Application Definition attribute. This attribute contains several predefined
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applications, including Database, E-mail, FTP, HTTP, Video, and Voice. The type of service
is used within the Application Definition attribute to define applications (Voice). The voice
application, configured using the voice table shown in Figure 4.1, is modeled for a Best-Effort
service to support VoIP calls. The voice application employs the G.711 encoder scheme for
MANET.

Profile Configuration: After configuring the Application Definition attributes, you
need to set the Profile Definition attributes to determine how the application behaves. Figure
4.2 shows the Profile configuration and details the attributes used in the models. This includes

the simulation’s start time, which is consistently set between 100 and 110 seconds.

£l
|.—"-1't|1'|:n.rte Value —J
Database 0 (Voice) Table X
Email Cff
Fip off |P~rtn'l:n_rte Value -]
Et.tp :: Silence Length (seconds) default
P'"“_ - - Talk Spurt Length (seconds) default
__;j'“'_"tf_ _';f";"f-' _ :rﬁ Symbolic Destination Name Voice Destination
_"._':_e"' ~OrierEncing l”— Encoder Scheme (..}
Vol L) Woice Frames per Packet 1
| - | Type of Service Best Effart (0)
RSWP Parameters MNone
Traffic: Mix (%) Al Discrete =

Details | Promate | oK I Cancel |

Figure 4.1: Application Definition Configurations
The simulation lasts for 5 minutes, during which the Voice application operates
continuously until all applications have finished. Voice calls between the source and
destination begin at 5 seconds and 10 seconds. New calls are added every 5 seconds, according
to the profile, and this pattern continues until the simulation ends. As a result, the number of

Voice calls increases consistently at regular intervals throughout the network model.
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Figure 4.2: Profile Definition Configurations

4.2.3 Network Simulation Parameters

Table 4.1 displays the MANET traffic and voice generation parameters utilized in the

simulation models.

Table 4.1: Network Simulation Parameters

Parameter

Value

Start Time (seconds)

100

Packet Inter-arrival Time (sec)

Exponential 1

Packet Size (bits)

Exponential 1024

Destination IP Address

Random

Stop Time (sec)

End of Simulation

Number of Nodes

30, 40, 50, and 60

Simulation Time

300 sec (5 min)

Simulation Area

2000 m X 2000 m

Node Speed

10 m/s

Routing Protocols

AODV, GRP, OLSR, and EOLSR

HELLO Interval (OLSR)

2 Sec

Adaptive HELLO Interval (EOLSR)

1 Sec (Optimal)

TC Interval (OLSR)

5 Sec
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Parameter

Value

Adaptive TC Interval (EOLSR)

2 Sec (Optimal)

Node Movement Model

Random waypoint

Data Rate

11mbps

Application Name

\Voice

Simulator

OPNET Modeler 14.5

4.2.4 AODV, GRP, and OLSR protocols parameters
Figures 4 (3, 4, and 5) show the required parameters for AODV, GRP, and OLSR

routing protocols, respectively.

(mobile_node_11) Attributes — O o

Type: |w::-rksta‘tin:|n

Attribute Walue j
@ -trajectory VECTOR
= AD-HOC Routing Parameters
& i AD-HOC Routing Protocol OLSR
@ = ADDY Parameters (..)
) Route Discovery Parameters Default
® - Active Route Timeout {seconds) 3
@ Hello Interval (secands) uniform (1, 1.7) S
& - Allowed Hello Loss 2
)] : Net Diameter 35
@ Mode Traversal Time (seconds) 0.04
) . Route Emor Rate Limit (pkts/sec) 10
) - Timeout Buffer 2
) TTL Parameters Default
® - Packet Queue Size (packets) Infinity
el - Local Repair Enabled ot
< | . K
[ Advanced
@ | Fitter [~ Apply to selected objects
| Exact match

Figure 4.3: AODV protocol parameters

Cancel |
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Figure 4. 4: GRP protocols parameters
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Figure 4.5: OLSR protocol parameters

4.3 Simulation Design

Design multiple simulation models to compare the performance of AODV, GRP, and
traditional OLSR routing protocols with enhanced OLSR over MANET. Create various

scenarios to simulate routing protocols for voice transmission, taking into account factors like
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delays, data throughput, and data dropped. A campus network was designed in an area
measuring 2000m x 2000m, as detailed in Table 4.1. Wireless LAN mobile nodes with a data
rate of 11Mbps were distributed throughout this area. The simulation used a random waypoint
mobility model, which explains movement patterns clearly. In this model, mobile nodes move

at a constant speed of 10 m/s until they reach their destination.

4.3.1 MANET Simulations Scenarios

« AODV Scenarios:

o Topology consists of 30, 40, 50, 60 nodes, moving with 10ms
e GRP Scenarios:

o Topology consists of 30, 40, 50, 60 nodes, moving with 10ms
e OLSR (baseline scenarios):

o Topology consists of 30, 40, 50, 60 nodes, moving with 10ms
e EOLSR (enhancement scenarios):

o Topology consists of 30, 40, 50, 60 nodes, moving with 10ms
o Parameters: Hello interval: 2s (baseline) — 1s (enhanced)

o Parameters: TC interval: 5s (baseline) — 2s (enhanced)

4.4 MANET Models

Figure 4.3 explains the network topology featuring various routing protocol models and
mobile nodes. In MANET simulation scenarios, workstations, referred to as mobile nodes, act

as both source and destination nodes. These mobile nodes initiate voice calls in voice scenarios.
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Figure 4.6: Simulating 60 nodes

4.5 Simulation Run-Time

The simulation run time is set to 300 seconds (5 min). The simulation is implemented
in OPNET Modeler 14.5 on a TOSHIBA laptop with Windows 10, an HP i5, 2.5 GHz CPU,
and 4.00 GB.
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CHAPTER FIVE:
Analyzing AODV, OLSR, and GRP before Enhancement
Simulation Results



5.1 Performance Metrics of AODV, GRP, and OLSR Routing Protocols
This section evaluates the traditional AODV, GRP, and OLSR routing protocols. We
implemented different scenarios to test their performance in Mobile Ad Hoc Networks
(MANET) and to identify a dependable routing protocol. We examined parameters like delay,
throughput, and data loss, particularly for WLAN with voice applications. The findings are

displayed in graphs and tables.

5.1.1 Comparison of WLAN Delay for Different Routing Protocols

To evaluate voice traffic performance in a Mobile Ad-hoc Network (MANET), we
focused on the delay metric, which includes all delays from buffering during the route
discovery process. Wireless delay is a key factor in evaluating voice quality in MANETS. The
results in Table 5.1 and Figure 5.1 indicate that WLAN delays are high for voice traffic when
using the AODV protocol. This is mainly because AODV has a slow process for establishing
connections, which results in higher network delays due to its reactive characteristics. During
route discovery, AODV generates significant routing traffic by broadcasting RREQ packets
throughout the network, which further increases both delay and routing overhead. As
demonstrated in Table 5.1 and Figure 5.1, the AODV protocol exhibits a significantly high

delay across all cases of mobile node density.

Table 5.1: Comparison of WLAN Delay (sec) for Different Routing Protocols vs. Node

Density
Routing Protocol 30 nodes 40 nodes 50 nodes 60 nodes
AODV 0.579 5.188 6.141 6.656
GRP 0.259 0.965 1.681 1.786
OLSR 0.230 1.029 1.876 1.965

OLSR has a lower delay than both GRP and AODV when there are 30 nodes present.
However, as the number of nodes increases, OLSR's delay becomes higher than that of GRP.
When the number of nodes exceeds 30, OLSR experiences increased delays. In comparison,
GRP has lower delays than both traditional OLSR and AODV when there are more than 30
mobile nodes. Each mobile node using GRP is equipped with a Global Positioning System
(GPS) for accurate location tracking, which helps optimize the flooding process by dividing it
into quadrants. According to Figure 5.1 and Table 5.1, the GRP routing protocol performs
better than AODV and OLSR in reducing network delay.
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Figure 5.1: Comparison of WLAN Delay (sec) for Different Routing Protocols

5.1.2 Comparison of WLAN Throughput for Different Routing Protocols

Throughput refers to the total amount of data that the receiver node successfully obtains
from the sender node, divided by the time it takes to receive the last packet. It is measured in
bits per second (bps). Throughput measures network robustness, and simulations show that
optimal throughput occurs with fewer mobile nodes. A routing protocol's effectiveness is often
evaluated by its throughput.

Table 5.2 displays the throughput measurements for all the routing protocols under
study. OLSR and AODV are the two routing protocols that consistently achieve the highest
throughput across all levels of mobile node density. As shown in Table 5.2, as the number of
nodes increases, the throughput of AODV also increases moderately. In OLSR, the throughput
increases moderately but sees a more significant rise when the network size reaches 50 nodes.
GRP demonstrates lower throughput performance. Table 5.2 and Figure 5.2 show that GRP
offers the lowest throughput among the three protocols, while OLSR achieves the highest. In
proactive protocols like OLSR, each node maintains knowledge of routes to destinations, which
improves data transmission efficiency. OLSR uses a table-driven, multi-point relay (MPR)
broadcast system, contributing to its better throughput compared to other protocols. As the
network size increases from 40 to 50 nodes, the throughput rises from approximately 1.4 Mbps
to 2.2 Mbps. This proactive approach allows OLSR to effectively deliver data packets between
nodes, as all routes are pre-established.
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Table 5.2: Comparison of WLAN Throughput (bits/sec) for Different Routing Protocols

Routing Protocol 30 nodes 40 nodes 50 nodes 60 nodes

AODV 1,292,436 1,553,586 1,875,320 2,091,889

GRP 679,099 798,148 1,051,236 1,378,920

OLSR 1,057,438 1,375,875 2,155,041 2,068,120
m
@ 2,500,000
Q 2,155,041 2,068,120
£ 2,000,000 2091889
e 1,553,58 1,875,320
45 1,500,000 -
a ./1!3;5’875 1,378,920 g AODV
& 1,000,000 1,057,438 1,051,236 —8-OLSR
: ’ ’

798,148
S 500000 679,099 GRP
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Figure 5. 2: Comparison of WLAN Throughput (bits/sec) for different Routing
Protocols

5.1.3 Comparison of WLAN Data Dropped for Different Routing Protocols

The routing protocol sends a packet to its destination when it arrives at the network
layer if there is a known, valid route. If no route is available, the packet is held queue until a
route is found. Table 5.3 and Figure 5.3 show the total wireless data drop of different network
sizes. The OLSR protocol has the lowest data drop, followed by AODV, while GRP
experiences the highest data drop. As the number of nodes increases, the data drop in GRP also
increases moderately, but the increase reaches a high level when the network size reaches 60
nodes. Table 5.3 and Figure 5.3 show that OLSR performs better than other protocols across
all mobile densities. Additionally, it is capable of transmitting real-time data that is sensitive

to information loss.
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Table 5.3: Comparison of WLAN Data Dropped (bits/sec) for Different Routing

Protocols
Routing Protocol 30 nodes 40 nodes 50 nodes 60 nodes
AODV 231 1,110 3,136 8,551
GRP 761 5,039 7,430 23,171
OLSR 56 1,030 2,305 2,738
__ 25,000
o 23,171
L 20,000
2
£ 15000
k5t 8,551
S 10,000 5,039 7,430 ’ —¢—AODV
e 761 1,110 / == OLSR
(&) 5,000 2,305 2,738 GRP
s 231 1,030
© 49 7136
Q 0 n B T T T 1
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Nodes Density

Figure 5.3: Comparison of WLAN Data Dropped (bits/sec) for Different Routing

Protocols

5.2 Summary Results of Different Routing Protocols

Based on Table 5.4 and the earlier performance evaluation of the MANET routing

protocols AODV, GRP, and OLSR for voice transmission across various network models with

differing node density and mobility, the following conclusions are drawn:

1. GRP performed better than OLSR and AODV in terms of delay, especially as the network
size increased. This is because geographic routing protocols scale better for MANETS, as

they do not require maintaining up-to-date routing tables or a global view of the network

topology and its changes.

2. AODV exhibits higher delays because it requires significant processing and time to

construct routing tables reactively.

70




3. OLSR performs better than the other routing protocols in terms of throughput and data
drop, especially in larger networks.

4. Initially, OLSR has a lower delay than GRP. However, as the number of nodes increases,
OLSR's delay also increases. Therefore, OLSR does not perform optimally in terms of

delay as the network scales.

This chapter explained the research methodology for evaluating different MANET
routing protocols to determine their effectiveness in transmitting real-time data under various
mobile densities. We initially examined the performance of three popular MANET routing
protocols: reactive (AODV), proactive (OLSR), and geographic (GRP). Each protocol has its
advantages and disadvantages in transmitting real-time data. From this study, we identified
some weaknesses in the current MANET routing protocols:

1. No super protocol can ensure all the necessary QoS parameters, such as minimal delay,
minimal data dropped, and maximum throughput.
2. The results indicate that no routing protocol can offer efficient routing for all network sizes

without modifications, regardless of the number of nodes and mobility.

Table 5.4: Summary Results of Traditional Protocols (AODV, GRP, OLSR)

_ Node Routing Protocol
Metrics ]
Density AODV GRP OLSR
30 0.579 0.259 0.230
40 5.188 0.965 1.029
Delay

50 6.141 1.681 1.876
60 6.656 1.786 1.965
30 1,292,436 679,099 1,057,438
40 1,553,586 798,148 1,375,875

Throughputs
50 1,875,320 1,051,236 2,155,041
60 2,091,889 1,378,920 2,068,120
30 231 761 56
40 1,110 5,039 1,030

Data Dropped
50 3,136 7,430 2,305
60 8,551 23,171 2,738
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When aiming to improve existing MANET routing protocols for efficient real-time
transmission, it is important to consider specific features. These include selecting a routing
protocol that can reliably handle delay, throughput, and data drops, particularly for real-time
traffic like voice, which is highly sensitive to delay. This study found that the OLSR routing
protocol, while strong in throughput and packet loss, did not perform optimally in terms of
delay as networks scaled. As a result, it was decided to enhance the OLSR routing protocol to
better support real-time traffic in MANETS. The details of this enhancement will be discussed
in the next chapter.
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Chapter Six:
Performance Evaluation of Enhanced OLSR Routing Protocol



6.1 Enhancement OLSR Routing Protocol

Existing MANET routing protocols struggle with reliable, low-delay transmission of
real-time traffic. A protocol with significant adaptive capabilities is needed. OLSR offers a
potential solution but requires enhancements, such as improvements to the HELLO and TC
message mechanisms, to minimize delay. The OLSR protocol dynamically optimizes the hello
message frequency based on varying node mobility. The standard OLSR sends hello messages
every 2 seconds and TC messages every 5 seconds. The enhanced version reduces these
intervals to 1 and 2 seconds, respectively, to highlight their effect.

6.1.1 Performance Metrics of WLAN through OLSR and Enhanced OLSR Routing
Protocol

This study reviews a new routing protocol for MANET communication and proposes
an enhanced OLSR, termed E-OLSR, for mobile ad hoc networks. The study offers several
important contributions: it enhances the configuration settings of the OLSR protocol for Mobile
Ad Hoc Networks (MANETS) across different node densities; it evaluates the performance of
routing protocols using the OPNET simulator by developing realistic MANET scenarios,
demonstrating that the optimized OLSR configurations are more effective than the default
settings; and it compares traditional topology-based routing protocols (AODV, GRP, and
OLSR) with the optimized E-OLSR, focusing on performance metrics such as throughput,
delay, and data drop rate.

This section describes the common parameters used in the simulations. A mobile ad
hoc network of 30, 40, 50, and 60 nodes is examined, with nodes randomly placed in a 2000 m
x 2000 m area. The nodes' movement follows the random waypoint model, and the network
has a fixed capacity of 11 Mbps. The following section presents the experimental results and
analysis of the simulations, focusing on key routing protocol metrics: average delay in seconds,
throughput in bits per second, and data dropped in bits per second. Lastly, all results related to

the performance of E-OLSR are evaluated, plotted, and analyzed.

6.1.1.1 Comparison of WLAN Delay through E-OLSR and OLSR Routing Protocols

In scenarios with low node density (30 nodes), as illustrated in Figure 6.1, E-OLSR and
OLSR display similar wireless delays. This is attributed to the network's stability and minimal
topology changes. Additionally, the use of shorter HELLO and TC intervals in E-OLSR does
not significantly affect the delay. This delay is primarily based on queuing delay, which

remains unaffected due to sparse node distribution and an uncongested network. However, as
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the number of mobile nodes increases beyond 40, delays improve significantly, decreasing
progressively at 40, 50, and 60 nodes. E-OLSR performs better than OLSR in terms of delay,

particularly when the number of nodes exceeds 40.

Table 6.1: WLAN Delay (sec) of E-OLSR Compared to OLSR Routing Protocol

Routing Protocol 30 nodes 40 nodes 50 nodes 60 nodes
OLSR 0.231 1.029 1.876 1.965
E-OLSR 0.173 0.864 1571 1.656
2.5
o 1.965
Q 2 1.871 —
L AN
r>u. 1.5 /f/.
g ' ,// 1.571 1.656
> 1 1.029 =@—EOLSR
5 0.864 == OLSR
= 0.5 0.231
%.173
O T T T 1
30 nodes 40 nodes 50 nodes 60 nodes

Nodes Density

Figure 6.1: WLAN Delay of E-OLSR Compared to OLSR Routing Protocol

6.1.1.2 Comparison of WLAN Throughput through E-OLSR and OLSR Routing
Protocol

The primary goal here is to achieve maximum throughput. Figure 6.2 and Table 6.2
display the network's performance in terms of throughput as the number of nodes varies. In
comparing throughput, it is clear that E-OLSR performs better than OLSR when traffic loads
range from 30 to 50 nodes. This performance difference becomes more pronounced as the
number of nodes increases to 60. This research found that as the number of nodes increased,
the throughput of E-OLSR improved. However, the throughput of traditional OLSR decreased
when more than 50 mobile nodes were used. In traditional OLSR, mobile nodes have difficulty
finding paths as the number of nodes increases. This is visible in the figure, as the throughput
dropped a little when the density exceeded 50. The enhancements in the E-OLSR protocol
significantly improved the data transfer rate in MANET.
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Table 6.2: WLAN Throughput (bits/sec) of E-OLSR Compared to OLSR

Routing Protocol | 30 nodes 40 nodes 50 nodes 60 nodes

OLSR 1,057,438 1,375,875 2,155,041 2,091,889

EOLSR 1,620,115 2,490,768 3,935,288 7,675,261
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Figure 6.2: WLAN Throughput (bits/sec) of E-OLSR Compared to OLSR Routing
Protocol

6.1.1.3 Comparison of WLAN Data Dropped through E-OLSR and OLSR Routing
Protocols

This section presents experimental results comparing the performance of OLSR and E-
OLSR routing protocols. Table 6.3 and Figure 6.3 show the results for the two routing
algorithms, displaying different packet drop rates for various network sizes. When there are 30
nodes in the network, there is no significant difference in data dropped between E-OLSR and
OLSR. The results are nearly equal due to low node density and minimal topology changes.
The short HELLO and TC message intervals in E-OLSR have little effect on data drop
performance. However, as shown in Table 6.3 and Figure 6.3, node density significantly affects
data drop performance for both routing protocols when the network size exceeds 40 nodes. As
the number of nodes increases, the data dropped also increases for both routing protocols. The

observation results indicate that the data drop rate changes with network topology changes. It
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was found that the rate of data dropped changes at a similar level in both routing protocols, as

shown in Table 6.3 and Figure 6.3.

Table 6. 3: WLAN Data Dropped (bits/sec) of E-OLSR Compared to OLSR

Routing Protocol | 30 nodes 40 nodes 50 nodes 60 nodes
OLSR 56 1,030 2,305 2,738
E-OLSR 49 797 2,173 2,510
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Figure 6. 3: WLAN Data Dropped (bits/sec) of E-OLSR Compared to OLSR Routing

6.2 Summary and Discussion

Protocol

After evaluating traditional MANET routing protocols such as AODV, GRP, and
OLSR, it is clear that the modified E-OLSR performs better than other routing protocols in
terms of WLAN delay, throughput, and data dropped. This conclusion is based on the data

presented in chapters 5 and 6. A detailed comparison between E-OLSR and other routing

protocols is provided in Table 6.4.
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Table 6. 4: Summary of Results of E-OLSR Compared to Different Routing Protocols

] Node Routing Protocol
Metrics .
Density AODV GRP OLSR E-OLR
30 0.579 0.259 0.230 0.173
40 5.188 0.965 1.029 0.864
Delay

50 6.141 1.681 1.876 1571
60 6.656 1.786 1.965 1.656
30 1,292,436 679,099 | 1,057,438 | 1,620,115
40 1,553,586 798,148 | 1,375,875 | 2,490,768

Throughputs
50 1,875,320 | 1,051,236 | 2,155,041 | 3,935,288
60 2,091,889 | 1,378,920 | 2,068,120 | 7,675,261
30 231 761 56 49
40 1,110 5,039 1,030 797

Data Dropped
50 3,136 7,430 2,305 2,173
60 8,551 23,171 2,738 2,510

By calculating the enhancement ratio of E-OLSR compared to OLSR, AODV, and GRP
in terms of delay performance, the delay values of E-OLSR can be compared to those of the
respective protocols. The enhancement ratio is calculated by dividing the delay of each protocol
by the delay of E-OLSR across varying node densities. The results are as follows:

Enhancement Ratios:

1. E-OLSR vs OLSR:

30 Nodes: 0.230/0.173 = 1.33 — E-OLSR is 1.33 times better (or 33% improvement).

40 Nodes: 1.029/0.864 = 1.19 — E-OLSR is 1.19 times better (or 19% improvement).

50 Nodes: 1.876/1.571 = 1.19 — E-OLSR is 1.19 times better (or 19% improvement).

60 Nodes: 1.965/1.656 = 1.19 — E-OLSR is 1.19 times better (or 19% improvement).

2. E-OLSRvs AODV:
e 30 Nodes: 0.579/0.173 = 3.35 — E-OLSR is 3.35 times better (or 235% improvement).
e 40 Nodes: 5.188/0.864 = 6.00— E-OLSR is 6.00 times better (or 500% improvement).
e 50 Nodes: 6.141/1.571 = 3.91 — E-OLSR is 3.91 times better (or 291% improvement).
e 60 Nodes: 6.656/1.656 = 4.02 — E-OLSR is 4.02 times better (or 302% improvement).

3. E-OLSR vs GRP:
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e 30 Nodes: 0.259/0.173 = 1.50— E-OLSR is 1.50 times better (or 50% improvement).

e 40 Nodes: 0.965/0.864 = 1.12 — E-OLSR is 1.12 times better (or 12% improvement).

e 50 Nodes: 1.681/1.571 = 1.07 — E-OLSR is 1.07 times better (or 7% improvement).

e 60 Nodes: 1.786/1.656 = 1.08— E-OLSR is 1.08 times better (or 8% improvement).
Summary:

e E-OLSR consistently outperforms OLSR, AODV, and GRP in terms of delay
performance across all node densities.

e The highest improvement is observed against AODV, with enhancement ratios ranging
from 3.35x to 6.00x.

e The improvement over GRP is more modest but still significant, especially at lower
node densities (e.g., 1.50x at 30 nodes).

e Against OLSR, E-OLSR shows a stable improvement of around 1.19x to 1.33x.
These ratios highlight the superior delay performance of E-OLSR compared to the other

routing protocols, as explained in Figure 6.4.
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Figure 6.4: WLAN Delay of E-OLSR Compared to Different Routing Protocols
Here are the enhancement ratios of E-OLSR against OLSR, AODV, and GRP in terms
of data dropped performance, calculated for each node density:
1. E-OLSR vs OLSR (Improvement in Data Drop Reduction)
e 30 Nodes: 56/49 = 1.14
— E-OLSR is 1.14x better (14% fewer drops).
e 40 Nodes: 1030/797 = 1.29 — E-OLSR is 1.29x better (29% fewer drops).
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e 50 Nodes:2305/2173 = 1.06 — E-OLSR is 1.06x better (6% fewer drops).
e 60 Nodes: 2738/2510 = 1.09 — E-OLSR is 1.09x better (9% fewer drops).
Summary:
E-OLSR consistently outperforms OLSR, with the most significant improvement at 40 nodes
(1.29x).
2. E-OLSR vs AODV (Improvement in Data Drop Reduction)
e 30 Nodes: 231/49 = 4.71 — E-OLSR is 4.71x better (371% fewer drops).
e 40 Nodes: 1110/797 = 1.39 — E-OLSR is 1.39x better (39% fewer drops).
e 50 Nodes: 3136/2173 = 1.44
— E-OLSR is 1.44x better (44% fewer drops).
e 60 Nodes: 8551/2510 = 3.41 — E-OLSR is 3.41x better (241% fewer drops).
Summary:
E-OLSR dramatically outperforms AODV, especially at 30 nodes (4.71x) and 60 nodes
(3.41x).
3. E-OLSR vs GRP (Improvement in Data Drop Reduction)
e 30 Nodes: 761/49 = 15.53 — E-OLSR is 15.53x better (1453% fewer drops).
e 40 Nodes: 5039/797 = 6.32 — E-OLSR is 6.32x better (532% fewer drops).
e 50 Nodes: 7430/2173 = 3.42 — E-OLSR is 3.42x better (242% fewer drops).
e 60 Nodes: 23171/2510 = 9.23 — E-OLSR is 9.23x better (823% fewer drops).
Summary:
E-OLSR shows massive improvements over GRP, with the most striking results at 30 nodes
(15.53x) and 60 nodes (9.23x).
Key Takeaways:
1- E-OLSR vs OLSR:
e Moderate improvement (1.06x—1.29x), best at 40 nodes (1.29x).
2- E-OLSR vs AODV:
e Significant improvement (1.39x—4.71x), best at 30 nodes (4.71x).
3- E-OLSR vs GRP:
e Extreme improvement (3.42x-15.53x), best at 30 nodes (15.53x).
E-OLSR is most effective against GRP, reducing data drops by orders of magnitude in
high-density scenarios. It also performs better than AODV and OLSR, although it is only a
little better than OLSR. See Figure 6.5.
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Figure 6. 5: WLAN Data Drop of E-OLSR Compared to Different Routing Protocols
Here are the enhancement ratios of E-OLSR against OLSR, AODV, and GRP in terms
of throughput performance, calculated for each node density:
1. E-OLSR vs OLSR (Throughput Improvement)
e 30 Nodes: 1,620,115/1,057,438 = 1.53
— E-OLSR is 1.53x better (53% higher throughput).
e 40 Nodes: 2,490,768/1,375,875=1.81
— E-OLSR is 1.81x better (81% higher throughput).
e 50 Nodes: 3,935,288/2,155,041 = 1.83 — E-OLSR is 1.83x better (83% higher

throughput).
e 60 Nodes: 7,675,261/2,068,120 = 3.71 — E-OLSR is 3.71x better (271% higher
throughput).
Summary:
E-OLSR significantly outperforms OLSR, with the most dramatic improvement at 60 nodes
(3.71x).

2. E-OLSR vs AODV (Throughput Improvement)
e 30 Nodes: 1,620,115/1,292,436 = 1.25
— E-OLSR is 1.25x better (25% higher throughput).
e 40 Nodes: 2,490,768/1,553,586 = 1.60
— E-OLSR is 1.60x better (60% higher throughput).
e 50 Nodes: 3,935,288/1,875,320 = 2.10 — E-OLSR is 2.10x better (110% higher
throughput).
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60 Nodes: 7,675,261/2,091,889 = 3.67 — E-OLSR is 3.67x better (267% higher
throughput).

Summary:

E-OLSR shows substantial gains over AODV, especially at 50 nodes (2.10x) and 60 nodes
(3.67x).

3. E-OLSR vs GRP (Throughput Improvement)

30 Nodes: 1,620,115/679,099 = 2.39 — E-OLSR is 2.39x better (139% higher
throughput).

40 Nodes:
2,490,768798,148=3.12798,1482,490,768=3.12

— E-OLSR is 3.12x better (212% higher throughput).

50 Nodes:3,935,288/1,051,236 = 3.74 — E-OLSR is 3.74x better (274% higher
throughput).

60 Nodes:7,675,261/1,378,920 = 5.57 — E-OLSR is5.57x better (457% higher
throughput).

Summary:

E-OLSR delivers exceptional throughput gains over GRP, peaking at 60 nodes (5.57x).
Key Takeaways:

1. E-OLSR vs OLSR:

1.53x-3.71x improvement, with the largest gain at 60 nodes (3.71x).

E-OLSR vs AODV:

1.25x-3.67x improvement, most pronounced at 60 nodes (3.67x).

E-OLSR vs GRP:

2.39x-5.57x improvement, dominating at 60 nodes (5.57x).
Trend Analysis:

E-OLSR performs better in terms of throughput as the number of nodes increases. It shows

the most improvement in networks with a high density of nodes (for example, 60 nodes).

E-OLSR's throughput is 5.57 times greater than GRP's throughput when using 60 nodes,

representing the most significant difference between the two.

E-OLSR is most effective against GRP, increasing throughput by orders of magnitude

in high-density scenarios. It also consistently outperforms AODV and OLSR, though the gains

over OLSR are more modest. See Figure 6.6.
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Figure 6. 6: WLAN throughput of E-OLSR compared to different Routing protocols

83



CHAPTER SEVEN:
Conclusion and Future Work



7.1 Conclusion

Firstly, this thesis studied different routing protocols operating in various
environmental scenarios, each with unique attributes. The selection of appropriate protocols
significantly enhances the reliability of a network. In mobile ad hoc networks, routing protocols
should be cascaded as indicated by this research. Mobile ad hoc networks utilize two categories
of routing protocols: reactive and proactive. Each category serves specific purposes, so
choosing between them is important for optimal network performance. In this thesis, | have
implemented several simulation scenarios for three routing protocols: AODV, GRP, and
OLSR. Voice traffic was transmitted through MANET to explain the effect of voice traffic
when utilizing these routing protocols. The performance of the three protocols was evaluated
based on delay, throughput, and data loss. The aim was to evaluate the performance of these
three routing protocols in a MANET based on specified parameters. The main issue was
choosing a dependable protocol to solve the latency problem. Based on the concluded results
and performance evaluations, no existing MANET routing protocols can transmit real-time
data across different mobile densities. No routing protocol can simultaneously support all
metrics or provide efficient routing for all network sizes without modifications, regardless of
the number of nodes or mobility. Each protocol has its advantages and disadvantages for
transmitting real-time data. However, OLSR is more efficient for real-time applications. It
nearly meets the requirements for these applications due to its strong performance in two key
areas: throughput and data loss. One disadvantage of OLSR is that it can cause delays in the
WLAN when transmitting voice over a MANET. Therefore, there is a need to improve the
OLSR protocol to better support real-time traffic.

Secondly, it is necessary to enhance the OLSR routing protocol to meet the
requirements of transmitting real-time traffic and providing the best performance for the most
important voice transmission requirements, which include minimizing delay and data dropped.
The main issue in OLSR is when sending HELLO and TC messages. HELLO message traffic
refers to the time interval between two consecutive HELLO messages in a one-hop
neighborhood, which helps gather neighborhood information. To achieve optimal performance
in scenarios with slow speeds and low scalability, it is important to send HELLO messages less
frequently to reduce overhead. But in scenarios with dense and sparse network topologies, it is
necessary to send HELLO messages more frequently by reducing the intervals to identify

neighboring nodes better.
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While TC message traffic refers to the time interval between two consecutive TC
messages by an MPR selector set, which helps gather topology information. To achieve optimal
performance in scenarios with slow speeds and a scalable network, it is important to send TC
messages less frequently because they report minimal changes. But in the case of a dense
network and high mobility (topology changes frequently), it is necessary to send TC messages
more frequently by reducing the intervals to ensure up-to-date routes because nodes leave and
enter the network very frequently, resulting in improved delay, data dropped, and throughput
for the E-OLSR routing protocol in MANET.

The results indicate that the enhanced configuration of the OLSR routing protocol (E-
OLSR) effectively supports large networks of up to 60 nodes for voice communication.

7.2 Future Work

To enhance the work presented in this thesis, it would be best to consider a wide range
of ideas:
1-Quality of service (QoS) metrics(These metrics include several key dimensions, such as
latency, jitter, packet loss, bandwidth, and availability. ),
2-Different traffic generators (e.g., HTTP, FTP, video conferencing,.)
3-Mobility models (e.g., Gauss-Markov model: This model simulates the behavior of mobile
nodes that tend to move within a specific path, yet can deviate from that path, which more
accurately represents human mobility),
4-Wi-Fi (wireless fidelity: When evaluating Wi-Fi rates, it's important to consider several key
factors. First, the speed of the internet connection is paramount. Measured in megabits per
second (Mbps), higher speeds typically translate to smoother browsing, quicker downloads,
and more robust streaming capabilities.)rates,

5- Test higher node speeds, different transmission power, and various simulation scenarios.

6- Applying the concept of adaptability to different routing protocols.

This includes examining different transmission region parameters and distances.
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