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Abstract

The mobile network is the key features of communication scenario in the real
world nowadays. Mobile Ad-hoc Networks (MANET) are the self-
configuring networks and they acted without any internal infrastructure. The
routing protocols are the deciding factor of the sending and receiving routes.
Since the nodes are mobiles, connections in the network can change
dynamically and nodes can be added and removed at any time. This research
compares the efficiency of two routing protocols Ad hoc On-Demand
Distance Vector (AODV) and Dynamic Source Routing (DSR), to judge the
critical criteria of performance, for both routing protocols, due to the fact that,
data are vital, and important to users and their specific applications, in order
to select the most reliable routing protocol, and this decision will be directly
effect the level of security, reliability and cost. The performance comparison
Is carried out by values of performance matrix of PDR (Packet Delivery
Ratio), End to End Delay and number of hops. The performance of both the
protocols are reported in results.

Simulation tool will be OPNET modeler. The performance of these routing
protocols is analyzed by three metrics: network load, capacity and mobility.
The routing protocols are explained in a deep way with metrics.

Comparing AODV and DSR the results can be seen that AODV perform
better than DSR in network with varying load, capacity and speed. The DSR
performs well compared to the AODV protocols in terms of delay and
number of hops.
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Chapter One

1 Introduction

Ad hoc networks are helpful in many situations where unprepared communication facilities
are required, such as disaster relief missions and battlefield communication facilities [3].

In order to achieve both high saved broadcast and high reachability when network
topology changes frequently, the rebroadcast probability should be set high for nodes
located in sparse areas and low for nodes located in dense areas [1,3]. These issues
motivate the investigation of techniques for enhancing the performance of the routing
protocol.

Data delivery will be taken in to consideration. This metric will tack the vital importance
of performance, classifications, and application domains. These system parameters are,
directly connected to system metric and environment metric. However, the investigations,
and simulations effect, the reliability, durability and cost effectiveness, in order to take a
proper decision, to decide the proper, method in data application domain [1].

In this work an attempt has been made to compare the performance of two prominent on

demand reactive routing protocols for mobile ad hoc networks: DSR and AODV. A
simulation model with MAC and physical layer models is used to study interlayer
interactions and their performance implications. Although DSR and AODV share similar
on-demand behavior, the differences in the protocol mechanisms can lead to significant
performance differentials.

The performance differentials using varying parameters such as network load, mobility,
and speed. These parameters are carried out using the OPNET network simulator, which is
used to run ad hoc simulations.

1.1 Research Aims
The main aims of this work, can be categorize as;

e To investigate and compare the AODV routing protocol with DSR in MANETS in
traffic modes performance.

e To investigate the performance impact of a number of important parameters in
MANETS, including node speed, traffic load and network density, using extensive
simulations.

e To study and analyses the topological characteristics of a MANET when nodes
move according to the widely adopted Random Waypoint (RWP) mobility model
using a short Hello interval messages so as to keep up-to-date neighbourhood
information in the dynamic network environment.

1.2 Motivations

In order to reach to final goal of these thesis, in terms of reliability, durability, and cost
effectiveness, the power of knowledge about performance, classifications and application
domain, should be enhanced. Spares distributions low cost, small size, an light weight of
the wireless nodes and setup, mode and the motivation, to use and implement, as well as,
deploy them, quite easily. Another motivation is to do with required high throughput, and
best results towards data delivery as a desirable case to be motivated.



1.3 Scope and Proposed Solutions

The AODV and DSR protocols are both selected as on- demand driven reactive protocols,
to give some credibility of the performance, comparison between them.

The OPNET have been used as friendly to user environment.

Investigations in to total throughput and data delivery have been made a tractable case
study. The results for both routing protocols, have been laid down and well documented
and discussed.

However, the proposed solutions for this research topic constitutes itself in the quality of
link and performance criteria. The routing capabilities have been performed with the
simulation studies.

The same scenarios have been applied to both routing protocols (AODV and DSR), to
facilitate the direct comparisons. Multiple metric investigation, in terms of system
parameters, and environmental parameters have been adopted through out the simulation
study.

1.4 Related Works

Many research work has been done in the field of MANET routing protocols. Different
routing protocols were simulated in different kind of simulators. Here we will discuss
different research about MANET routing protocols. In this thesis work simulated two
MANET routing protocols in the OPNET modeler 14.5 such as AODV and DSR against
three different parameters i.e. delay, network load and mobility.

Below we will study now different simulators with different routing protocols and their
Performance evaluation.

These routing protocols DSDV, AODV, DSR and TORA were simulated using NS2 [33].
Analysis gives different results for every parameter differently. In finding shortest path
between the source and destination nodes, delay, DSDV performs well than AODV, DSR
and TORA. DSR perform well in network load balancing than DSDV, AODV and TORA.
DSDV has good jitter than AODV, TORA and DSR respectively.

Many routing protocols have been proposed, but few comparisons between the different
protocols have been made. Of the work that has been done in this field, the work done by
the Monarchl project at Carnegie Mellon University (CMU) [29] has compared some of
the different proposed routing protocols and evaluated them based on the same quantitative
metrics. The results given in [31] analyze DSR and DSDV in idealized and realistic
simulation environments on their performance. Another paper in reference [30] gives
conclusion in mobile ad hoc network that reactive protocols i.e. AODV and DSR perform
well when the network load is moderate. In reference [30] the reactive protocols are saving
many resources like energy and bandwidth. It analyze that the proactive protocols perform
well in heavy network traffic load.

In [32] the author give different kind of conclusions about the MANET routing protocols
i.e. DSDV, AODV and DSR were simulated in NS2. The reactive protocol AODV
outperforms than DSDV and DSR in maintaining connection by sequentially exchange of
information for TCP based traffic. The packets were delivered when the node mobility is
low and failed to deliver at high mobility. DSR perform well than DSDV at all mobility. In
[32] DSR performs well than DSDV and AODV for packet dropping rate (PDR), delay and
throughput. DSR generates less network load than AODV.



1.5 Organization of The Thesis

The thesis have been organized as such; chapter 2, represents an overview to wireless
networks. advantages and disadvantages of these networks, as well as performance.

Chapter 3, deals with mobile ad hoc networks, their advantages and characteristics,
performance, and types as well as configurations.

Chapter 4, presents the methodology of the current research topic, as a procedure method
towards, helpfully successful simulations for case studies.

Chapter 5, explains the simulations setup and different scenarios preparation for the cases,
under study.

Chapter 6, presents the simulation results, including DSR, AODV protocols for send and
receive throughput, and data delivery metric results. This chapter show direct comparison
sort of results between both protocols. The chapter also, concludes with discussion of the
results.

Chapter 7, concludes the end of these investigations, and summarized the vital
contributions, and finding of the results, followed by possible future work.

1.6 Methodology

In this research, the methodology followed is the classical approach where it started with
data collections and literature review to understood the topic and to know what software
packages has been used in the simulation work.

The second stage was to decide which software to use and OPNET software is selected in
this thesis. After that, the research compares the efficiency of two routing
protocols Ad hoc On-Demand Distance Vector (AODV) and Dynamic Source
Routing (DSR), to judge the critical criteria of performance, for both routing
protocols. The performance comparison is carried out by values of
performance matrix of PDR (Packet Delivery Ratio), End to End Delay and
number of hops. The performance of both the protocols are reported in results
section. The performance of these routing protocols is analyzed by three
metrics: network load, capacity and mobility.
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Chapter Two

2 Wireless Networks

2.1 Introduction

A wireless network is a flexible data communications system, and a type of computer
network that transmits information between nodes without the use of connecting wires.
This type of network is combined with remote control information transmission systems by
using electromagnetic waves such as radio waves as a carrier of the information signal [8].

This implementation usually takes place at the physical layer of the network. Radio waves
are often referred to as radio carriers because they simply perform the function of
delivering energy to a remote receiver. The data being transmitted is superimposed on the
radio carrier so that it can be accurately extracted at the receiving end. Once data is
superimposed (modulated) onto the radio carrier, the radio signal occupies more than a
single frequency, since the frequency or bit rate of the modulating information adds to the
carrier. Multiple radio carriers can exist in the same space at the same time without
interfering with each other if the radio waves are transmitted on different radio frequencies.
To extract data, a radio receiver tunes in one radio frequency while rejecting all other
frequencies. The modulated signal thus received is then demodulated and the data is
extracted from the signal [9].

2.2 Advantages of Wireless Networks (WN)

There are many advantages of wireless networks that make them more widespread and
used at the present time, and we will review the most important of these features:

1. Mobility

This mobility increases productivity and service opportunities compared with wired
networks.

2. Installation Speed And Simplicity

Installing a wireless system fast and easy and no need to pull cables. The network can be
extended to places which can not be wired [9].

3. More Flexibility
Flexibility and adapt easily to changes in the configuration of the network [9].
4. Ownership Cost Reduction

Overall installation expenses and life-cycle costs can be significantly lower in dynamic
environments [9].

5. Scalability

Configurations can be changed and range from peer-to-peer networks suitable for a small
number of users to large infrastructure networks that enable roaming over a broad area [9].
2.3 Disadvantages of Wireless Networks

there are a number of disadvantages that an individual or organization when using a
wireless network such as:



1. Less range

Typically, the mid-range wireless network has a range of about 100 meters. This may be
appropriate for a small home or office, but not sufficient for larger buildings.

2. Security issues

Security is a major concern in any form of communication. Wireless networks involve the
risk of modification and eavesdropping.

3. Reliability

Since wireless networks work with radio wave communication, the signal is affected by
much interference.

4. Less speed

The maximum speed of 802.11n standard network is 600Mbps. This is only almost half the
speed of a wired network. The speed further decreases in a busy network.

2.4 Types of Wireless Networks

One way to illustrate types of wireless networks differences are to partition the use cases
based on their "geographic range™ [8], as can be seen in table 1.

Type Range Applications Standards
Personal area network ~ Within reach of a Cable replacement for  Bluetooth,
(PAN) person peripherals ZigBee, NFC
Local area network Within a building Wireless extension of IEEE 802.11
(LAN) or campus wired network (WiFi)
Metropolitan area Wireless inter-network  IEEE 802.15
network (MAN) Within a city connectivity (WIMAX)

Wide area network Wireless network  Cellular (UMTS,
(WAN) Worldwide access LTE, etc.)

Table 1 types of wireless networks[10]

2.5 Performance Fundamentals of Wireless Networks

Shannon [9] gave us an exact mathematical model (Channel capacity is the maximum
information rate) to determine channel capacity. channel capacity is the maximum
information rate.

S
C = BW *log,(1 + N)

Where C is the channel capacity ( bits/second), BW is the available bandwidth (Hz), Sis
the signal (Watts) and N is the noise (watts).

The previous formula captures all the details needed to understand the performance of
most wireless networks.


https://hpbn.co/introduction-to-wireless-networks/#channel-speed
https://hpbn.co/introduction-to-wireless-networks/#channel-speed

2.6 Wireless Network Components

There are some similarities between the equipment used to create a WLAN and the
equipment used in a traditional wired LAN, these equipment are:

e Both networks require a network interface card (NIC).

There are two main types of plug-in card available: PCMCIA and PCI, which is inserted
into one of the internal slots in a desktop computer. Wireless NICs contain an in-built
antenna to connect with the network.

e Inawireless network, an ‘access point’ (AP).

A similar function to the switch in wired networks. It broadcasts and receives signals to
and from the surrounding computers via their wireless NICs [9].

2.7 Wireless Network Configurations

Wireless networks can be configured in ad hoc mode using two basic things which are Ad-
Hoc configuration and access points.

2.7.1 Ad Hoc Configuration

It is the basic wireless network configuration. It is equivalent to a wired peer to peer
network. It requires only wireless NICs in each computer with common network name [9].

2.7.2 Infrastructure Configuration Using Access Point(s)

With the installation of an access point, the range over which the network is accessible
increases to approximately 150 m indoors and 350 m outdoors (optimum performance
within 30 m indoors).

Two other pieces of equipment may be required to support a wireless LAN [10]:-

e Extension points which act as wireless relays extend the range of an access point.

e Directional antennae may be used as a means of connecting two separate buildings so
that the network is shared between buildings.
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Chapter Three

3 Mobile Ad-Hoc Network (MANET )

3.1 Introduction

MANET is a self- configuring, self-organizing collection of wireless mobile nodes that
form a temporary and dynamic wireless network without wires. The MANET technology
supports pervasive computing because in many contexts information exchange between
mobile units cannot rely on any fixed network infrastructure but on rapid configuration of a
temporary wireless network. This is the main motivation behind MANET [1-3].

Ad Hoc is Latin and it means “for this purpose”, each device in a MANET is free to move
independently in any direction and will change its links to other devices frequently [11].
The primary challenge in building a MANET is equipping each device to continuously
maintain the information required to properly route traffic. Such networks may operate by
themselves or may be connected to the larger internet. They may contain one or multiple &
different transceivers between nodes. This results in a highly dynamic autonomous
topology.

The MANETS are different from internet in two major ways. The first is that the hosts in
this network are resource-constraint. They have only limited energy, computing power &
memory. The second is that the hosts of the network are mobile & the topology changes
rapidly. These two features pose great challenges to the researchers working in the area.
MANET nodes are typically distinguished by their limited power, processing & memory
resources as well as high degree of mobility. In such networks, the wireless nodes may
dynamically enter the network as well as leave the network. Due to the limited
transmission range of wireless network nodes, multiple hopes are usually needed for a
node to exchange information with any other node in the network [4].

3.2 Characteristics Of MANET

MANET has the following features:

1. Autonomous Terminal:
In MANET, each mobile terminal is an autonomous node, which may function as
both a host and a router [11].

2. Distributed operation:
There is no background network for the central control of the network operations
and so, the control and management of the network is distributed among the
terminals [9].

3. Multi-hop routing:
Basic types of ad hoc routing algorithms can be single-hop and multi-hop, based on
different link layer attributes and routing protocols [9].

4. Dynamic network topology:
Since the node mobile, the network topology may change rapidly and unpredictably
and the connectivity among the terminals varies with time [9].

5. Fluctuating link capacity:
The nature of high bit-error rates of wireless connection are profound in a MANET.
One end-to-end path can be shared by several sessions. The channel over which the
terminals communicate is subject to noise, fading, and interference.
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6. Light-weight terminals:
In most cases, the MANET nodes are mobile devices with less CPU processing
capability, small memory size, and low power storage.

3.3 MANET Architecture

The architecture of MANET is shown in Figure 3-1. The network architecture is grouped
into main three categories which are:

* Enabling technologies

* Networking

* Middleware and applications

application 1 application 2 )
Applications

& . m
Middleware middleware
Services Location, Group Communications shared memory g 2] 3
23353
transport and network layer protocols % g o
Networking TCP, IP routing, Addressing, Location, g
Multicasting, Interconnection . §

( 802.11 )(Blue{oolh ) ......
Enabling

Technologies Medium Access Control, Anteanas, Power Control

{

Figure 3-1 Asimple MANET Architecture [11]

3.4 Advantages of MANET
The advantages of the Ad-hoc network include the following [13]:
1. provide access to information and services regardless of geographic position.

Independence from central network administration. Self-configuring network,
nodes are also act as routers. Less expensive as compared to wired network.

Scalable accommodates the addition of more nodes.
Improved Flexibility.

Robust due to decentralize administration.

MANET can be set up at any place and time.

N

o ok~ w

3.5 MANET Deploying Issues

Following are some of the main routing issues to be considered when deploying
MANET’s:

1. Unpredictability of Environment

Ad hoc networks may be deployed in unknown terrains, hazardous conditions, and even
hostile environments here tampering or the actual destruction of a node may be imminent.
Depending on the environment, node failures may occur frequently [13].
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2. Unreliability of Wireless Medium

Communication through the wireless medium is unreliable and subject to errors. Also, due
to varying environmental conditions such as high levels of electro-magnetic interference
(EMI) or inclement weather, the quality of the wireless link may be unpredictable [13].

3. Resource-Constrained Nodes

Nodes in a MANET are typically battery powered as well as limited in storage and
processing capabilities. Moreover, they may be situated in areas where it is not possible to
re- charge and thus have limited lifetimes. Because of these limitations, they must have
algorithms which are energy efficient as well as operating with limited processing and
memory resources. The available bandwidth of the wireless medium may also be limited
because nodes may not be able to sacrifice the energy consumed by operating at full link
speed [11].

4. Dynamic Topology

The topology in an Ad hoc network may change constantly due to the mobility of nodes.

As nodes move in and out of range of each other, some links break while new links

between nodes are created.

As a result of these issues, MANETS are prone to numerous types of faults including the

following [13]:

1) Transmission Errors: The unreliability of the wireless medium and the unpredictability
of the environment may lead to transmitted packets being garbled and thus received
packet errors.

2) Node Failures: Nodes may fail at any time due to different types of hazardous
conditions in the environment. They may also drop out of the network either
voluntarily or when their energy supply is depleted.

3) Link Failures: Node failures as well as changing environmental conditions may cause
links between nodes to break.

4) Route Breakages: When the network topology changes due to node/link failures and/or
node/link additions to the network, routes become out-of-date and thus incorrect.
Depending upon the network transport protocol, packets forwarded through stale routes
may either eventually be dropped or be delayed.

5) Congested Nodes or Links: Due to the topology of the network and the nature of the
routing protocol, certain nodes or links may become congested.
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Chapter Four

4 Routing Protocols in MANET

4.1 Introduction

MANETSs are ad hoc networks comprised of mobile wireless nodes. Given the mobile
nature of the nodes, the network topology can change over time. The nodes create their
own network infrastructure, each node also acts as a router, forwarding traffic in the
network. MANET routing protocols need to adapt to changes in the network topology and
maintain routing information, so that packets can be forwarded to their destinations.
Although MANET routing protocols are mainly for mobile networks, they can also be
useful for networks of stationary nodes that lack network infrastructure [23].

4.2 Routing in Mobile Ad-hoc Asymmetric Cases

The asymmetric links is a common in many ad-hoc networks, including MANETSs and
sensor networks. Asymmetry is caused assentialy by node mobility, heterogeneous radio
technologies, and irregularities in radio ranges and packet loss patterns. Ad-hoc routing
protocols assume fully symmetric networks.

The main problems of routing in asymmetric cases are:

1. Links Dialogue Scenario

Consider a MANET where node B sends a signal to node A, but this does not tell anything
about the quality of the connection in the reverse direction. Therefore, lack of connections
might occur, in these sort of dialogues of communications [24].

2. Routing Overhead Setup

Some stale routes are generated in the routing table, which leads to unnecessary routing
overhead [23]. However, some method of refreshing the routing table are required.

3. Interference Phenomena

This can happen, if any device at transmission, kind of interference might occur, as the
case of channel, interference from neighboring channel, while the wireless in mode of
operation.

4. Dynamic Topology (free — to — move)

Dynamic topology means, all mobile nodes might change their location as necessary.
Problem can occur therefore, the routing protocol, must adapt with these circumstances.

4.3 Classification of Routing Protocols In MANET’s

The routing protocols can be categorized as table-driven and source initiated, while
depending on the network structure these are classified as flat routing, hierarchical routing.
Protocols come under the flat routing. Figure 4-1 shows routing protocol [14], for the
purpose of further investigation and comparisons.
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Routing Protocols

| !

Table Driven Proactive On demand Driven Reactive
DSDV WRP Hybrid ABR DSR
I A
CGSR STAR ZRP TORA AODV
| |
CERP ROMAR

Figure 4-1 Routing Protocol

4.4 Ad-hoc On-Demand Distance Vector (AODV) Protocol

AODV is a very simple, efficient, and effective routing protocol for Mobile Ad-hoc
Networks. It borrows most of the advantageous concepts from DSR and DSDV algorithms.
The on demand route discovery and route maintenance from DSR and hop-by-hop routing,
usage of node sequence numbers from DSDV make the algorithm cope up with topology
and routing information.
AODV routing protocol for data delivery algorithm can be classified as:
Check routing table — entry.
Check minimal space completely.
Check bandwidth utilization.
Check self — starting nodes.
e Check up — data routing information.
e Check loop- free loops.
e Check dynamic topology and links.
Check scalability.
Check unicast or multicast.
Check broadcast medium.
Check overhead.
Check route- maintenance.
e Check vulnerability test.
The data delivery flowchart, for the AODV protocol is shown in Figure 4-2.
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Figure 4-2 Data Delivery Flowchart of AODV

4.4.1 Working Mode Of Operations

Each node in the network maintains a routing table with the routing information entries to
it’s neighbouring nodes, and two separate counters: a node sequence number and a
broadcast-id. When a source node ‘S’ has to communicate with a destination node ‘D’, it

increments its broadcast-id and initiates path discovery by broadcasting a route request
packet RREQ to its neighbors.

The RREQ contains the following fields [12]:
e source- addr
e source-sequence: to maintain freshness info about the route to the source.
e destination- addr
e destination- sequence: specifies how fresh a route to the destination must be
before it is accepted by the source.
e hop- count
The (source-addr, broadcase-id) used to identify the RREQ uniquely. Then the dynamic

route table entry establishment begins at all the nodes in the network that are on the path
from Sto D.
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Figure 4-3 is an example, which shows how the route to the destination is found by AODV
routing protocol (self explain figure!).

Source (5)
Initiate rogte discoverv by sending FREQ to &, B, C nodes.
Feceive FREP from A B and C nodes.
Choose path via C asitiswith greatest dest seq no. (Hop cout takes second priority)
et info in route takle.
Btart communicating with the destn thr ough the chosen path,

f )
P
/@' REREQ REREP
A

B C
Check for destn route. Check for destn route. Check for D estn route
Mo route found. Foute found with hop Ha route found.
Het reverse path. court = ¢l and destn seq # Set Reverse path
Propagate FREQ. =sl. Propagate RREQ to D and E
. Send RREP. Receive REEF from D
- dend RREP
Bend FREFP with hop count
=l (=cl)
RRE P RREQ
) D E
) Check for destnrote. Check for destn route.
Route found with destn seq # Mo route found.
= 52 (=51, Het reverse path.
Setd EREF. Propagate REEQ to F and G
Delete reverse path after ime

AN

F
Check for destn rowge. Check for destn route.
Mo route found. Mo route found.

Figure 4-3 Examble to Found Distination by AODV

4.4.2 Route Table Management

Each mobile node in the network maintains a route table entry for each destination of
interest in its route table [15]. Each entry contains the following information:
e Destination
Next hop
Number of hops
Destination sequence number
Active neighbors for this route
Expiration time for the route table entry

4.4.3 The Concepts of AODV

The concepts of AODV that make it desirable for MANETs with limited bandwidth
include the following [13]:

1. Minimal Space Complexity: The algorithm makes sure that the nodes that are not in the
active path do not maintain information about this route.
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2. Maximum Utilization of The Bandwidth: All the intermediate nodes in an active path
updating their routing tables also make sure of maximum utilization of the bandwidth.
Since, these routing tables will be used repeatedly if that intermediate node receives any
RREQ from another source for same destination. Also, any RREPs that are received by the
nodes are compared with the RREP that was propagated last using the destination sequence
numbers and are discarded if they are not better than the already propagated RREPs.

3. Simple: Each node behaving as a router, maintaining a simple routing table, and the
source node initiating path discovery request, making the network self-starting.

4. Most Effective Routing Info: If a node finds receives an RREP with smaller hop-count,
it updates its routing info with this better path and propagates it.

5. Most Current Routing Info: The route info is obtained on demand.

6. Loop-Free Routes: The algorithm maintains loop free routes by using the simple logic
of nodes discarding non better packets for same broadcast-id.

7. Coping up With Dynamic Topology And Broken Links: If the active paths are
broken, the intermediate node that discovers this link breakage propagates an RERR
packet. And the source node re-initializes the path discovery if it still desires the route.
This ensures quick response to broken links.

8. Highly Scalable: The minimum space complexity and broadcasts avoided, these lend
themselves, to high scalability.

4.4.4 Advanced Uses of AODV

1. AODV can handle highly dynamic behavior of Vehicle Ad-hoc networks, Because of its
reactive nature.

2. It's used for both unicasts and multicasts using the ’J’ (Join multicast group) flag in the
packets [13].

4.4.5 Disadvantages of AODV [25]

There are many things and factors that affect the operation of the protocol, the most
important of which are:

1. Requirement on broadcast medium.

2. Overhead on the bandwidth.

3. No reuse of routing info.

4. It is vulnerable to misuse.

5. AODV lacks support for high throughput routing metrics.
6. High route discovery latency.

4.5 The Dynamic Source Routing Protocol (DSR)

DSR is a simple and efficient routing protocol designed specifically for use in multi-hop
wireless MANET nodes. DSR, is a reactive routing protocol that uses source routing to
send packets. It uses source routing which means that the source must know the complete
hop sequence to the destination. Each node maintains a route cache, where all routes it
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knows are stored. The route discovery process is initiated only if the desired route cannot
be found in the route cache [13,33].

DSR routing protocol for data delivery algorithms can be classified as follows;
e Rout discovery.

Route maintenance.

Loop free.

Dropping cashing routing .

Scalability (routes on demand).

Limited number of hops.

Transmission latency.

Node velocity(mobile case).

Error detection.

addressing mode.

Automatic scaling.

Data delivery scheme.

The relevant flowchart to this algorithm is shown in Figure 4-4.

The protocol is composed of the two main mechanisms of "Route Discovery" and "Route
Maintenance”, which work together to allow nodes to discover and maintain routes to
arbitrary destinations in the ad hoc network.

% latency

* selority
= Error detectionas
calculations

Go to Automatic scalies No
and addresse

F Y

Figure 4-4 Data Delivery Flowchart of DSR
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4.5.1 Route Discovery

Route Discovery used whenever a source node desires a route to a destination node. First,
the source node looks up its route cache to determine if it already contains a route to the
destination. If the source finds a valid route to the destination, it uses this route to send its
data packets. If the node does not have a valid route to the destination, it initiates the route
discovery process by broadcasting a route request message. Figure 4-5 shows route request
mechanisms [15].

Receive the packet

If destination

packet id,source,
fypeisin cache

my id

1

Packet path +=my1id

1

Load the packet True

Forward the packet

1

Route reply mechanism Discard the packet

Figure 4-5 Route Request Mechanism [14]

4.5.2 Route Maintenance
Route Maintenance is used to handle route breaks. The route error message is sent to nodes

that has sent a packet routed in the broken link. Then a node receives a route error
message, it removes the hop in error from its route cache. Figure 4-6 shows that.
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Figure 4-6 Rout Reply Mechanism [14]

4.5.3 Advantages of DSR

The most important features of AODV are:

1. Loop free routing, where nodes can store multiple paths.

2. Allow multiple routes to any direction.

3. Caching routing information from packets forwarded (ease dropping).

4.5.4 Disadvantages of DSR

There are also many disadvantages to the DSR protocol, including the following:

1. Nodes participate fully.

2. Diameter or number of hops is small (5 — 10).

3. Node velocity is small relative to transmission latency.

4. Errors are detectable and discarded.

5. Nodes may enable promiscuous receive mode (hardware layer passes packets & power
may be increased).

6. Can operate without promiscuous mode on or in networks where it is unavailable.

7. Only one address is used per node (Home Address).

8. Entirely on-demand, no periodic packets, automatic scaling [18].
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Chapter Five

5 Simulation Setup

5.1 Introduction

Majority of routing protocols for wireless network (wn), use hop counting strategy, as
essential part of routing scheme, for routing selection policy.

Therefore, packet routing will be achieved taking the mobility in to account, in order to
select the minimum requirement to achive roil have low quality links, due to congestion or
blocking, henceforth, in this work, dynamic source routing (DSR), and Ad hoc on demand
distance vector routing (AODV) as both routing protocols suite to be on demand driven
reactive protocols, in order to ensure the performance of both protocols for data delivery
scenarios.

This chapter covers an overview of the OPNET, which is used as our tool for simulation.
Modeling and performance of both protocols will be followed.

5.2 Overview of OPNET Simulator

OPNET is a well documented and vast modeling high level simulator, for modeling
communication nodes and their protocols.

The simulation of network design as well as the configuration can be full filed. In OPNET,
the simulation can start from the packet level to the level of the big library, for modules
and protocols for realistic networks.

5.2.1 Reasons For Using OPNET

OPNET can be considered as a good modeling tool.
It supports a wide varieties of networks and their protocols, as well as a good formulation
of results, and huge library for use.
The following main reasons can be outlined as:
1. The robustness of their modeling will facilitate the simulation environment and
data analysis.
2. Troubleshooting, it is easy to follow crashes, and system failure.
3. It has easy environment software steps to follow.
4. Different operating condition, for network protocols applications (Different
platforms).

5.3 OPNET Modeling Environment (OME)

The simulation environment of the Opnet can be classified in to the following classes as;
1. The Universal Environment Domain (UED).
2. The Nodal Environment Domain (NED).
3. The Processing Environment Domain (PED).
These domains can be explained as:
e The UED,; it concerned with the total space of the system under simulation. It also
considers the physical geographical locations around the globe. It is then deemed to
be a global Domain System (GDS).
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e The NED; it deals with the configuration of the network. These nodes can in rout-
ers, switches, workstation, hubs, bridges, gateways, etc.
Figure 5-1 shows the configuration of mobile nodes.

Wireless Deployment Wizard - Topology ‘
2 e @ T B3
;
"c't"‘;'i’;= Location Technology Topology “.::;I'?'U c::‘l';'?':‘mtinn
|
Select the number of nodes for each cell in your wireless netword<. You can also specify the node
madel for your Gatewayis) and Mobile Modes.
Gateway Mobile Mode
MNode Model Iw‘lan_ethemet_slip-ll_adv LI Imanet_sation Ll
Count {percell) 1 = 50 =
Mode Mame Prefix Gateway IMobiIe

[+ Connect all Gateways (via seral intefaces) using a backbone network

"~ an || ek [ tex || e | rew |

Figure 5-1 The Configuration Topolcﬁy of Nodes

e The PED; it covers between states of the system. The transition and conditions
adopted the inter connection between nodes.

Figure 5-2 The opology Distribution Process

Figure 5-2 shows the inter relation between mobile nodes, as topological process model.
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5.4 The DSR Model Using OPNET

5.4.1 Node Configuration Model

The DSR model and configuration parameters are shown and displayed in Figure 5-3.
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I Bxact match Cancel I Exactmatch ’TI Cancel |

Figure 5-3 Node Configuration Model For DSR

5.4.2 The Process Environmental Model

The process model is described for DSR protocol.

e The initialization state (prior-setup). The pre-state initialization is to initialize the
DSR process (program) model, by motivating the current address of the DSR node.
Hens the validity of the address will be checked with the network configurations.

e The initialization stage makes sure that user parameters are satisfied by the user.
e The Idel condition, in this case if the process is awaiting for commands (events).

e Packet arrival treatment, this state of process can handle the packets to destination.

This also governs the states of packets (data, reply, lost, etc).
e Reply state, it handles the send and no reply states.

However, send reply will be established. On the other hand if time out occurred

with requested packet by node is expired, then no reply message will be send.

e Ack state, an acknowledgment message will be send if correct packets are received.
Hence forth other data will be send.
e The state of error, if the error detected, then the link declared broken. Therefore, the

route table is initiated.

e Route discovery state, it handles the route discovery of DSR protocol. Therefore
the route request, route reply, and route cache data structures will be used

respectively, in order to select the proper route.
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5.5 The AODV Model Using OPNET

5.5.1 Node Configuration Model
The parameters of AODV protocol model is shown in Figure 5-4.
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Figure 5-4 The AODV Configurations

5.5.2 The Process Environmental Model

The model is concerned with the AODV protocol.
The following stage are related to this AODV model.

Priori initialization model; it is used to initialize the AODV process, this can be
done by establishing the AODV node address, and it is validity state.
The initialization state; it handles user parameters.
Idle condition; this is used if a process is waiting for command.
Packet arrival treatment; this process handles the packet arrival to destination. It
also classifies the packet types.
Reply state; it treats the send reply and no reply state, interchangeably as required.
Ack state; acknowledgment message will be send, for correct or un correct
reception of packets, as positive or negative acknowledgments.
The state of error; it is activated, if an error occurred and the route table will be re-
initiated.
Route discovery state; will be classified in to

a. Route request.

b. Route reply.

c. Route cache data structure.

For more information about the MANET used scenarios, please refer to appendix I, where
also the simulation steps environment, can be found.
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Chapter Six

6 Simulation Results

6.1 DSR Routing Protocol vs. Network Capacity

In the last scenarios the number of nodes was varied from 25,50,75 in order to assess the
MANET performance when using DSR routing protocol. The following graphs show the
obtained simulation results of the increase of network capacity by increasing the number of
active loads on the amount of traffic being send and received and hence finding the Packet
Delivery Ratio (PDR).

6.1.1 DSR Traffic Sent With Varying Capacity

Figure 6-1 shows the amount of the traffic sent in bits per second as the number of nodes is
increased in the test MANET configuration. As it can be seen from the figure, trafficking
in the network starts at about 100s, which is set in the simulation and then traffic start
increasing linearly with time up to nearly the 150 s mark, and then start to drop
exponentially, and this is due to the fact that at the start the nodes start source destination
path setup and trafficking starts in the network ,and due to the dynamic nature of the
networks, the packet dropping rate starts to increase and hence the total data being sent
starts declining in a negatively exponential manner i.e.as time passes the amount of traffic
being sent drops until it reaches to a steady state rate. Also it is clear as the number of
nodes increases the amount of transmitted traffic increases. The size of data being sent as
per the obtained results from Figure 6-1. It's around 9 kbps for 25 nodes, 18 kbps for 50
nodes and 48 kbps for 75 nodes. It is quite clear that the amount of data being sent is
proportional to the number of nodes.
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Figure 6-1 Average DSR Routing Traffic Sent
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6.1.2 DSR Traffic Received With Varying Capacity

In a similar manner the amount of data being received by destination nodes will be affected
by the number of active nodes in the MANET and this due to the same reason being
explained in the case of sending traffic. From Figure 6-2, the size of total received data is
about 7 kbps,14 kbps and 15 kbps for 25, 50 and 75 nodes respectively. This result
indicates that as the number of nodes increases the packet drop rate increase and this is
expected due to the dynamic nature of the MANET. Also DSR protocol is reactive type
protocol and as network gets larger the packet overhead size gets bigger which increase
latency in the network and consequently the packet loss ratio increase.
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Figure 6-2 Average DSR Routing Traffic Received

6.1.3 Packet Delivery Ratio of DSR with varying capacity

PDR is the ratio between the number of packets transmitted by a source node and the
number of packets received by a destination node. It measures the loss rate as seen by
transport protocols and as such, it characterizes both the correctness and efficiency of ad
hoc routing protocols. A high packet delivery ratio is desired in any network. A data
delivery graph is shown in Figure 6-3 data behavior looks reasonable using DSR, the
efficiency of this protocol fells sharply when number of nodes is 75.
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Figure 6-3 Data Delivery Ratio
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As can be seen from Figure 6-3, as the number of nodes increase in the network the PDR
decrease, which an indication of degradation in performance. For example, at the time
1800 sec, it is clear from the figure that the PDR for 25 nodes case is 89%, 50 nodes case is
85% and for the 75 nodes case is 30%. This means that 89% of the transmitted packet are
delivered when the number of nodes in the network was 25, but this rate is reduced to 85%
and 30% when the number of nodes increased to 50 and 75 respectively.

This gives a clear indication that DSR routing protocol is efficient when the network size is
small but its performance will degrade as the number of nodes increases.

6.2 AODV Routing Protocol vs. Network Capacity

In the following scenario the number of nodes was varied from 25, 50 to 75 in order to test
the performance when using AODV protocol. The AODV routing works in similar manner
to DSR since it is also a reactive type protocol but it should be faster since it maintains
routing table at each node in order to minimize packet overhead. The following Figures 6-
4, 6-5, 6-6 show the obtained simulation results of the effect to increase network capacity
by increasing the number of active loads on the amount of traffic being send and received
and hence the Packet Delivery Ratio (PDR).

6.2.1 AODV Traffic Sent With Varying Capacity

Figure 6-4 shows the total data being delivered by source nodes using the AODV routing
protocol when the number of nodes of this MANET was increased from 25 to 75. Once
again as the case with DSR protocol as the number of nodes is increased the number of
packets being transmitted is increased. From the graph it is clear that the data delivery is
increased from about 23 kbps when the number of nodes is 25, to 47 kbps for 50 nodes
case and 73 kbps when number of nodes increased to 75.
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Figure 6-4 Average AODV Routing Traffic Sent

6.2.2 AODV Traffic Received With Varying Capacity

As shown in Figure 6-5, the size of data receiving in bps in the 25 nodes case was about
23kbps, 45kbps for the 50 nodes case and around 30kbps for 75 nodes case. From the
graph it is very clear that there is large drop of the number of received packets when the
nodes in the MANET increased to 75. This sharp drop indicate that this protocol cannot
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handle large number of nodes and hence the network is congested the packet drop rate
increased sharply.
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Figure 6-5 Average AODV Routing Traffic Received

6.2.3 Packet Delivery Ratio to AODV With Varying Capacity
Data delivery graph is shown in Figure 6-6 data behavior looks reasonable using AODV.
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Figure 6-6 Data Delivery Ratio to AODV
In Figure 6-6 the similar trend of the results can be obtained using AODV protocol as the

performance is declined as the number of nodes is increased to 75. However, the number
of nodes vary from 25 to 50, the performance swing from 80 to 100%.
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6.3 DSR vs AODV for Varying Capacity

6.3.1 Routing Traffic Sent For 25 Nodes Scenario
Amount of Traffic sent by AODV exceeds that is sent by DSR shown in Figure 6-7.
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Figure 6-7 DSR vs AODV for 25 Nodes

6.3.2 Routing Traffic Received for 25 Nodes

Amount of traffic received by AODV exceeds that is received by DSR, shown in
Figure 6-8, indicating the large number of broadcasts that AODV performs.
B Average A0D% Routing Traffic Received - 23 Modes (bitsfsec))

B sverage DSR Routing Traffic Received - 25 Nodes (bitsisec))
10,000

9,500

_f"'_—__’_‘-_'_-_-——-’_‘_'-_.-

9,000

Vat

3500

__/"'-—f

8,000

7,500

7,000

6,500

5,000

5,500

5000

4,500

4,000

3,500

3,000

2,500

2,000
1,500

1,000

S00

T
200

T ; T : T T T T
400 500 00 1,000 1,200 1,400 1500 1,500

Figure 6-8 DSR vs AODV for 25 Nodes

31

2000
time (zec)



6.3.3 Packet Delivery Ratio to DSR &AODV
Data delivery graph to AODV and DSR for 25 nodes is shown in Figure 6-9 .
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Figure 6-9 Comparison of AODV and DSR(25 nodes)

As depicted from Figure 6-9, A direct comparison between AODV and DSR protocols, in
terms of their PDR%, performance which shows, the superiority of AODV protocol as the
number of nodes were fixed to 25 nodes only.

6.3.4 Average Delay Between AODV and DSR in 25 Nodes

The packet end-to-end delay is the time of generation of a packet by the source to the dest-
ination. So this is the time that a packet takes to go across the network. And expressed in
sec.
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Figure 6-10 Average Delay to AODV and DSR in 25 Nodes

As shown in Figure 6-10, delay in ADOV is higher because it takes longer time to setup
routes i.e. longer route discovery time as well as the packet drop rate is high and this of
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course results in higher route error rate. This is why in the above graph there is a prompt
increase in delay. The same concept is reached for other scenarios of 50 & 75 nodes.

6.3.5 Routing Traffic Sent For 50 Nodes Scenario

As shown in Figure 6-11 traffic sent by AODV exceeds that is sent by DSR and increases
as number of nodes increases.
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Figure 6-11 AODV and DSR traffic sent by 50 Nodes

6.3.6 Routing Traffic Received For 50 Nodes Scenario
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Amount of traffic received by AODV much exceeds that is received by DSR and increases
as number of nodes increases of as shown in Figure 6-12. And traffic received less than

traffic sent.
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6.3.7 Packet Delivery Ratio to AODV & DSR for 50 nodes

Data delivery graph to AODV and DSR for 50 nodes is shown in Figure 6-13.
The percentage of data delivery in the event of increasing the number of nodes to 50 nodes
is less than in the case of the number of nodes 25.
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Figure 6-13 Comparasion of the Performance AODV and DSR (50 nodes)

6.3.8 Average Delay Between AODV and DSR with 50 Nodes
The delay increases, as shown in Figure 6-14, with increasing number of nodes, and we
notice that DSR delay is less than AODV.
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Figure 6-14 Average Delay AODV & DSR for 50 Nodes
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6.3.9 Routing Traffic Sent For 75 Node Senario

The amount of traffic sent in the network increases as the number of nodes in the network
increases, and it is clear that the amount of traffic sent with AODV is more than DSR.
Figure 6-15 shown that.
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Figure 6-15 AODV and DSR Traffic Sent by 75 Nodes

6.3.10 Routing Traffic Received For 75 Node Senario

Amount of Traffic received by AODV exceeds that is received by DSR and increases as
number of nodes increases, as shown in Figure 6-16.

B Average AODY Routing Traffic Received - 75 Nodes (bitsfsec)
B Average DSR Routing Traffic Received - 75 Modes (bitsisec)

140,000
130,000 —"‘_’-_’,df‘_'-
120,000 /

110,000 /

100,000 /

90,000 /
80,000

70,000 /
/

60,000 l

50,000

30,000

40,000 I
!
I

20,000 I
10,000

u]

T T T T T T T T T
i 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000
time (sec)

Figure 6-16 AODV and DSR Traffic Received by 75 Nodes
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6.3.11 Packet Delivery Ratio to AODV & DSR for 75 Nodes

Data delivery graph to AODV and DSR for75 nodes is shown in Figure 6-17. Data
delivery rate does not exceed 45% in AODV protocol. And about DSR protocol, it does
not exceed 31%, this is due to the increase in the number of nodes in the network.
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Figure 6-17 Comparison the Performance of AODV and DSR (75nodess)
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6.3.12 Average Delay Between AODV and DSR with 75 nodes

In the Figure 6-18, as explained the delay will increase as the number of nodes increases.
This means that AODV protocol cannot be implemented efficiently in MANETS with
large number of nodes especially if this network uses sensitive traffic such as voice and
video.
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Figure 6-18 Average Delay(AODYV and DSR) with 75 Nodes
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6.3.13 Number Of Hops Between DSR and AODV

Figure 6.19 and 6.20 shown the DSR routing protocol produces from 1 to 1.3 hops per
route. AODV fluctuates between 1.8 and 2.1. This is due to the method of DSR offering
one main route and AODV offering multiple routes to the destination.
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Figure 6-19 DSR Number of Hops
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Figure 6-20 AODV Number of Hops
From the previous results and Figure 6-21 find that the number of hops with DSR less

than AODV , and this reinforces the previous results to delay. Increasing the number of
hops is associated with increasing delay.
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Figure 6-21 Number of Hops to AODV&DSR

6.4 DSR and AODV for Varying Loads

In these Scenarios both DSR and AODV has been investigated as the amount of traffic sent
from MANET nodes increases (Traffic Loads). The traffic sent and received will increase
from 10 KB to 50KB to 100 KB.

6.4.1 Traffic Sent Using DSR by 75 Nodes with Varying Load

The amount of traffic sent using DSR increases from 50k to 765k by increasing the load
from 10 to 100 k(bits/sec) as shown in the Figure 6-22
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Figure 6-22 Traffic Sent Using DSR with Varying Loads

6.4.2 Traffic Reseived Using DSR and 75 Nodes With Varying Load

The amount of traffic reseived using DSR increases from 50k to 450k by increasing the
load from 10 to 100 k(bits/sec) as shown in the Figure 6-23.
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Figure 6-23 Traffic Received Using DSR with Varying Loades

6.4.3 Packet Delivery Ratio of DSR Nodes with Varying Load

Data delivery graph using DSR for 75 nodes with varying load, is shown in figure 6-24.
In this figure, if the number of nodes at 75 nodes, using same DSR, but varying the loads
from 10k, 50k, 100k bytes, this protocol performs around the same, if the number of bits
fixed at load 10k, 50k or 100k, respectively.
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Figure 6-24 Data Delivery Ratio of DSR for Varying Load

6.4.4 Traffic Sent Using AODV by 75 Nodes with Varying Load

The amount of traffic sent with AODV increases by increasing the load from 10, 50 and
100 k (bits/sec) as shown in the Figure 6-25
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Figure 6-25 Traffic Sent Using AODV with Varying Load

6.4.5 Traffic Received Using AODV by 75 Nodes With Varying Load

The amount of traffic received in relation to changing the load in the network increases as
the load increases as shown in Figure 6-26.
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Figure 6-26 Traffic Received Using AODV with Varying Load
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6.4.6 Packet Delivery Ratio to AODV with varying load
Data Delivery graph to AODV for75 nodes with varying load, is shown in Figure 6-27.
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Figure 6-27 Data Delivery Ratio of AODV for Varying Load

Figure 6-27 shown the performance measure of AODV at different traffic loads, 10k, 50k
and 100k bytes of loads. The efficiency of PDR% is around 80%, at fixed 75 nodes, the
results shown the reliability of this protocol.

6.4.7 AODV and DSR Traffic Sent with Varying Load

The Figure 6-28 more illustrated the comparison between the two protocols when changing
loads from (10, 50, 100 k bytes).
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Figure 6-28 DSR and AODV Traffic Sent for Varying Load
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6.4.8 AODV and DSR Traffic Received with Varying Load

As shown in Figure 6-29 the comparison between traffic received about AODV and DSR
protocols when changing loads from (10, 50, 100 k bytes).
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Figure 6-29 DSR and AODV Traffic Received for Varying Load

6.4.9 Average Delay AODV and DSR with 75 Nodes -10k Load
Figure 6-30 shown the delay about two protocols when changing the load.
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Figure 6-30 AVerage Delay AODV and DSR with 10 k Load
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6.4.10 Average Delay AODV and DSR with 75 Nodes -50k Load
The delay in the following figure 6-31 increases as the load on the network increases.
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Figure 6-31 Average Delay AODV and DSR with 50k Load

6.4.11 Average Delay AODV and DSR with 75 Nodes -100k Load

The delay in the following figure 6-32 increases as the load on the network increases. Note
that it is less in DSR protocol than AODV protocol.
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Figure 6-32 Average Delay AODV and DSR with 100k Load
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The delay increases with the load and this is normal since it takes longer time to setup the
routs to destination and as it can be seen from the above Figures 6-30, 6-31 and 6-32, due
to the same reasoning that was explained previously the DSR has lower overall delay.

6.5 AODV and DSR vs Different Speeds
As nodes faster, their position changes and more routing is required to reach destination.

6.5.1 Traffic Sent Using DSR with Different Speed (1, 5 and10mps)

Traffic Sent using DSR for 75 nodes sending 1 KB of Traffic for nodes moving with
different speeds (1 mps, 5 mps and 10 mps).
The amount of traffic sent is the same for the different speeds as shown in Figure 6-33.

6.5.2 Traffic Received Using DSR with Different Speed (1, 5 and10mps)

Traffic Received using DSR for 75 nodes sending 1 KB of Traffic for nodes moving with
different speeds (1 mps, 5 mps and 10 mps).

The amount of traffic Received is the same for the different speeds as shown in Figure
6-33.
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Figure 6-33 DSR Traffic Sent and Received vs Different Speed

6.5.3 Packet Delivery Ratio Using DSR with Different Speed

Data delivery graph to DSR for 75 nodes with sending 1 KB of Traffic for nodes moving
with different speeds (1 mps, 5 mps and 10 mps), is shown in Figure 6-34.
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Figure 6-34 Performance of DSR at Different Speed

6.5.4 Traffic Sent Using AODV with Different Speed (1,5 and 10 mps)

Traffic Sent using, AODV for 75 nodes sending 1 KB of Traffic, for nodes moving with
different speeds (1 mps, 5 mps and 10 mps).
The amount of traffic sent is the same for the different speeds as shown in Figure 6-35.

6.5.5 Traffic Received Using AODV with Different Speed (1,5 and 10 mps)

Traffic Received using, AODV protocol for 75 nodes sending 1 KB of Traffic, for nodes
moving with different speeds (1 mps, 5 mps and 10 mps).

The amount of traffic Received is the same for the different speeds as shown in Figure
6-35.

M time awverade A00D% Traffic Rerrived =need 1mne rhitsrsec
W time_average A0DY Traffic Received speed Smps (bitsfsec)
O time awverace L00% Traffic Received speed 10mps (hitsrzec)
O time_awverage A0DY Traffic Sert speed 1mps (hitsisac)
O time_awverade A00DY Traffic Sent speed Smps (bitsfsec)
M time_average A0DY Traffic Sent speed 10mps (bitsisec)

T T T T T T T T T T
o 200 400 500 s00 1,000 1,200 1,400 1,600 1,500 2,000
time (sec)

Figure 6-35 AODV Traffic Sent And Received vs Different Speed

6.5.6 Packet Delivery Ratio of AODV at Different Speed

Data Delivery graph to AODV for75 nodes with sending 1 KB of Traffic for nodes moving
with different speeds (1 mps, 5 mps and 10 mps), is shown in Figure 6-36 .
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Figure 6-36 Performance of AODV at Different Speed

6.6 Discussion

These results as can be seen in Figure 6-1, and Figure 6-2, for DSR routing protocol, at
different size of data and different number of nodes, for sent and received data scenario.
However Figure 6-3 show the data delivery in percentages for DSR protocol in which, the
good and degradation of performance was occurred, due to the size of nodes used.
However from this Figure, if the number of nodes equals 25 nodes, the ratio of data
delivery was reached to 89%, but if the number of nodes are increased to 75 nodes, the pdr
will be 30%. This situation indicate that DSR protocol performs well at smaller network
scenarios.

On the other hand, another investigations carried out if AODV, routing protocol to be
applied. Figures 6-4 and 6-5 shows the data sent and received, respectively, for AODV
protocol, with different modes.

The performance criteria, by using pdr in percentages shows as in Figure 6-6, the
superiority of AODV performance, as the number of nodes increased. As can be seen, if at
number of nodes were 25 nodes the pdr was 100%, but at 75 nodes used, the pdr was 40%.
This shows the capability of AODV protocol over DSR.

Figure 6-9, show direct comparison between DSR and AODV protocols, in terms of pdr,
from this figure, a declaration of the superiority of AODV over DSR, was evident from the
results, at the number of nodes were 25.

Figure 6-10 shows the effect of average delay on DSR and AODV, from which, the
average delay for AODV seemed to be higher in it is values, and this due to longer route
discovery time, and packet drop rate is higher than the DSR protocol.

Figure 6-11 and 6-12 illustrates a direct comparison between AODV and DSR, for sent
and received data, at 50 nodes, from which more traffic received at AODV.

Figure 6-13 illustrates, the pdr for both protocols AODV and DSR, where AODV's pdr is
much higher than DSR, for data delivery is concerned.

The average delay is shown in Figure 6-14 for both AODV and DSR at 50 nodes.

Figure 6-15 and 6-16 illustrate the sent and received data for 75 nodes, for both AODV and
DSR protocols.

46



Figure 6-17 the data delivery ratio for both AODV, and DSR, at 75 nodes, from which the
pdr for AODV is much better than DSR.

Figure 6-18, shows the average delay for AODV and DSR, and this delay was higher for
AODV, if we increase, the number of nodes to 75 node, this will have same impact on
data.

Figure 6-19 and 6-20 shows, the number of hops for AODV and DSR, where the number
of hops are less for DSR than the AODV.

Figure 6-21 shows, the relationship between the number of nodes and the number of hops,
from which, the AODV, will have higher number of hops, if number of nodes increased.
The traffic loads, were increased from 10kb, 50kb, and 100kb, sequentially for DSR at 75
nodes. The throughput as indicated in Figure 6-22, will decrease as the traffic load
increase.

Figure 6-23 illustrate the effect of increasing traffic load from 10kb, 50kb, to 100kb, on
throughput the higher traffic load, the lower throughput, at 75 nodes, for the DSR protocol.
Figure 6-24, shows different capability of DSR, if the traffic loads were from 10, 50,
100kb, respectively. The DSR capability in using pdr, quize noticeable at 10kb load, but if
traffic load increased from 50 to 100kb, the performance, in terms of pdr are almost
slightly the same effect.

Figure 6-25 and 6-26, illustrate the throughput for AODV protocols, at different loads, this
protocol performs well at different loads and same number of nodes (75).

Figure 6-27 shows, the data delivery pdr, for AODV, with same number of nodes (75) and
different traffic loads. High percentage of pdr at 10kb load, but same pdr for 50, and
100kb.

Figure 6-28 and 6-29, show the throughput at different traffic loads, and same number of
nodes (75), for AODV and DSR.

Figure 6-30, shows the average delay for AODV and DSR protocols. The average delay for
both protocols at 75 nodes, at 50kb and 100kb, respectively, as depicted from Figures 6-31
and 6-32. They show the slight effect of delay.

Figure 6-33 shows the sent and received data throughput of DSR at different speeds. The
data delivery (pdr), was shown at Figure 6-34, for same number of nodes (75), at different
speeds, for DSR protocol. High pdr at 10mps, but lower pdr at 5mps and 10mps.

Figure 6-35 shows the throughput of both protocols, at different speeds. The pdr or data
delivery, shown in Figure 6-36 for AODV, at different speeds, shown high performance for
same protocol.
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Chapter Seven
Conclusion and Future Work
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Chapter Seven

7 Conclusion and Future Work

7.1 Summary of Concluding Remarks

In this research topic, a method endevours with a unique metric has been undertaken. This
metric was the data delivery ratio has been applied to two major, on demand driven
reactive protocols, to seek performance, classification (speed, load, number of nodes, etc),
and application domain. In order to follow, these establishments, two routing protocols
namely, AODV and DSR have been selected, to carryout the simulations and
investigations, and variety of pilot results have been obtained.

In the early stage of this work, a through study has been under taken. Therefore, a direct
comparison has been made, in terms of their performance measures. Simulation results
show that the AODV protocol performs better than DSR protocol, in terms of load, speed,
throughput and data delivery.

However the average delay has been evaluated, at both protocols under study, small
amount of delay has been obtained for both protocols, as indicated in Figures.

The current results showed a promising findings, in terms of throughput, for both
protocols, with superiority of AODV over DSR, and other metric measurements.

7.2 The Main Contributions

The thesis presented a unique metric, investigations, classifications, and applications of
two protocols(AODV&DSR). Henceforth, the major contributions can be catogrised in to
the following;
1. The performance evaluaions, for routing protocols.
2. Improving the performance of the AODV and DSR, in terms of data delivery
metric.
3. Evaluations and analysis of the results, in order to classify and apply the two
protocols.
4. Scenario documentations of the two protocols.
5. The applications domain, and the cost effectiveness.

7.3 The Findings of The Current Work

The work criteria, of these investigations, can represent the following findings;

1. The AODV protocol has higher metric evaluations, in terms of performance,
classification and application domain.

2. The average delay of both protocols has slight change, this might, but it has not
yet been proven, to have a direct effect on audio, image, data.

3. Data delivery metric measurement, will find it is way to performance criteria.

4. The results analysis showed that, another measurable quantities, like reliability,
durability, and cost effectiveness, will be a hand held tools to improve data,
towards proper knowledge decision making strategies.
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7.4 Future Work

Ad hoc networking is a hot topic in the research community. And there are many areas that
needs to be explored further such as:

1-

In this thesis, a comparison of two routing protocols, AODV and DSR, has been
carried out. It is proposed to compare all other routing protocols considering the
same simulation parameters so that an exhaustive comparison of various routing
protocols can be made.

Data Delivery for arbitrary data can be documented for performance, from other
table driven proactive protocols (ph.D, proposed!).

Mobile IP nodes, and data delivery can be investigated, in terms of home agent
foreign care of address, network edge data delivery for ad hoc and access point
infrastructure networks (ph.D, proposals.

More research in the field of probabilistic route maintenance is required.

50



References

10.

11.

12.

13.

14.

M. Bani-Yassein, M. Ould-Khaoua, L. M. Mackenzie, and S. Papanastasiou, "Performance
Analysis of Adjusted Probabilistic Broadcasting in Mobile Ad Hoc Networks,"
International Journal of Wireless Information Networks, vol. 13, no. 2, pp. 127-140,
2006/04/01 2006, doi: 10.1007/s10776-006-0027-0.

C. E. Perkins, E. M. Royer, S. R. Das and M. K. Marina, "Performance comparison of two
on-demand routing protocols for ad hoc networks,” in IEEE Personal Communications,
vol. 8, no. 1, pp. 16-28, Feb. 2001, doi: 10.1109/98.904895.

B. Williams and T. Camp, "Comparison of broadcasting techniques for mobile ad hoc
networks," in Proceedings of the 3rd ACM international symposium on Mobile ad hoc
networking & computing, 2002, pp. 194-205.

Y.-C. Tseng, S.-Y. Ni, Y.-S. Chen, and J.-P. Sheu, "The broadcast storm problem in a
mobile ad hoc network," Wireless networks, vol. 8, no. 2-3, pp. 153-167, 2002.

M. B. Yassein, M. O. Khaoua, L. M. Mackenzie, S. Papanastasiou, and A. Jamal,
"Improving route discovery in on-demand routing protocols using local topology
information in MANETSs,"” in Proceedings of the ACM international workshop on
Performance monitoring, measurement, and evaluation of heterogeneous wireless and
wired networks, 2006, pp. 95-99.

M. Bani-Yassein, M. Ould-Khaoua, L. M. Mackenzie, and S. Papanastasiou, "Performance
analysis of adjusted probabilistic broadcasting in mobile ad hoc networks," International
journal of wireless information networks, vol. 13, no. 2, pp. 127-140, 2006.

Y. Sasson, D. Cavin, and A. Schiper, "Probabilistic broadcast for flooding in wireless
mobile ad hoc networks," in 2003 IEEE Wireless Communications and Networking, 2003.
WCNC 2003., 2003, vol. 2: IEEE, pp. 1124-1130.

J. T. Geier and J. Geier, Wireless Networks first-step. Cisco Press, 2005.

PRASAD, P. (2016). Ro J. T. Geier and J. Geier, Wireless Networks first-step. Cisco
Press, 2005.

H. Bakht, "History of mobile ad hoc networks," SCMS, Liverpool John Moores University,
available: ww. oocities. org/humayunbakht/HMANET. pdf, 2005.

M. Kumar and R. Mishra, "An overview of MANET: History, challenges and
applications," Indian Journal of Computer Science and Engineering (IJCSE), vol. 3, no. 1,
pp. 121-125, 2012.

M. Abolhasan, T. Wysocki, and E. Dutkiewicz, "A review of routing protocols for mobile
ad hoc networks," Ad hoc networks, vol. 2, no. 1, pp. 1-22, 2004.

D. B. Johnson and D. A. Maltz, "Dynamic source routing in ad hoc wireless networks," in
Mabile computing: Springer, 1996, pp. 153-181.

D. J. Rao, K. Sreenu, and P. Kalpana, "A study on dynamic source routing protocol for
wireless ad hoc networks," International Journal of Advanced Research in Computer and
Communication Engineering, vol. 1, no. 8, pp. 522-529, 2012.

o1



15

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

. P. Manickam, T. G. Baskar, M. Girija, and D. D. Manimegalai, "Performance comparisons
of routing protocols in mobile ad hoc networks," arXiv preprint arXiv:1103.0658, 2011.

A. M. Holkar, N. S. Holkar, and D. Nitnawwre, "Investigative analysis of repudiation
attack on MANET with different routing protocols,” Int J Emerg Trends Technol Comput
Sci (JETTCS), vol. 2, no. 3, 2013.

P. Sharma and G. Singh, "Comparison of Wi-Fi IEEE 802.11 Standards Relating to Media
Access Control Protocols,” International Journal of Computer Science and Information
Security, vol. 14, no. 10, p. 856, 2016.

D. Shrivastva, S. S. Rajput, and H. Kumar, "MANET PROTOCOLS ANALYSIS WITH
VARYING PAUSE TIME SIMULATION TIME AND SPEED," International Journal of
Advanced Research in Computer Engineering & Technology (IJARCET), vol. 1, no. 8,
2012.

V. Soi and B. Dhaliwal, "Performance comparison of DSR and AODV Routing Protocol in
Mobile Ad hoc Networks," International Journal of Computational Intelligence Research,
vol. 13, no. 7, pp. 1605-1616, 2017.

B. K. Panda, J. Swain, D. P. Mishra, and B. Sahu, "Analysis of effect of mobility and
transmission power on AODV and DSR in mobile Adhoc network," in 2014 Eleventh
International Conference on Wireless and Optical Communications Networks (WOCN),
2014: IEEE, pp. 1-7.

V. Sharma, H. Singh, M. Kaur, and V. Banga, "Performance evaluation of reactive routing
protocols in MANET networks using GSM based voice traffic applications,” Optik, vol.
124, no. 15, 2013.

Megha Saxena and H. S. Chawla, "Performance Evaluation of Reactive Routing Protocols
with Malicious Behavior in MANET," International Journal of Advanced Research in
Computer Science and Software Engineering, vol. 5, no. 5, May-2015 2015.

A. Tuteja, R. Gujral, and S. Thalia, "Comparative performance analysis of DSDV, AODV
and DSR routing protocols in MANET using NS2," in 2010 International Conference on
Advances in Computer Engineering, 2010: IEEE, pp. 330-333.

D. Dhakal and K. Gautam, "Performance comparison of AODV and DSR routing protocols
in mobile ad-hoc networks: A Survey," nternational Journal of Engineering Science and
Innovative Technology (IJESIT) Volume, vol. 2, 2013.

T. Velmurugan and S. Navitha, "Relative recital of AODV and DSR Routing Protocol with
increasing the mobile nodes in MANET," International Journal of Pure and Applied
Mathematics, vol. 119, no. 16, pp. 421-438, 2018.

M. Elshebani, O. O. khalifa,S.khan, and A.Albagul,"wireless technology: current status,
and future directions", 2nd International conference On Information and Communications
Technologies, Damascus Syria, 2006.

M. Elshebani, "Communication Paradigms in distributed systems Infrastructure", the 9th
International Conference on Telecommunications on Modern Satellite, cable, and
broadcasting servies, TELSIKS, 2009, Serbia, Nis,October 7-9, 2009, pp483-486.

52



28

29.

30.

31.

32.

33.

. M. Elshebanind Abd Alhakim Alkhrabash, "Routing Schemes For Bluetooth Scatternet
applicable to Mobile ad hoc networks", The 9th TELSIKS, 2009, Serbia, Nis, October 7-9,
2009, ppt 560-563.

The CMU Monarch Project. “The CMU Monarch Projects Wireless and Mobility
Extensions to ns”. URL: http://www.monarch.cs.cmu.edu/. (1998-11-29).Work in progress.

F. Bertocchi, P. Bergamo, G. Mazzini, M. Zorzi, ‘‘Performance Comparison of Routing
Protocols for Ad Hoc Networks’’, DI, University of Ferrara, Italy.

Amr M. Hassain, MohamedIl. Youssef, Mohamed M. Zahra,‘Evaluation of Ad Hoc
Routing Protocols in Real Simulation Environments’’, Electronics and Electrical
Communications Department, Faculty of Engineering, AL-AZHAR University Cairo,

Egypt.

Nor Surayati Mohamad Usop, Azizol Abdullah, Ahmad Faisal Amri Abidin,
“Performance Evaluation of AODV, DSDV & DSR Routing Protocol in Grid

Environment’’, IJCSNS International Journal of Computer Science and Network Security,
VOL.9 No.7, July 2009.

Vahid Nazari Talooki & Koorush Ziarati, ‘‘Performance Comparison of Routing Protocols
For Mobile Ad Hoc Networks’’, Dept. of Computer Science and Engineering, School of

Engineering, Shiraz University.

53



Appendix (I)

I.1 Simulation Setup

The main method of evaluating the performance of MANETS is simulation of AODV and DSR
routing protocol. The simulation is done in OPNET 14.5. The network is taken as 1000X1000
square meters. The performance is recorded taking different

number of nodes, loads and varying speed. The nodes are placed randomly in the network.

The parameters that will be considered in this study are packet delivery ratio, end-to-end delay,
number of hop. The network topology that was used to setup the scenarios consists mobile nodes
and base station,. Each scenario will have number of parameters set for the base station. In total 18
scenarios were set up that used varying capacity, loads and mobility.

Methodology of this study is:
e Create a MANET cell network with different capacities.
e Deploy MANET Traffic to be transferred between nodes with different loads.
e Examine the performance of ad-hoc Routing protocols in static conditions.

e Configure MANET nodes to move with different speeds.

1.2 Standard Scenarios
Following is a description of the 18 scenarios that have been implemented for this study:
Scenario 1

This scenario is setup for a 25 nodes that are randomly distributed using DSR protocol in order to
test the performance of the setup MANET under this protocol in terms of end to end delay, packet
delivery ratio. The setup parameters for this scenario are shown in Figure 1-1.
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Figure I- 1 MANET 25 Nodes Topology

Then the ad-hoc routing protocol parameters are defined and configure the ad-hoc routing protocol
to be DSR. In the MANET traffic generation parameters, add a row to specify the traffic
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transmitted between nodes, with packet size 1kB, and put the destination IP random, as shown in
Figure 1-2.
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Figure I- 2 MANET Traffic Generation
Scenario 2

In this scenario the same steps are repeated as in scenario 1 with an increase in the number of nodes
to 50 nodes that are randomly distributed using DSR protocol with no mobility in order to test the
performance of the setup MANET under this protocol in terms of end to end delay, packet delivery
ratio. The setup parameters for this scenario are shown in Figure 1-3.

’ Wireless Deployment Wizard - Topology “
4"
¥ > (( ) = , @ > -
& Lo @ e Il
gr“:::?;z Location Technology Topology M.:bobi‘?t?ty cosf“:i"?:‘“':so"

Select the number of nodes for each cell in your wireless network. You can also specify the node
model for your Gateway(s) and Mobile Nodes.

| Gateway | Mobile Node
Node Model | wian_ethemet_slip4_adv | | manet_station |
Court (per<ell) 1 | 50 — |
Node Name Prefix [Gateway Mobile

[¥ Connect all Gateways (via serial interfaces) using a backbone network

Figure I- 3 MANET 50 Nodes Topology Configuration

The Topology now appears like as Figure 1-4.
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Figure I- 4 MANET 50 Nodes Topology

Scenario 3

In this scenario the same steps were repeated as the case for scenarios 1 and 2 with a change in the
number of nodes to 75 nodes that are randomly distributed using DSR protocol with no mobility in
order to test the performance of the setup MANET under this protocol in terms of end to end delay,
packet delivery ratio. The setup parameters for this scenario are shown in Figure I-5. The scenario
was run for 1800 seconds.

E3 Wireless Deployment Wizard - Topology

analls

Select the number of nodes for each cell in your wireless network. You can also specify the node
model for your Gateway(s) and Mobile Nodes.

Gateway Mobile Node
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Figure I- 5 MANET 75 Nodes Topology Configuration
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The Topology now appears like as Figure 1-6 .

Scenario 4

This scenario is setup for a 25 nodes that are randomly distributed using AODV protocol with no
mobility in order to test the performance of the setup MANET under this protocol in terms of end
to end delay, packet delivery ratio. The setup parameters for this scenario are shown in Figure 1-7.
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Figure I- 7 AODV Protocol Parameters Configuration
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Scenario 5

This scenario is the same as scenario 4, except the number of nodes was increased to 50 nodes that
are randomly distributed using AODV protocol with no mobility in order to test the performance of
the setup MANET under this protocol in terms of end to end delay, packet delivery ratio.

Scenario 6

This scenario is the same as scenarios 4 and 5, except that the number of nodes was increased to 75
nodes that are randomly distributed using AODV protocol with no mobility in order to test the
performance of the setup MANET under this protocol in terms of end to end delay, packet delivery
ratio.

Scenario 7

In this scenario, the number of nodes is set to 75 nodes that are randomly distributed using DSR
protocol with no mobility with a traffic load of 10kb (10240 bits) in order to test the performance
of the setup MANET under this protocol in terms of end to end delay, packet delivery ratio. The
setup parameters for this scenario are shown in Figure 1-8.
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Figure I- 8 (10kb) Load Setup DSR Protocol
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Scenario 8

This scenario is setup for a 75 nodes that are randomly distributed using DSR protocol with no
mobility with a traffic load to be 50kb (51200 bits) to test the performance of the setup MANET

under this protocol in terms of end to end delay, packet delivery ratio.

Scenario 9

This scenario is the same setup for scenarios 7 and 8 with varying traffic load 100kb (102400 bits)

and 75 nodes using DSR protocol with no mobility.

Scenario 10

In this scenario, the numbers of nodes were set to be 75 nodes that are randomly distributed using
AODV protocol with no mobility with setting the traffic load to be 10kb (10240 bits) to test the
performance of the setup MANET under this protocol in terms of end to end delay, packet delivery

ratio. The setup parameters for this scenario are shown in Figure I-9.
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Figure 1- 9 (10kb) Load Setup AODV Protocol
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Scenario 11

This scenario is the same setup for scenario 10 with varying traffic load 50kb (51200 bits) and 75
nodes using AODV protocol with no mobility.

Scenario 12

This scenario is the same setup as for scenarios 10 and11 with varying traffic load 100kb (102400
bits) and 75 nodes using AODV protocol with no mobility.

Scenario 13

In this scenario the mobility configuration is applied to the mobile MANET nodes by DSR protocol
for 75 nodes sending 1 KB of traffic for nodes moving with speed (1 mps), as shown in Figure I-
10, and test the performance of the setup MANET under this protocol in terms of end to end delay,
packet delivery ratio.

' (Mobility_Config) Attributes =)
Type: [Uﬁlilies
[ndostan 1 ’ Aftribute Value :]
mﬂ MRLS Mool 5 Mobig 131 = Qefault Random Waypoint
=T | i M2 Mable 143 B ®  -ProfileName Default Random Waypoint
B(Mabil:_l_ﬁ L Hd E Mobie_1, ZlB Mﬁg‘ 2 ® MoblllryModel RandomWaypoint
= - - ; i (€l = Rendom Weypoint Paramet. I8
Mobie_1_1 EE Moble_1_28 Emﬂ% 5 E‘ ® ---Mob|l|tyDoma|n Name wdomain 1
E ﬂ E ok ® Fx_min (meters) 00
Mol 17, Voble_1_16 Moble_1_46 vobie 1. 26|l @ Ey_min (meters) 00
I < ® x_max (meters) 500
E- Mobie_1 4 E’ g M‘g‘ i : ® iy_max (meters) 500
- ¥ w l 5 L] g = »
=g R gl S e
Mobie 1.1t ; Mobe_1 i
mhk_x_tz)ﬂ E‘ Mabig 113 Q‘m-‘-” - ® ~Start Time (seconds) constant (30)
Eflm_t_u E s} 5 5 M;l ® +~Stop Time (seconds) End of Simulation
B‘ ﬂ Moble133  Mobie 143 m&ﬁx r =4 ® i-Animation Update Freque... 1.0
Woers o Mebel? g i ® Record Trajectory Disabled
- E & Moble_1_40 ﬂlmhh ® Random Waypoint (Record Tr... ... Il
Hole 134 g E L L # Static L]
mbi‘l-gx £ = E E [~ Advanced
e Moble 134 Mobie 1 44 @ [— Filter I Ap :
Applyto selected objects
[ Exactmatch TI e I

Figure I- 10 MANET Mobility Configuration With DSR for 1mps Speed

Scenario 14 and 15

In these scenarios the same steps were repeated as in scenario 13 with varying speed to

(5,10 mps) by DSR protocol, as shown in Figure 1-11.
Scenario 16,17,18

In these scenarios the mobility configuration was applied to the mobile MANET nodes by AODV
protocol for 75 nodes sending 1 KB of Traffic for nodes moving with speed (1,5 and 10 mps), and
test the performance of the setup MANET under this protocol in terms of end to end delay, packet
delivery ratio, the same last steps will repeat with varying the protocol to AODV.
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Figure I- 11 MANET Mobility Configuration With DSR Protocol (5&10 mps)
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