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Abstract 
 

Mobile Ad-Hoc networks (MANETs) are collection of mobile nodes that dynamically 

forming a temporary network without pre-existing network infrastructure and communicate 

with its neighbors to perform peer to peer communication and transmission. It offers unique 

benefits and versatility for certain environments and certain applications. Since there is no 

prerequisite fixed infrastructure and base stations, they can be created and used anytime, 

anywhere. Propagation models focused on predicting the average received signal strength at 

a given distance from the transmitter, as well as the variability of the signal strength in close 

spatial proximity to a particular location. The accuracy of any particular propagation model 

in any given condition will depend on the suitability among the constraints required by the 

model and depend on terrain. A number of propagation models like Free Space and Two Ray 

ground have been exist. In this paper, we present comparative study on the behavior of 

various routing protocols with path loss propagation models, various performance metrics 

used for this comparison such as packet delivery fraction, average jitter, throughput and 

average end to end delay. The studies would be helpful in choosing the correct protocol for 

any active operating environment. 
 

Keywords: Ad-hoc network, AODV, DSR, Free space & Two Ray Ground Path loss 

propagation model. 
 

1. Introduction 
 

The development of efficient transmission, operation and management technologies 

and a progressive reduction in the size of the cells requires a greater suitability on the 

estimations of the system coverage, which is given by propagation losses, in order to 

obtain “total coverage” with which the operator attempts to assurance the quality of 

service. For this reason an accurate and flexible prediction methodologies of coverage 

with easy implementation is required. [1] It is hard to find a methodology of signal 

prediction which achieves the precision-complexity-time paradigm. The aim of finding 

a single methodology for any metropolitan environment is insufficient because it is 

clear that the performance of a system is closely related to the operation region. In this 

paper we compare AODV & DSR on the basis of two path loss propagation models i.e. 

Two Ray Ground model and Free Space Model.  

The rest of this paper is organized as follows. Section 2 briefly describes the 

Routing Protocols in ad-hoc network. In Section 3, overview of propagation model is 

explained. In Section 4, the simulation Experiment and Parameter Metrics are shown 

and in Section 5 is simulation results and last Section 6 concludes this paper. 
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2. Routing Protocols in Ad-hoc Network 
 

For mobile ad hoc networks, the issue of routing packets between any pair of nodes 

becomes a challenging task because the nodes can move randomly within the network. 

A path that was considered optimal at a given point in time might not work at all a few 

moments later. Moreover, the stochastic properties of the wireless channels add to the 

uncertainty of path quality [2].  

Traditional routing protocols are proactive in that they maintain routes to all nodes, 

including nodes to which no packets are being sent. They react to any change in the 

topology even if no traffic is affected by the change, and they require periodic control 

messages to maintain routes to every node in the network. 

An alternative approach involves establishing reactive routes, which dictates that routes 

between nodes are determined solely when they are explicitly needed to route packets. This 

prevents the nodes from updating every possible route in the network, and instead allows 

them to focus either on routes that are being used, or on routes that are in the process of being 

set up. 
 

2.1. Dynamic State Routing (DSR) 
 

The DSR protocol [3, 4, 5] requires each packet to carry the full address (every hop 

in the route), from source to the destination. This means that the protocol will not be 

very effective in large networks, as the amount of overhead carried in the packet will 

continue to increase as the network diameter increases. Therefore, in highly dynamic 

and large networks the overhead may consume most of the bandwidth. However, this 

protocol has a number of advantages over other routing protocols, and in small to 

moderately size networks (perhaps up to a few hundred nodes), this protocol performs 

better. An advantage of DSR is that nodes can store multiple routes in their route cache, 

which means that the source node can check its route cache for a valid route before 

initiating route discovery, and if a valid route is found there is no need for route 

discovery. This is very beneficial in network with low mobility, because the routes 

stored in the route cache will be valid for a longer period of time. Another advantage of 

DSR is that it does not require any periodic beaconing (or hello message exchanges), 

therefore nodes can enter sleep node to conserve their power. This also saves a 

considerable amount of bandwidth in the network. 
 

2.2. Ad hoc On-demand Distance Vector Routing (AODV) 
 

The AODV routing protocol [6, 7, and 8] is based on DSDV and DSR algorithm. It 

uses the periodic beaconing and sequence numbering procedure of DSDV and a similar 

route discovery procedure as in DSR. However, there are two major differences 

between DSR and AODV. The most distinguishing difference is that in DSR each 

packet carries full routing information, whereas in AODV the packets carry the 

destination address. This means that AODV has potentially less routing overheads than 

DSR. The other difference is that the route replies in DSR carry the  address of every 

node along the route, whereas in AODV the route replies only carry the destination IP 

address and the sequence number. The advantage of AODV is that it is adaptable to 

highly dynamic networks. However, node may experience large delays during route 

construction, and link failure may initiate another route discovery, which introduces 

extra delays and consumes more bandwidth as the size of the network increases. 
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Table 1. Basic Characteristics of DSR & AODV 
 

 
 

3. Overview of Propagation Model 
 

A propagation model is a set of mathematical expressions, diagrams, and algorithms 

used to represent the radio characteristics of a given environment [9]. Propagation 

model are three types empirical model, semi deterministic model, deterministic model 

Empirical models are based on measurement data, simple, use statistical properties, and 

not very accurate. Semi-deterministic models are based on empirical models and 

deterministic aspects. Deterministic models are site-specific, require enormous number 

of geometry information about the cite, very important computational effort, accurate.  

Path loss can be expressed as the ratio of the power of the transmitted signal to the power of 

the same signal received by the receiver, on a given path. It is a function of the propagation 

distance. Estimation of path loss is very important for designing and deploying wireless 

communication networks. Path loss is dependent on a number of factors such as the radio 

frequency used and the nature of the terrain [10]. 
 

3.1. Free Space Model 
 

The free space propagation model is the simplest path loss model. The received 

power is only dependent on the transmitted power, the antenna’s gains and on the 

distance between the sender and the receiver. It accounts mainly for the fact that a radio 

wave which moves away from the sender has to cover a larger area. So the received 

power decreases with the square of the distance. The free space propagation model 

assumes the ideal propagation condition that there is only one clear line -of-sight path 

between the transmitter and receiver. H. T. Friis presented the following equation to 

calculate the received signal power in free space at distance d from the transmitter [11, 

12]. 

 

   Where PT is the transmitted signal power GT and GR are the antenna gains of the 

transmitter and the receiver respectively.  is the wavelength. The path loss for the free 

space model when the antennas are assumed to have unity gain is provided by the 

following equation. 
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Expressed in dB as: 

 
 

 
 

   One is able to see from the above free space equations that 6 dB of loss is 

associated with a doubling of the frequency. This same relationship also holds for the 

distance, if the distance is doubled, 6 dB of additional loss will be encountered.  
 

3.2. Two Ray Ground Model 
 

One more popular path loss model is the two-ray model or the two-path model. The 

free space model described above assumes that there is only one single path from the 

transmitter to the receiver. But in reality the signal reaches the receiver through 

multiple paths (because of reflection, refraction and scattering). The two-path model 

tries to capture this phenomenon. The model assumes that the signal reaches the 

receiver through two paths, one a line-of-sight path, and the other the path through 

which the reflected wave is received. According to the two-path model, the received 

power is given by [11]: 

 
 

Where PT is the transmitted power, GT and GR are the transmitter and receiver antenna gains, 

respectively, in the direction from the transmitter and receiver, d is the distance between the 

transmitter and receiver, and ht and hr are the heights of the transmitter and receiver, 

respectively. 
 

4. Simulation Environment 
 

4.1 Table 2. Parameter Values for Simulation 
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4.2. Simulation Model 
 

The overall goal of this simulation study is to analyze the performance of DSR& 

AODV wireless routing protocol on the basis of two path loss propagation models. The 

simulations have been performed using QualNet version 5.0[13], a software that 

provides scalable simulations of Wireless Networks and a commercial version of 

GloMoSim. It is a comprehensive suite of tools for modeling large wired and wireless 

networks. It uses simulation and emulation to predict the behavior and performance of 

networks to improve their design, operation and management. To evaluate the 

performance of routing protocols, both qualitative and quantitative metrics are needed. 

Most of the routing protocols ensure the qualitative metrics. Therefore, we use four 

different quantitative metrics to compare the performance. They are:  

•  Packet Delivery Ratio: The fraction of packets sent by the application that 

are received by the receivers. 

•  Average Jitter: Jitter is the variation in the time between packets arriving, 

caused by network congestion, timing drift, or route changes. 

•  Average End-to-end delay: End-to-end delay indicates how long it took for 

a packet to travel from the source to the application layer of the destination. 

•  Throughput: The throughput is defined as the total amount of data a 

receiver R receives from the sender divided by the times it takes for R to get 

the last packet. 
 

5. Simulation Results 
 

(a)                                                                      (b) 
 

Figure 1. (a) PDF with Varying Pause Time in Free Space Model. (b) PDF with 
Varying Pause Time in Two Ray Ground Model 

 

Figure (a) & (b) are the Packet delivery Fraction of AODV & DSR in Free Space & Two 

Ray Ground model respectively, as it seen in from both the figures DSR perform better in 

both the models, in Free Space model it is 95.8%. And in Two Ray ground model it is 91.6%. 

If we  talk about AODV, which is 83.3% in Free space and 87.5%in Two ray ground model 

which means, more percent of packets received at destination is more in DSR.  
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    (c)                                                               (d) 

 

Figure 2. (c) Average Jitter with Varying Pause Time in Free Space Model. (d) 
Average Jitter with Varying Pause Time in Two Ray Ground Model 

 

From fig (c) & (d), Average jitter of DSR is more in both the models, i.e. variation in the 

time between packets arriving, caused by network congestion, timing drift, or route changes is 

more in DSR. AODV is better as it takes less time in both the models, in Free space it is .98 

mili seconds, in Two ray ground 12.842 mili seconds. Whereas DSR takes 3.69 mili seconds 

in Free space and 25.396 mili seconds in Two ray ground. 
 

(e)                                                                           (f) 

 

Figure 3. (e) Average End-to-End Delay with Varying Pause Time in Free Space 
Model. (f) Average End-to-End Delay with Varying Pause Time in Two Ray 

Ground Model 
 

Fig (e) & (f), are the Average end-to-end delay of Free space and two ray ground model 

respectively, as from both of the figures avg end-to-end delay of AODV is more in Free space 

around 24.1343 seconds and in Two ray ground DSR delay is more i.e. around 58.9 mili 

seconds. Hence DSR better in Free space and AODV better in Two ray ground as they take 

less time to travel packets from source to the destination respectively in the model. 



International Journal of Advanced Science and Technology 

Vol. 32, July, 2011 

 

 

51 

 

 

(g)            (h) 

 

Figure 4. (g) Throughput with Varying Pause Time in Free Space Model. (h) 
Throughput with Varying Pause Time in Two Ray Ground Model 

 

The throughput is defined as the total amount of data a receiver R receives from the 

sender divided by the times it takes for R to get the last packet. From both the figures (g) & 

(h) it is clear that throughput of DSR is more comparatively AODV.  

Hence, if we talk about the overall performance, then it is clear DSR perform much better 

in both the Path loss propagation models. Whereas AODV average end-to-end delay is less 

which means it takes less time in transmission of packet to their final destination successfully 

in Two Ray Ground model.  
 

6. Conclusion 
 

In this paper, we present comparative study of AODV & DSR with path loss propagation 

models (Free Space & Two Ray Ground). The comparative analysis was carried out for the 

simulated results by varying the Pause Time. Various performance metrics used for this 

comparison such as packet delivery fraction, average jitter, throughput and average end to end 

delay. This model based study results into the conclusion that overall performance of DSR is 

better in both of the propagation models, whereas AODV perform better in average end-to-

end delay in Two ray ground model. 
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