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ABSTRACT 

The paper presents the results of a detailed packet-level simulation comparing four multi-hop 

wireless ad hoc network routing protocols under the load of different probability distributions, that 

cover a range of design choices having different protocol viz. DSR, AODV and OLSR. We have 

extended the OPNET network simulator to accurately model the MAC and physical-layer behavior 

of the IEEE 802.11 wireless LAN standard, including a realistic wireless transmission channel 

model. Simulation of 60 mobile nodes has been carried out and the performance optimization is 

determined. 

 
Keywords - Simulation, Opnet, Wireless, Statistical probability distribution, IEEE802.11, throughput, 
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 [1] INTRODUCTION 

 
 Ad-hoc wireless network is that network where no communication is present, in such 

network; each mobile node operates not only as a host but also as router. Mobile nodes in the network 

may not be with in range of each other, communication of these nodes perform by discovering “multi-

hop” paths through the network to other nodes. This type of network is some time called 

infrastructure less network [1]. Some examples of the possible uses of ad hoc networking are students 

using laptop computers to participate in an interactive lecture, business associates sharing information 

during a meeting, soldiers relaying information for situational awareness on the battlefield [2, 3]. 

Many different protocols have been proposed to solve the multi hop routing problem in ad hoc 

networks, each based on different assumptions and intuitions.  

Mobile Ad hoc Networks (MANETs)[1] are an emerging technology that allows establishing an 

instant communication network for civilian and military applications, without relying on pre-existing 

fixed network infrastructure. The nodes in a MANET can dynamically join and leave the network, 

frequently, often without warming, and possibly with out disruption to other nodes’ communication. 

Each node in the network also acts as router, forwarding data packet for other nodes. A central 

challenge in design of Ad hoc network is the development of dynamic routing protocols that can 

effectively find the route between two communicating nodes. The routing protocol must be able to 

keep up with the high degree of node mobility that often changes the topology drastically and 

unpredictably.  

 

The current Mobile Ad Hoc Network (MANET) [2] paradigm as described by the Internet 

Engineering Task Force (IETF) MANET work group. Routing algorithms are often difficult to 
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formalize into mathematics; they are instead tested using extensive simulation. A large amount of 

work has been done in the area of energy efficient routing. This approach attempts to maximize 

network lifetime by routing through paths, which use the least amount of energy relative to each node. 

Now a day, more attention has been given to use specific network parameters while specifying routing 

matrixes. Routing matrixes includes delay of network, link capacity, link stability or identifying low 

mobility nodes. These schemes are generally based on previous work, which is then enhanced with 

the new matrix. 

The paper is providing a realistic, quantitative analysis comparing the performance of a variety of 

multi-hop wireless ad hoc network routing protocols. We present results of detailed simulations 

showing the relative performance of three recently proposed ad hoc routing protocols:  DSR [3, 4, 5], 

AODV [6], OLSR [8]  

Our results in this paper are based on simulations of an ad hoc network of 60 wireless mobile nodes 

moving about and communicating with each other. We analyze the performance of each protocol and 

explain the design choices that account for their performance.  

The section 2 of the paper describes the different types of protocols used in the simulation. The 

section 3 has given description of different types of statistical probability distribution used for arrival 

and departure of packets in simulation. The performance analysis is describes in section 4. The 

section 5 has summaries conclusion of the paper. 

 

 

[2] DESCRIPTION OF THE PROTOCOLS 
 

2.1 Dynamic Source Routing (DSR) [3, 4, 5] 

 

The DSR is using source routing, i.e. the sender knows the complete hop-by-hop route to the 

destination. When node sending data packet to the destination, DSR has use route discovery by 

flooding the network with route request (RREQ) packets. Each node receiving an RREQ, node will 

rebroadcast it, unless it is the destination or it has a route to the destination in its route cache. Such 

node replies to the RREQ with a route replay (RREP) packet that is routed back to the original source. 

If any link on a source route is broken, the source node is notified using a route error (RERR) packet. 

The source will initialize new discovery process. No special mechanism is required to detect routing 

loops. Also, any forwarding node caches the source route in a packet it forwards for possible future 

use. Several additional optimizations have been proposed and have been evaluated to be very 

effective by the authors of the protocol [5], as described in the following: 

• Salvaging: An intermediate node can use an alternate route from its own cache when a data packet 

meets a failed link on its source route. 

• Gratuitous route repair: A source node receiving an RERR packet piggybacks the RERR in the 

following RREQ. This helps clean up the caches of other nodes in the network that may have the 

failed link in one of the cached source routes. 

• Promiscuous listening: When a node overhears a packet not addressed to itself, it checks whether the 

packet could be routed via itself to gain a shorter route. If so, the node sends a gratuitous RREP to the 

source of the route with this new, better route. Aside from this, promiscuous listening helps a node to 

learn different routes without directly participating in the routing process. 
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2.2 Ad Hoc on demand Vector (AODV) [6] 

 
AODV discovers routes on demand basis. It uses routing table to maintain routing information, one 

entry per destination. RREP packet is used to replies back to the source and, subsequently, to route 

data packets to the destination. AODV uses sequence numbers to maintain at each destination to 

determine routing information and to prevent routing loops [6]. AODV working on timer- based states 

in each node. A routing table entry is expired if not used recently. If node link is broken, the all 

predecessor nodes forward the RERR packets, to effectively erasing all routes using broken link. 

AODV uses expanding ring search technique initially to discover routes to an unknown destination. 

AODV algorithm has the ability to quickly adapt to dynamic link conditions with low processing and 

memory overhead. AODV offers low network utilization and uses destination sequence number to 

ensure loop freedom AODV keeps the following information with each route table entry.   

 

 (i) Destination IP address (IP address for the destination node), 

(ii) Destination sequence number, 

(iii) Valid destination sequence number flag, 

(iv) Network interface, 

(v) Hop count, that is, number of hops required to reach the destination, 

(vi) Next hop (the next valid node that did not re broadcast the RREQ message), 

(vii) List of precursor, 

(viii) Life time, that is, expiration or deletion time of a route. 

 

 

2.3 Optimized Link State Routing (OLSR) [8] 

 

The OLSR model implements the MPR (Multi Point Relay) flooding mechanism to broadcast and 

flood Topology Control (TC) messages in the network. The algorithm is implemented as suggested in 

OLSR RFC 3626. This mechanism takes advantage of controlled flooding by allowing only selected 

nodes (MPR nodes) to flood the TC message. Each node selects an MPR to reach its two-hop 

neighbors The OLSR model implements the neighbor sensing mechanism through periodic broadcast 

of Hello messages. These Hello messages are one-hop broadcasts (never forwarded) that carry 

neighbor type and neighbor quality information. The neighbor sensing mechanism provides 

information on up to two-hop neighbors. Generation and processing of the Hello messages are 

implemented as suggested in the OLSR RFC. Periodic and triggered Topology Control (TC) messages 

implement the topology discovery/diffusion mechanism in the OLSR model. TC messages are 

generated by MPR nodes and carry information about MPR selector nodes. These messages are 

diffused throughout the network using controlled flooding, thus helping to form a topology of 

reachable nodes, previous hop on each node. 

 

[3] INTRODUCTIONS OF STATISTICAL PROBABILITY DISTRIBUTIONS [9] 

 

3.1 Poisson Distribution 
A random variable x is said to follow a Poisson distribution if it assume only non – negative 

values and its probability mass function is given by                                                                                            

p(x, λ)        

p(x) = e-λ λx/x!    ; x= 0,1,2,3…….  ,  λ>0 

                   =  0      otherwise                                                                                               

 

Here  λ is known as the parameter of the distribution. 
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3.2 Normal Distribution                                                                                                                                                   
 

A random variable x is said to have a normal distribution with parameters µ (mean) and σ2 (Variance) 

if its probability density function is given by the probability law.                     

 

 f( x) = 1/σ(2Π)1/2 X  exp{-(x- µ)2/2 σ2} , -∞ < x < ∞, -∞ < µ < ∞, σ > 0 

 

3.3 Rectangular or Uniform Distribution 

   
A random variable x is said to have a continues rectangular distribution over an interval (a, b) if its 

probability density function is given by 

   

    f(x)  = 1/(b-a) if a< x < b 

         

Otherwise. 

 

3.4 Gamma distribution 

 
A random variable x is said to have a gamma distribution with parameter λ> 0, if its probability 

density function is given by 

 

   f(x) = e-xx λ-1/Γ( λ ) ,  λ> 0 ,  0< x < ∞   

 

3.5 Exponential Distribution 
 

     A random variable x is said to have an exponential distribution with parameter θ >0, if its 

probability density function is given by  

 

              f(x) = θ e- θ  ;   x ≥ 0 

0 otherwise 
 

 

[4] ANALYSIS OF SIMULATION 

   4.1 Performance of Adhoc Network with using mobility 

As shown in the figure 4.1, Adhoc wireless network model is developed using mobility models. In 

Adhoc wireless network model 60 nodes are participating in the network. All nodes of the network 

are not following same mobility models, instead of that, 60 nodes are divided into 10 groups. Every 

group is following one trajectory; white lines indicated in the figure 4.1, shows moving direction of 

the nodes.  
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 Figure 4.1 Adhoc Wireless Network Model with Mobility 

 

4.1.1 Performance Analysis of Protocols.  

We have constructed a detailed simulation model that accurately follows the details of Wireless 

routing protocol on random waypoint model. We have performed simulation for specifically inter 

arrival time probability distributions. In order to verify the accuracy of our model, we set up the 

simulator to represent a real system for which sufficient details are available in the literature. Our 

simulation model is based on OPNET 14.5 simulator. The effective parameters with their 

optimized values are reported here for each of different set of simulation.  

1. Throughput (bits/sec). 

2. End-to-End Delay. 

3. Retransmission Attempts (packets). 

 

4.1.2 Wireless Throughput (bits/sec) 

Performance of AODV with reference to throughput was best as compared to the other protocols as 

shown in the figure 4.1. 

 Performance of DSR and OLSR was stable but poor throughout the simulation as compared to 

AODV  
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Table 4.1 Average throughput (bits/sec) 

Name of Protocol Average Throughput (bits/sec) 

Model with Mobility 

AODV 15038091.11 

DSR 4300581.778 

OLSR 4176687.111 

 

 

 

 
Figure 4.1 Throughput (bits/sec) 

 

 

 

4.1.2 End-to-End Delay (sec) : 

AODV and DSR at the starting of simulation have shown delay but as simulation progresses it 

becomes stable to the lowest value of delay. DSR has shown highest delay of 0.11 sec and AODV has 

shown 0.067 sec as shown in the figure 4.2. An average delay of OLSR was 0.00031. 

Delays of model with mobility conditions and without mobility conditions are shown in following 

table. As shown in the table 5.2, it is observed that model with mobility conditions has slightly more 

delay as compared to ad hoc network without mobility conditions. Ad hoc network model with 

mobility conditions has shown more delay as compared to model without conditions with better 

throughput.   
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Figure 4.2 End-to-End Delay (bits/sec) 

 

Table 4.2 End-to-End Delay (sec) 

Name of Protocol Average Throughput (bits/sec) 

Model with Mobility 

AODV 0.0014 

DSR 0.0019 

OLSR 0.00031 

 

4.1.3 Retransmission Attempt 

Initially, at the start of simulation AODV protocol has shown maximum number of retransmission 

attempts but as simulation progresses it settled on an average 0.004925 packets. As shown in the 

figure 4.3 DSR has shown maximum number of retransmission attempts as compared to other 

protocols. At the start of simulation DSR has also shown maximum retransmission attempts, and 

then it settled to average 0.002420 packets. 

OLSR protocols have shown average retransmission attempts 0.001518..  Comparison between Ad 

hoc network model with mobility conditions and without mobility conditions are given in table 4.3.  

When in Adhoc network model node movements are restricted then minimum number of 

retransmission attempts is required as shown in the table 4.3  
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Figure 4.3 Retransmission Attempts (Packets) 

 

Table 4.3 Retransmission Attempts (bits/sec) 

Name of Protocol Average Throughput (bits/sec) 

Model with Mobility 

AODV 0.004925 

DSR 0.002420 

OLSR 0.001518 

 

 

5.4 CONCLUSIONS: 

 

A MANET simulation model was built-up using parameter which mention in table 3.1. Different 

statistical distributions load have given to the model and performance of simulation models were 

observed and discuss in above sections. Performance of routing protocols were considered and given 

in above sections. Overall performance of routing protocols is as follows: 

1. Performance of all protocols has improved after putting mobility conditions except OLSR protocol 

with reference to throughput. 

2. In terms End-to-End Delay AODV has shown improvement as compared to other protocols. 

3. Retransmission attempts have been considerably reduced in all protocols after putting mobility 

conditions. 
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