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Abstract

A mobile ad hoc network is a collection of decentralized, autonomous nodes or terminals 
that communicate each other over wireless links. Each node in the network acts as a host 
as well as a router, forwarding packets according to a routing protocol. To complete the 
task, three routing protocols are considered, which includes Ad hoc On Demand Distance 
Vector (AODV), Dynamic Source Routing (DSR) and Temporarily Ordered Routing 
Protocol (TORA).

The research describes the performance of the three routing protocols in different 
network situations, specially varying the size of the networks. AODV shows a 
considerable better performance over the others for any number of nodes. TORA and 
DSR show moderate performance for minimum number of nodes, where in the case of 
large networks, DSR shows some performance rather than TORA. OPNET Modeler 10.5 
is used to model the network and to simulate the protocols. The thesis will show a future 
performance improvement for more routing protocols using OPNET Modelers or other
Network Simulators.

Keywords: Ad hoc, AODV, DSR, TORA, OPNET. 
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Chapter 1 : Introduction

1.1 Background

MANET (Mobile ad hoc network) is a temporary self organizing system formed by a 
collection of nodes, which are connected with wireless links. In the network, nodes may 
be disappeared or new nodes may be appeared over the time due to node mobility. 
Random Waypoint Mobility Model is used in this regard [20].

In the recent years, many researchers are contributing to the improvement of the 
performance of routing protocols in MANET. IETF (The Internet Engineering Task 
Force) created a working group in 1996 to deal with the MANET research [14]. 

MANET working group (WG) proposed two classes of protocols, which include reactive
and proactive protocols. The three protocols that are using in this research are reactive
which generate route discovery schemes when needed and thus they need smaller route 
discovery overheads.

1.1.1 Objectives and Goals

The objective of this master thesis is to evaluate the performance of wireless ad hoc 
network routing protocols specially AODV, DSR and TORA through a theoretical and 
simulation study. After completing the thesis, the achievements should be,

1. General understanding of different ad hoc networks
2. Generate and analyze a simulation environment for different performance metrics.
3. A strong theoretical background for MANET routing protocols.
4. Drawing a conclusion for the best performance routing protocols using some 

specific network scenarios.

OPNET Modeler 10.5 version is used to simulate the performance of protocols. This 
simulator provides a graphical user interface to build models in an object oriented 
approach.

1.1.2 Thesis Outline

The overall thesis work concerns about Ad Hoc Networks which are fully wireless.

The thesis continues with the following chapters,
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Chapter 2: Basic Concepts- This chapter details the description of ad hoc networks and 
gives an overview of MANET characteristics. The chapter also describes the practical 
applications of ad hoc networks.

Chapter 3: Routing protocols in Ad Hoc Network- This chapter deals with the routing 
protocols, their types and a detail theoretical study of the three protocols used in this 
research.

Chapter 4: Simulation Environment- This chapter deals with the practical work 
concerned on overall simulation process, simulation model, performance metrics, 
simulation parameters and so on.

Chapter 5: Simulation Results and Analysis- The chapter deals with analyzing simulation 
results and find out the performance difference of different protocols based on metrics.

Chapter 6: Conclusion- Conclusion of the thesis with proposed future works.

Chapter 7: References.

1.1.3 Related Work

Many researchers around the world, proposed many routing protocols 
[3][4][8][9][10][11][13] and showed their performance metrics sometimes on the same 
metrics and sometimes on different metrics. In most of the research, they used NS-2 and 
some others used OPNET Modelers as a network simulator. 

In the article “A Performance Comparison of On-Demand Routing Protocols for 
Application Data in Mobile Ad hoc Networks” [3] by Kil Sup Lee, Sung Jong Lee and 
Yeon Kin Chung, they focused on the performance of AODV, DSR, TORA for different 
application data such as sensors for temperature, velocity, etc., text, voice and video for 
20 mobile nodes on OPNET Modeler 10.0. 

A mini project “Performance Analysis of Ad hoc On-demand Distance Vector routing 
(AODV) using OPNET Simulator” [5] by Anipakala Suresh, 11th April 2005, focused on 
performance analysis of AODV network for both UDP and TCP traffics separately. For 
UDP, he used unidirectional video streaming and for TCP, he used file download via 
FTP. 

An article “Performance Comparison of Routing Protocols for Mobile Ad hoc Networks” 
by Vahid Nazari and Talooki Koorush Ziarati, the researchers focused on the 
performance comparisons for four protocols DSDV, AODV, DSR and TORA by a 
simulator ns-2 using pause time. A variety of workloads and scenarios are used to make 
the performance difference of the protocols. They used network load deviation to 
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compare the protocol performance in load balance metric. They took average value to 
compare the end to end delay. 
  
A Master’s thesis in Computer and Engineering “Routing Protocols in Wireless Ad-hoc
Networks – A Simulation Study” by Tony Larsson and Nicklas Hedman in Lueleå 
University of Technology, the researchers focused on the performance of different 
protocols based on node mobility, offered load (load for packet size, number of CBR 
flows, sending flows rate) and network size through a simulation process in network
simulator-2.
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Chapter 2 : Basic Concepts

2.1 Ad Hoc Networks

A wireless ad hoc network is a multi hop network that is a collection of mobile or 
sometimes stationary nodes connected with bandwidth constrained wireless links i.e. 
every node should have wireless interfaces and thus have their own transmission ranges, 
forming a decentralized ad hoc network. Laptop computer or Personal Digital Assistance
(PDA) can be the example of the nodes in a wireless ad hoc network. A node can leave 
the network or enter into the network whenever it wants. There is no central 
administration and for that, each node forwards packets according to a routing protocol. 
A node in an ad hoc network is a host as well as a router.

An ad hoc network is a network capable of adjusting itself in the change of routing 
topology in time. If any route is disturbed by the link failure or something, the station 
calls a route discovery function to find out an alternative route and forward the packet in 
the way of that route. To find out the way, a packet should be forwarded. Different 
routing protocols are available but only one protocol should be fixed before the network 
becomes operational.

Figure 2.1 : A Typical Ad hoc Network

In the figure 2.1, a typical ad hoc network with three participating nodes is shown, where 
node1 can not send packets directly to the node3 because they are not in the same 
transmission range. Node1 first sends the packet to node2 and node2 acts as a router,
forwards the packet to node3 as they are on the same transmission range. There is no 
central administration and according to the figure 2.1, it is a clear that change of node 
mobility changes the routes.
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2.2 MANET Characteristics

1. To characterize the MANET, the first considerable matter is that MANET works
in a mobile platform and nodes change their positions frequently because of the 
characteristics of nodal mobility.

2. Energy Conservation is another important characteristic for a MANET as most of 
the nodes use batteries or some other means for their power supply.

3. MANET suffers from many security threads like other typical wireless networks. 
From the routing point of view, MANET has two main types of attacks, one is 
external attack and the other one is compromised nodes attack. In the external 
thread, error information can divide the network or can make heavy load in some 
parts of the network as a result of retransmission and inefficient routing. To 
protect from these types of attacks, digital signatures can be used but this is not 
efficient in second types of attacks [15].

The second type of attack is a thread generated by mutual agreed nodes. They 
advertise wrong information for other nodes but use digital signature between the 
agreed nodes as a private key. To protect the MANET from these attacks, routing 
protocols can use some outdated information and the false information will be 
considered as those outdated information [15].

4. Routing in MANET is quite complex than routing in a traditional wireless 
network because MANET is not infrastructure based, it is self formed, self-
organized and decentralized.

2.3 MANET Applications

1. The basic application of MANET is a situation where there is no readily available 
infrastructure found and the network sizes are configured quickly and 
dynamically.

2. MANET has some extensive applications in the real world and one of the most 
useful applications is military environment where soldiers can communicate each 
other in enemy areas no matter what is the place. It might be the battle field, tank, 
planes, etc. 
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Figure 2.2: MANET Application in Military

3. In personal area networking such as cell phones, PDA, Laptop, wrist watches, etc.
MANET can be used.

4. In some emergency cases such as rescue from natural calamities, airplane crashes, 
police matters, fire fighting, etc. MANET is extensively used.

5. MANET has an important application in public services such as taxi cab network, 
conferencing, boat network, sports management in a stadium, etc. 

6. Recently MANET is using as home service intelligent device [21].
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Chapter 3 : Routing Protocols in Ad Hoc Networks

3.1 What is Routing

In general routing means traversing information from source to destination in an 
internetwork. There should have at least one intermediate node within the network.

There are two important goals in routing. They are:

1. Determining the best path
2. Source node or intermediate node, who will decide the path.

To optimize the path three important factors are considered,

1. Shortest path for minimum number of hops
2. Shortest time for minimum latency
3. Shortest weighted path by utilizing bandwidth, available power, etc.

In general source node decides the entire path and intermediate nodes generally forward 
the packets in source routing but this is not the case for hop-by-hop routing. In hop-by-
hop routing, source node only specify the destination of a route in the packet header and 
intermediate nodes decide the next hop by inspecting their internal routing tables.

3.2 MANET Routing

In MANET, only the hosts within the transmission range in a time can communicate each 
other. Frequent mobility of the nodes can change routes. 
MANET has qualitive and quantitive properties. 

3.2.1 Distributed Operation (Qualitive)

The routing protocols used in MANET, must have distributed operability. There will be 
no central administration. Any node in the network can join or leave the network 
whenever it wants.

3.2.2 Loop Freedom (Qualitive)

The protocols should ensure loop free routing for CPU utilization and increase of overall 
network performance.
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3.2.3 Demand Based Routing (Qualitive)

The protocols used in MANET should be reactive. That means when a node finds any 
disturbance in the predefined route then only it calls route discovery function to find a 
new route and thus limiting the total routing overhead.

3.2.4 Security (Qualitive)

The routing protocols should have some sorts of preventive measure to protect a MANET 
from impersonation attacks. Authentication and encryption might be the possible to 
ensure security in MANET. 

More of that the routing protocols used in MANET should have the ability to support in 
sleep period operation and unidirectional link support.

3.2.5 End to End Throughput (Quantitive)

MANET has the property to find out its number of successful packets received at the 
final destination per unit time.

3.2.6 Delay (Quantitive)

The average time taken in a network to reach a packet to its destination.

3.2.7 Route Discovery Time (Quantitive)

The mean time required in a network to find out a route to forward packet to destination.

3.2.8 Memory Byte Requirement (Quantitive)

The storage required in bytes to store routing tables or other management tables.

3.2.9 Network Recovery Time (Quantitive)

The time required to settle down the network again after a condition. The conditions 
might be anything such as some parts of network may be collapsed due to heavy load or 
communication can be broken due to heavy mobility of nodes.
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Other than this, MANET has some important routing features which includes,

1. MANET does not make any difference between router and nodes.
2. MANET is a self organizing network.
3. MANET has routing protocols can adjust quickly in topology changes.
4. MANET is a self starting network. It does not need any central control.

      

3.3 Protocol Classifications 

There are many ways to classify the MANET routing protocols. Depends on how the 
protocols handle the packet to deliver from source to destination, most of the protocol 
classifications are made on [7].

3.3.1 Proactive Routing

These types of protocols are called table driven protocol. In the routing, the route is 
predefined. Packets are transferred to that predefined route. In this scheme, packet 
forwarding is faster but routing overhead is greater because one has to define all of the 
routes before transferring the packets. Proactive protocols have lower latency because all 
routes are maintained at all the times.

Examples of proactive are DSDV (Destination Sequenced Distance Vector), OLSR 
(Optimized Link State Routing).

3.3.2 Reactive Routing

These types of protocols are called On Demand Routing Protocol. In the routing, the 
routes are not predefined. A node calls for route discovery to find out a new route when 
needed. This route discovery mechanism is based on flooding algorithm which employs 
on the technique, a node just broadcasts the packet to all of its neighbors and intermediate 
nodes just forward the packet to their neighbors. This is a repetitive technique until 
reaches to destination, reactive techniques have smaller routing overheads but higher 
latency because a route from node A to node B will be found only when A wants to send 
to B.

Examples of Reactive are DSR, AODV, TORA.   
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3.3.3 Hybrid Routing

Hybrid protocols are the combinations of reactive and proactive protocols. It takes 
advantages of these two protocols and as a result, routes are found very fast in the routing 
zone.  

ZRP (Zone Routing Protocol) is an example of Hybrid protocol, which divides the entire 
network into some routing zones and the two independent protocols operate inside and 
between the zones.

3.3.4 Multipath and Single Path Routing

In mutipath routing, route discovery overhead is much more than single path routing but 
number of route discovery is less than that of single path routing. Multipath routing can 
distribute the load very efficiently and a better throughput is achieved [7].                                                     
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3.4 Ad hoc On Demand Distance Vector (AODV)

Ad hoc on demand distance vector is a hop-by-hop protocol where intermediate nodes 
use their routing tables to determine the next hop in the way to destination. The 
difference of AODV with traditional DV (Distance Vector) algorithm is that, AODV is 
reactive rather than proactive, that means AODV only calls route discovery function 
when needed. Routing information is not included in the packet header; intermediate 
nodes contain routing tables of their own to indicate routes.

AODV supports only one route to reach destination and thus it is easy to modify AODV. 
AODV uses Hello messages to know each neighbor node of a node alive and thus 
significantly increasing routing overhead. Every node in AODV uses a reverse path track 
when it receives a RREQ and thus AODV does support bidirectional links.

3.4.1 Routing Table Contents

Every node in the AODV network contains information about the current route by 
keeping the following data:

1. IP Address: Destination node IP address.
2. Destination Sequence Number: Sequence number for destination to prevent 

routing loops.
3. Hop Count: Number of hops to destination.
4. Next Hop: The next hop designated to forward the packet in a route.
5. Life Time: The valid time for a route.
6. Active Neighbor List: Active neighbors using a particular route.
7. Request Buffer: Be sure that one request will be processed once. 

3.4.2 Route Discovery in AODV

A node in AODV network calls for route discovery function to find out the route to the 
destination when the destination is unknown to it.

RREQ (Route Request) is a special message or packet that is broadcasted by source for 
specific destination.

RREP (Route Reply) is a message or packet that is unicasted by destination to source. 
Intermediate nodes create next-hop entry for destination and forward the reply. Source 
nodes may receive multiple replies and then it selects the one with minimum hop count.

After broadcasting RREQ, a node waits for RREP and if no RREP is found, the node 
rebroadcasts RREQ or decides there is no route available at all. Each node keeps 
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temporary route information in its routing table where the next hop is the ip address of 
the neighbor who sent the packet.

    

Figure 3.1: RREQ in AODV                      Figure 3.2: RREQ and reverse path in 
                                                                                         AODV

             

       

Figure 3.3: Reverse Path setup in AODV        Figure 3.4: Route Reply in AODV
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Figure 3.5: Data is sent to the path in AODV

This is the scenario of how AODV works. In the figures, S is the source and G is the 
destination. Node S starts sending RREQ by broadcasting the packet and every 
neighboring node continue the process until destination node G is found. Each time an
intermediate node is getting RREQ, setting up backward path information and finally,
RREP indicates the route from destination to source. Data is forwarded then according to 
that path.

3.4.3 Route Maintenance

When any node finds out any of its link failure to the neighbor which is active on the 
route, generates a route error message (RERR) and broadcast the message to the active 
member neighbors. This is a recursive procedure until the affected source will receive the 
message and generates a new RREQ for an alternative route.
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3.5 Dynamic Source Routing (DSR)

This is a protocol where intermediate nodes forward packets originated from source 
according to the path mentioned in the packet header to a specific destination. Routes are 
maintained between source and destination and thus reducing routing overhead but 
packet header size gradually increased due to source routing [8] i.e. keeping routing 
information in the packet header during its traversal in the route. DSR uses loop free 
routes, supports unidirectional links and asymmetric routes.

Dynamic Source Routing is a reactive protocol composed of two mechanisms route 
discovery and route maintenance. These two techniques are operated on demand.

3.5.1 Route Discovery

Route Discovery is a mechanism where source S wants to send a packet to a destination 
D. In DSR, source initiates the route in the packet header.

Figure 3.6: RREQ and reverse path setup       Figure 3.7: RREP and Data path in DSR  
                    in DSR                                                             

                                                                                          
The operation of DSR Route Discovery is like that, S is the source, broadcasts RREQ and 
the nodes B,C,D receive RREQ because they are on the same transmission range. Each 
RREQ contains source id, destination id and a unique request id. RREQ also contains the 
information of intermediate nodes through which it traversed.

When the destination node receives the RREQ, it generates a RREP message to the 
source with the copy of routing information found in RREQ. Source then stores the 
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routing information in its routing cache to provide the route for consequent data packets 
to destination. DSR allows unidirectional or asymmetric links. In that case, the 
destination needs to call a route discovery to find out a route from destination to source to 
forward RREP. Links must be bi-directional if IEEE 802.11 is used to send data.

3.5.2 Route Maintenance

Route maintenance is a mechanism where source will know if network topology is 
changed or any link in a route is broken. Any intermediate node found the link breakage 
with its neighbor, sends a RERR message to the source. In this case source may use 
another route if it knows otherwise it calls route discovery function to find out a new 
route.
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3.6 Temporarily Ordered Routing Algorithm (TORA)

TORA is a fully distributed routing protocol in a multi hop network, i.e. there is no 
central administration and each router keeps information of its adjacent routers only. 
TORA has a minimum reaction in topological changes which depends on Internet
MANET Encapsulation Protocol [10]. TORA has the characteristics of loop free and 
multipath routing, minimized communication overhead, scalability, composed of reactive
and proactive routing and maintenance [8]. TORA uses first route finder algorithm to 
find routes.

To describe the operation of TORA, three main functions that TORA does are:

1. Route Creation
2. Route Maintenance
3. Route Erasing

3.6.1 TORA Operation

TORA assigns directional links in an undirected network or a portion of the network with 
central focus to destination. In another word, building a Directed Acyclic Graph (DAG) 
is the target of TORA in route creation function.   

Figure 3.8: A Directed Network that TORA makes in Route Creation

In the network, an associate height is given to each node and packets are traversed only 
from higher height node to smaller height node. When any node finds no route to the 
destination in its downstream, it generates QRY (Query) message to discover route. The 
QRY message traverses the network until it finds the destination or any node that has the 

T Target Node
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path to destination. The node then broadcasts an UPD (Update) message to inform others 
about its height. The other nodes than update their own heights according to UPD. This 
process may cause a number of directed links or route from the QRY originator node.

Any topological changes, TORA can react in re-establishment of a route within a finite 
time. All the links partitioned from the destination are assigned undirected and erased by 
a clear (CLR) message [10].
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Chapter 4 : Simulation Environment

It is very difficult to estimate the performance of a proposed network in real life and as a 
result, many network simulators have been proposed to design and simulate networks in 
many perspectives. NS-2 (Network Simulators-2) and OPNET (OPtimized Network 
Engineering Tools) are the two very well-known simulators. NS-2 is open source 
software and anyone can contribute to the development of NS-2. On the other hand, 
OPNET is a commercial simulator where the kernel source code is not open for all but it 
has a comprehensive development environment to design and simulate network models. 

In the thesis, simulation is performed on OPNET Modeler 10.5 [4] and the protocols 
AODV, DSR and TORA of MANET models are available in the version. 

4.1 How OPNET Works

Figure 4.1: OPNET Workflow

Choose statistics

Run Simulation

Analyze Results

Create Network 
Specification

Create Network 
Re-Specification
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Before doing any simulation, one first creates the network model and then chooses 
statistics to specify the network. Simulation is done according to pre specified simulation 
parameters and results are collected. If any correction required, network re-specification 
is considered before choosing statistics again [5].  

4.2 Simulation Study 

In the simulation, a 400 x 400 meters square geographical area is selected with varying 
number of MANET workstations where 40% of the total nodes are source-destination 
pairs. One third of the total nodes in any scenario are mobile nodes, moving according to 
Random Waypoint Mobility Model [20]. This model is commonly used in Ad hoc 
network simulations. A predefined trajectory “manet_down_left” is used in every 
network. Each mobile node waits for 260 seconds and starts moving along the path 
defined in the trajectory. The rest of the nodes are stationary nodes. Many different 
networks of different protocols, for 20, 50, 70, 100, 150, 200 nodes are made to make the 
scenarios. Sources start traffic generations exponentially at 100 seconds and continue till 
the end of the simulations.

The performance metrics selected to make the performance differences are:

1. Total Traffic Received 
2. Traffic Load
3. Throughput
4. Number of Hops Per Route
5. Route Discovery Time
6. IMEP Control Traffic Received for TORA
7. IMEP ULP Traffic Received for TORA

Two approaches are used to analyze the simulation results are:

1. Performance difference between AODV, DSR and TORA.
2. Performance difference between different network sizes of the same protocol.

4.3 Simulation Parameters

Simulation Duration: 30 minutes (i.e. maximum duration of the simulation is 30 
minutes)
Seed: 128 (i.e. 128 is the initial integer number of random number generation)
Values Per Statistics: 100 (i.e. 100 values are collected in each statistics)
Update Interval: 500000 events (i.e. 500000 events interval, at which status reports in 
the Message Display is updated in the course of the simulation)
Simulation Kernel: Based on ‘kernel-type’ performance “Development” (i.e. the 
simulation uses a development version of the kernel) 
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Chapter 5 : Simulation Results and Analysis

5.1 Traffic Received among AODV, DSR and TORA

Based on MANET Traffic Received between the protocols for different network sizes, 
the following figures show packets received per second. For 20 nodes, after 8-10 minutes, 
the figure shows, AODV and DSR receiving almost the same number of packets where 
TORA receiving almost the half of them. The packet receiving performance of AODV 
and DSR increasing exponentially as increasing the number of nodes. For 150-200 nodes, 
the figures show, the performance curves for DSR is downward after 5 minutes 
simulation but for AODV, the curve is upward. For more scenarios, see Appendix A.

Figure 5.1 : MANET Traffic Received for 20 nodes among AODV, DSR and TORA
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Figure 5 .2: MANET Traffic Received for 100 nodes among AODV, DSR and TORA

Figure 5.3: MANET Traffic Received for 150 nodes among AODV, DSR and TORA
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5.2 Average Traffic Received for different loads of TORA

In the figure, we see different curves for ULP Traffic Received for different loads. Up to 
100 nodes, TORA receives packets and after that receiving performance is negligible.

Figure 5.4: Average Traffic Received for different loads of TORA Network

5.3 Route Discovery Time and Number of Hops between AODV 
and DSR

Based on number of hops required and route discovery time between AODV and DSR, 
the following figures show that for any number of nodes, AODV performing better than 
DSR. For 150 nodes, route discovery time ranging from 2.5 seconds to 3.8 seconds for 
DSR throughout the simulation and that’s why DSR needs more hops than AODV in 
every route. AODV has an excellent performance, taking less route discovery time and 
less number of hops per route. See Appendix A for more scenarios.
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Figure 5.5: Route discovery Time for 50 nodes between AODV and DSR

Figure 5.6: Route discovery Time for 100 nodes between AODV and DSR
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Figure 5.7: Route discovery Time for 150 nodes between AODV and DSR

Figure 5.8: Number of Hops for 50 nodes between AODV and DSR
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Figure 5.9: Number of Hops for 100 nodes between AODV and DSR

Figure 5.10: Number of Hops for 150 nodes between AODV and DSR



34

5.4 Wireless LAN load and Throughput among AODV, DSR and 
TORA

Based on Wireless LAN Load and Throughput, the following figures show that, for 
different number of nodes, loads are varying compared to each other. In the case of 100 
nodes, load for TORA network is higher than AODV and DSR, but for 150 nodes, load 
for DSR network increased alarmingly. For any load, AODV is showing a considerable 
good performance. For a small network such as 20 nodes network, AODV has a good 
throughput compared to DSR and TORA. For a large network such as 150 nodes or 200 
nodes, TORA has a minimum throughput where AODV is performing well. See 
Appendix A for more scenarios.

Figure 5.11: Wireless LAN load for 20 nodes among AODV, DSR and TORA
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Figure 5.12: Wireless LAN load for 50 nodes among AODV, DSR and TORA

Figure 5.13: Wireless LAN load for 150 nodes among AODV, DSR and TORA
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Figure 5.14: Wireless LAN throughput for 20 nodes of AODV, DSR among TORA

Figure 5.15: Wireless LAN throughput for 50 nodes of AODV, DSR among TORA
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Figure 5.16: Wireless LAN throughput for 150 nodes among AODV, DSR and TORA

5.5 MANET Traffic Received for different loads of AODV 
Networks

Based on Traffic Received for different number of nodes of AODV network, the 
following figures show that, an increased number of nodes, the packet received per 
second is increasing. After 15-18 minutes, every curve is getting a steady state condition.

Figure 5.17: MANET Traffic Received for different loads of AODV Networks
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5.6 Average Route Discovery Time and Number of Hops for 
Different Loads of AODV Networks

Figure 5.18 and 5.19 show required number of hops per route and route discovery time
for AODV. For every network, in the beginning of simulation, there is a peak for number 
of hops because of route discovery and after that, the number of hops ranging between 1 
and 2. 

Figure 5.18: Average Route Discovery Time for Different Loads of AODV Networks

Figure 5.19: Average Number of Hops Per Route for Different Loads of AODV 
Networks
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5.7 Wireless LAN Load and Throughput for Different Number of 
Nodes in AODV Networks

Figure 5.20 and 5.21 show loads and throughputs of different AODV networks. 
Increasing the number of nodes increase loads and throughputs. For 200 nodes, 
throughput is much higher than that of 20 nodes network.

Figure 5.20: Wireless LAN Load for Different Number of Nodes in AODV Networks

Figure 5.21: Wireless LAN Throughput for Different Number of Nodes in AODV 
Networks
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5.8 Average MANET Traffic Received for Different Loads of DSR 
Networks

In the case of MANET Traffic received for DSR networks, increasing the number of 
nodes up to 100, traffic received exponentially. For 150 and 200 nodes, 0-10 minutes in 
the simulation, MANET receives 15-22 packets per second, but as simulation goes 
forward, traffic receiving performance curve is going downward. For 100 nodes, there is 
an exponential traffic receiving curve found over time.

Figure 5.22: Average MANET Traffic Received for Different Loads of DSR Networks

5.9 Average Route Discovery Time and Number of Hops for 
Different Loads of DSR Networks

In the figure 5.23 and 5.24 for more nodes, DSR needs more route discovery times and as 
a result more number of hops required per route.
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Figure 5.23: Average Route Discovery Time for Different Loads of DSR Networks

Figure 5.24: Average Number of Hops Per Route for Different Loads of DSR Networks



42

5.10 Wireless LAN Load and Throughput for Different number of 
nodes of DSR Networks

In the case of Wireless LAN load and throughput, increased number of nodes creates 
increased loads and increased throughputs.

Figure 5.25: Wireless LAN Load for Different number of nodes of DSR Networks

Figure 5.26: Wireless LAN Throughput for Different Number of Nodes of DSR 
Networks
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5.11 Average IMEP ULP Traffic Sent and Received of TORA 
Networks

In the figure 5.27 and 5.28 describe ULP Traffic sent and receives for different network 
loads. For 70 nodes, TORA has highest rate of packet received per second. TORA 
receives negligible packets for both minimum or maximum number of nodes. The 
behavior of TORA varies from load to load due to the fact that TORA created DAG
(Dynamic Acyclic Graph) in the route creation procedure. It always keeps alternative 
paths for any message delivery and therefore a lot of control overheads are made.

Figure 5.27: Average IMEP ULP Traffic Sent of TORA Networks

Figure 5.28: Average IMEP ULP Traffic Received of TORA Networks
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Chapter 6 : Conclusion

The latest OPNET Modeler 10.5 provides only AODV, DSR and TORA MANET 
models, which are the most commonly used models in Ad hoc routing. In the thesis, 
simulation is done based on two approaches. One, the performance difference is made 
between three protocols for different number of nodes and the second, based on different 
number of nodes on the same protocol. In the research, I performed a detail analysis of 
the behavior of protocols based on some important metrics such as traffic sent and 
received, route discovery time and number of hops per route, load and throughput, IMEP 
ULP traffic sent and received. The network load is selected for 20, 50, 70, 100, 150, 200 
nodes in which one third are mobile nodes and the rest of them are stationary nodes. 
Multiple sources and destinations are used in every scenario. 

AODV and DSR receive traffics for any number of nodes but TORA creates a lot of 
loads in large networks like 100, 150, 200 nodes and can not receive considerable 
traffics. As a result, AODV and DSR have better performance than TORA for maximum 
as well as minimum number of nodes. But above of all, AODV is showing the best 
performance over the others in every respect.

6.1 Future Study

Ad hoc network routing is a hot research field in the communication area. Many 
researchers around the world are contributing to the development of the performance of 
protocols. 

Recommendations for future studies are:

1. Only Random Waypoint Mobility Model is used in the research due to the 
limitation of OPNET Modeler. Different Mobility Models with varying mobility 
of nodes should be measured.

2. More MANET protocols should be included in OPNET to versatile the 
performance evaluation.

3. Security issues should be considered in Ad hoc routing. OPNET Modeler should 
have distributive security features.   
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Appendix A : Additional Performance Difference

A.1 MANET Traffic Received for 50 and 200 nodes of AODV, DSR 
and TORA

Figure A.1: MANET Traffic Received for 50 nodes among AODV, DSR and TORA

  

Figure A.2: MANET Traffic Received for 200 nodes among AODV, DSR and TORA
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A.2 Route Discovery Time and Number of Hops for 20 and 200 
nodes of AODV and DSR

Figure A.3: Route Discovery Time for 20 nodes between AODV and DSR

Figure A.4: Route Discovery Time for 200 nodes between AODV and DSR
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Figure A.5: Number of Hops for 20 nodes between AODV and DSR

Figure A.6: Number of Hops for 200 nodes between AODV and DSR
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A.3 Wireless LAN load and Throughput for 100 and 200 nodes of 
AODV, DSR and TORA

Figure A.7: Wireless LAN load for 100 nodes among AODV, DSR and TORA

Figure A.8: Wireless LAN load for 200 nodes among AODV, DSR and TORA
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Figure A.9: Wireless LAN throughput for 100 nodes among AODV, DSR and TORA

Figure A.10: Wireless LAN throughput for 200 nodes among AODV, DSR and TORA
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Appendix B : Terminology

B.1 Basic Terms

AODV: Ad Hoc On-Demand Distance Vector. 

Bi-directional link: Same transmission characteristics between transmitter and receiver. 
Therefore, transmission in both ways will work equally.

DAG: Directed Acyclic Graph. TORA creates DAG in route creation procedure, rooted 
at the destination.

DSR: Dynamic Source Routing.

Flooding: A technique to deliver message to the neighbor nodes within the transmission 
range.

Host: Node not acting as a router in an instance.

IMEP: Internet MANET Encapsulation Protocol. IMEP designed to support many ad hoc 
routing protocols.

Neighbor: A node within the same transmission range of a node.

Next Hop: A designed neighbor of a node to forward messages along a particular 
destination.

Router: A node in a ad hoc network, forwards Messages.

Routing Table: Protocols keep routing information in the routing table for various 
routes.

RREP: Route Reply. A reply message to RREQ in AODV network (See RREQ).

RREQ: Routing Request. A special message in AODV network to discover a route to the 
destination.

TORA: Temporally Ordered Routing Algorithm.

Unidirectional link: Different transmission characteristics between transmitter and                                    
receiver. Therefore, transmission in both ways will not work equally.


