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ABSTRACT 
 
Mobile ad hoc Networks (MANETs) dynamically form non-permanent network without any common administration or infrastructure. 
Its dynamic topology requires new set of routing protocols different from traditional wired networks. Multimedia applications such as 
video conferencing demands consistent throughput and end-to-end delay under varying network load. This requirement is very 
challenging due to restrictions such as dynamic topology, bandwidth limitation, energy constraint, and autonomy. In this paper 
different routing protocols of MANETs have been analyzed with performance metrics of throughput, end-to-end delay and network 
load by simulating multimedia (video conferencing) traffic. The simulation results show that proactive protocol OLSR outperforms 
reactive protocol AODV and hybrid protocol TORA due to readily available routing paths.  
KEYWORDS: OPNET, MANETs, Routing Protocols, TORA, OLSR, AODV. 
 

1-INTRODUCTION 
 

A Mobile Ad-hoc Network (MANET) is a self-configurable, Infrastructure less, autonomous and self-healing system of nodes 
using wireless links [1]. MANETs fall into the category of wireless networks in which each device can act as a source, destination and 
a moving router and can communicates with other devices in its range. If a source want to send data packets to a destination that is not 
in its range the intermediate nodes act as router and move packets onward until data packets reach final destination through multiple 
hops [2]. These nodes can move freely and can join or leave the network causing frequent topology changes. During their movement 
these devices can communicate with other devices in their range, a node can get packet from a node and forward it to its neighbors if it 
does not use it. The challenges for MANETs are: maintaining routes for frequently changing network topologies, limited battery 
resources and no central administration. Figure 1 shows a simple Mobile Ad-hoc Network with nine nodes, which are connected to 
each other by wireless links. These nodes will find route to other nodes by request / response packets and maintain these routes 
according to topology changes. 

 
Figure1: Simple MANET example 
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MANET nodes are laptop, personal computer, personal digital assistants, mobile phones MP3 Players and these can be located in 
airplanes, trains, ships, cars offices and homes [3]. A simple MANET can be designed at home to connect wirelessly the mobile nodes 
or it can be used in disaster hit area when a communication infrastructure collapses and there is insufficient time to install new 
infrastructure, MANETs are the best solution to build a fast infrastructure in disaster situation because they allow plug and play 
networking [4]. Since they need no central management so they can be used in military operations where troops move in the battlefield 
without need of central unit for synchronization [4]. Hence MANETs can be used in disaster recovery, mobile conferencing, battle 
field and emergency services. 

This paper is organized into following sections. Section 2 describes routing protocols for MANETs. Simulation environment of 
MANETs is presented in section 3. Detailed analysis and results are explained in section 4. 
 
2 – Overview of MANETs Routing Protocols. 
 

Whenever source and destination are not in the range of their wireless domain the intermediate nodes act as router, and perform 
routing and move data hop-by-hop until it reaches final destination [5]. MANETs cannot use the traditional routing such as RIP 
(Routing Information Protocol) and OSPF (Open Shortest Path First) because they are specially designed for wired networks [6]. Due 
to following reasons the traditional routing protocols are not useful for MANETs 

 
 Routers send their routing tables and updates to its neighboring routers, which consumes battery and bandwidth. Mobile 

nodes have limited battery and bandwidth available. 
 Due to multiple links there exist multiple routes between two nodes. 
 Variable convergence time 
 
Routing protocols for MANETs can be categorized in proactive, reactive and hybrid types. Proactive protocols are also called 

table driven protocols. These protocols manage and find all the routes to destinations in advance and nodes broadcast their tables to all 
neighbors periodically whether topology changes or not. This consumes more bandwidth incurs overhead to system and reduces 
throughput [2]. Updates can be “Time Driven” or “Event Driven”. In time driven whenever update time expires, tables are forwarded 
and in event driven when topology changes occur tables are sent to neighbors. Tables can be sent via “full dump” or through 
“incremental updates”. Whole table is sent in full dump and only topological changes are sent in incremental updates. 

Reactive protocols do not manage the routes in advance and request the route whenever a device wants to send the data packets. 
All the nodes in network that are not participating in this communication do not need to manage the route. Hybrid routing protocols 
use the best features of reactive and proactive protocols. 

There are many Ad-hoc routing protocols for MANETs.  
 Ad Hoc On Demand Distance Vector (AODV) 
 Dynamic Source Routing (DSR) 
 Geographic Routing Protocol (GRP) 
 Optimized Link State Routing (OLSR) 
 Open Shortest Path First (OSPF) version 3 
 Temporally Ordered Routing Algorithm (TORA) 
 

Table 1 compares these protocols. AODV OLSR and TORA are used for analysis of reactive, proactive and hybrid protocols 
respectively. 
 
2.1 AODV 
 

AODV (Ad-hoc on Demand Distance Vector) routing protocol is a reactive protocol. It works on the principal of on demand and 
hop-by-hop routing with sequence numbers, route maintenance and periodic beacons [7]. It uses sequence number to avoid the loops 
and count-to-infinity inconsistencies [8]. Whenever a device wants to send the data, it first finds the route by request/reply method and 
then sends the data [9]. Source node sends the request packet to its neighbors, which contain the ID and source address. Intermediate 
nodes can discard duplicate request packet on the basis of this ID and address. It rebroadcasts the request packet if it does not know 
the route to final destination by incrementing the value of hop count field. This process of rebroadcasting continues until route to final 
destination is found. 
 
2.2 OLSR 
 

OLSR (Optimized Link State Routing) is a proactive and link state routing protocol. It reduces no of retransmission and size of 
information. For flooding control massages it uses multipoint relaying techniques. Each node in network chooses a set of neighbors 
for retransmitting the packets. These selected nodes are called multipoint relays (MPR) for that node. The neighbors that are not part 
of MPR cannot rebroadcast the broadcasted packets. They can only read and process such packets. In this way it reduces the overhead. 
Each node manages its own MPR selectors with the help of hello messages, which contain the information about its neighbor and their 
links [10]. It stores and maintains the routing tables for sending any data packets. 
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2.3 TORA 
 

TORA (Temporally Ordered Routing Algorithm) is a reactive on demand routing protocol, which is hybrid in nature containing 
the best features of both reactive and proactive routing [11]. It discovers, maintains and deletes the routes for high speed dynamically 
changing wireless networks. Route initialization of TORA is same as proactive routing protocols; tables are maintained before sending 
any data packets. It uses (DAG) Directed Acyclic Graph for route management. When the topology changes, it broadcast packets only 
at the nodes to find new routes. When routes become invalid TORA deletes such types of routes and send CLR packets to delete these 
invalid routes [12]. 

    Table 1: Comparison of MANETs Routing Protocols 
 
3 – Simulation Environment for MANET 
 

The simulation environment has been implemented inOPNET 14.5 (Optimum Network Engineering Tool) [13]. Figure 2 shows a 
MANET containing 24 mobile nodes, having 24 mobile nodes and one video server for video conferencing in an area of 500 x 500 
square meters. The simulation parameters are shown in table 2. Application configuration and profile configuration are configured 
with low-resolution video conferencing. 
 

 
Figure 2: Simulation environment  

 

Buffer size of each node is set to 1024000 bits for heavy traffic of video conferencing.  
 

Table 2: Simulation parameters 
Parameters used  Proposed Values 
MAC Address  Auto Assigned 
BSS Identifier Auto Assigned 
Access Point Functionality Disabled 
Physical Characteristics  DSSS, 11 Mbps 
Power of transmission (W) 0.005 
Reception power (dBm) -95 
Short retry limit 7 
Long retry limit 4 
Max receive life time(Sec) 0.5 
Size of Buffer(bits) 1024000 
Roaming Disabled 
Large packet processing Fragments 
Simulation area (meters) 500x500  

Properties DSR AODV OLSR TORA OSPFv3 GRP 
Routing 

philosophy 
Reactive  Reactive Proactive  Hybrid Proactive Proactive 

Type of routing Source 
Routing 

Hop-by-Hop 
Routing 

Hop-by-Hop 
Routing 

Hop-by-Hop Routing Hop-by-Hop 
Routing 

Hop-by-Hop 
Routing 

Periodic updates As needed As needed Periodically Based on mode of 
operation 

Periodically Periodically 

Worst case Full flooding Full flooding Pure Link State Full flooding Pure Link State Full flooding 
Multiple Routes Yes No No No Yes No 
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4 – Experiment Results and Analysis 
 

Performance of AODV, OLSR and TORAis measured through following metrics. 
 
1. Throughput. 
2. End-to-End Delay. 
3. Load. 

 
4.1 – Throughput 
 

Throughput represents the total number of bits (in bits/sec) forwarded from wireless LAN layers to higher layers in all WLAN 
nodes of the network. Fig. 3 shows that OLSR has greater throughput than AODV and TORA because of proactive routing based 
paths readily available. AODV has better throughput than TORA due to high number of traffic sources and mobility.  
 

 
Figure 3: Throughput comparison of AODV, OLSR, TORA 

 
4.2 – End-to-End Delay 
 

This is the time taken to send a video packet to a destination node application layer. This statistic records data from all the nodes 
in the network. Fig. 4 shows the end-to-end delay of AODV, OLSR and TORA for sending video packets.OLSR has minimum delay 
due to its proactive approach ensuring that routes in the network are always ready. Performance of AODV is better than TORA due to 
higher number of nodes and hop-by-hop initiation in AODV. TORA has highest end-to-end delay due to its route discovery process 
involving higher number of nodes.  
 

 
Figure 4: End-to-End delay of AODV, OLSR and TORA. 
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4.3 – Network Load 
 

Network load represents the total load (in bits/sec) submitted to wireless LAN layers by all higher layers in all WLAN nodes of 
the network. Fig. 5 shows that OLSR outperforms AODV and TORA having better throughput due to proactive routing approach. 
 

 
Figure 5: Comparison of AODV, OLSR, TORA increasing network load 

 
5 – Conclusions 
 

This paper evaluates the performance of different MANETs routing protocols simulating real-time video traffic. The constrained 
characteristic of MANETs and diversity of its routing protocols lead to an interesting performance analysis. Simulations results clearly 
show that proactive routing protocol OLSR outperforms reactive AODV and hybrid TORA routing protocols in terms of higher 
throughput, higher load and minimal delay. OLSR gains 10% higher throughput in comparison to AODV and 18% in comparison to 
TORA. A higher end-to-end delay of 35% and 17% has been analyzed for AODV and TORA respectively in comparison to OLSR. 
This is due to the readily available routing paths resulting in minimum end-to-end delay and higher throughput even in higher network 
load and mobility. However, AODV performs better than hybrid TORA due to the higher number of nodes and hop-by-hop initiation 
in AODV. For real-time traffic, the proactive routing approach in a moderate number of nodes based network is more suitable. 

 
7 – REFERENCES 

 
[1]. F. Maan, N. Mazhar; “MANET Routing Protocols vs Mobility Models: A Performance Analysis” in ICUFN 2011 

[2]. A. Tuteja, R. Gujral, 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. 

[3]. A. Rehman, F. Anwar, J. Naeem, S. M. Abedin; “A Simulation Based Performance Comparison of Routing Protocol on 
Mobile Ad-hoc Network” in International Conference on Computer and Communication Engineering (ICCCE 2010) Kuala 
Lumpur, Malaysia. 

[4]. R. Al-Ani; “Simulation and Performance Analysis Evaluation for Variant MANET Routing Protocols” in International 
Journal of Advancements in Computing Technology, Volume 3, Number 1 February 2011. 

[5]. C. Lal, V. Laxmi, M. S. Gaur; “Performance Analysis of Manet Routing Protocols for Multimedia Traffic.” In International 
Conference on Computer & Communication Technology (ICCCT)-2011 

[6]. M. Kassim, R. A. Rahman, R. Mustapha; “Mobile Ad-hoc Network (MANET) Routing Protocols Comparision for Wireless 
Sensor Network” 

[7]. G. Fang, L. Yuan, Z. Qingshun, L. Chunli; “Simulation and Analysis for the Performance of the Mobile Ad-hoc Network 
Routing Protocols” in The Eight Internation Conference on Electronic Measurement and Instruments. 

[8]. Farhat Anwar, Md. Saiful Azad, Md. ArfaturRahman, MdMosheeud din; “Performance Analysis of Ad hoc Routing 
Protocols in Mobile WiMax Environment” IAENG International Journal of Computer Science, Vol 35, issue 3, September 
2008. 

9929 



Naseeret al., 2012 
 

[9]. GeethaJayakumar and G. Gopinath; “Performance Comparison of two on demand routing protocol for Ad-hoc Networks 
based on random way  point mobility Model”. American Journal of Computer Science and Network Security(IJCSNS 2007), 
vol VII, no 11 pp. 77-84, November 2007. 

[10]. Y. Chaba, Y. Singh, M. Joon; “Simulation based Performance Analysis of On-Demand Routing Protocols in MANETs” in 
2010 Second International Conference on Computer Modeling and Simulation. 

[11]. M. Morshed, F.I. S. Ko, D. Lim, H. Rahman, R. Rahman, J. Ghosh; “Performance Evaluation of DSDV and AODV Routing 
Protocols in Mobile Ad-hoc Networks.”  

[12]. Nadia Qasim, Fatin Said, Hamid Aghvami; “ Mobile Ad Hoc Networks Simulation Using Routing Protocols for 
Performance Comparisions”, Proceedings of world Congress on Engineering 2008 vol 1 WCE 2008, July 2-4,2008 London, 
U.K. 

[13]. http://www.opnet.com/support/des_model_library/manet.html 2:00p.m 05-12-2011  

9930 


