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ABSTRACT 
 

A simulation based analysis of the ad hoc on-demand distance vector (AODV) protocol is 
presented with two different movement models, viz. the random waypoint (RWP) mobility 
model and the mass mobility model. The analysis is being carried out with three familiar 
metrics in perspective, namely the packet delivery ratio, throughput and packet loss. It may 
be concluded, prima facie, from the simulation that, for the given metrics, the RWP 
mobility model performs well than the mass mobility model. 
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1. INTRODUCTION 

 

One of the recent advances, in technology, revolves around the increasing popularity of the wireless networks 
allowing users to interact from any particular location to some other without any disturbance of their processing services. In 
this context, ad hoc networks are pertinent to mention which constitute a category of wireless networks wherein a temporary 
network is auto-established dynamically without resorting to any existing network infrastructure. The requirement of an apt 
routing protocol cannot be, however, undermined to oversee and maintain the connection between the constituent nodes. This 
is especially important due to frequent topology changes attributed to mobile nodes. Any routing protocol, for such networks, 
must take into account the movement of the underlying nodes and their density because such factors may affect the efficient 
working of the ad hoc network protocol. The working of a mobile network is totally dependent on the variable mobility of its 
constituents [14]. The mobility of any constituent node is a function of its speed, direction and rate of data transfer. As a 
consequence, there are protocols and systems designed to support these variations in mobility.  

The raisond’être of simulation is the labor and cost involved in the corresponding real implementation. The 
performance evaluation of ad-hoc on demand distance vector (AODV)routing protocol was carried out on the OMNeT++4 
simulator. In a simulation environment the mobility models and node density affect the performance of the underlying 
protocol. A mobility model is usually realized to conceive the movement patterns of the constituent mobile nodes of the 
given MANET as well their locations, relative speeds and rates of change in their accelerations. 

Our objective revolves around the study of the performance of AODV in the context of two different mobility 
models, namely the mass mobility model and the random waypoint (RWP) model.  The latter model inserts pause intervals 
between any alteration in the speed and direction. In contrast, with the mass mobility model the nodes move in group of 
cluster or mass, despite relying on the random direction and speed. Being a single path routing protocol, the only maintained 
route, with the AODV, is the one having minimum source-to-destination hop count.  

The rest of the paper is arranged as follows. Section 2 gives a bird eye view of the literature for works related to our 
area whereas Section 3 outlines the simulation setup followed by the simulation results, presented in Section 4 with a focus 
on the three performance metrics. Section 5 sums up the paper.  
 

2. RELATED WORK 
A simulation study of AODV based ad-hoc networks, with TCP being the transport protocol, is presented in [6]. 

Employing four different mobility models, the authors identify some counterintuitive results, which they justify by measuring 
the interdependence at the three layers they dealt with in their simulation, viz. the physical layer, network layer, and transport 
layer. With energy being the primary parameter, a comparison of destination-sequenced distance-vector routing (DSDV), 
temporally ordered routing algorithm (TORA), DSR and AODV has been carried out in [4]that uses three different 
movement models, namely RPG, the RWP, and the MG, on the NS-2 simulator with various scenarios. The results show that 
three mobility models considerably vary in efficiency as far as energy conservation is concerned. An RWP oriented 
comprehensive evaluation can be found in [3] where the authors carry out a detailed experimentation on two location-based 
routing protocols: the distance routing effect algorithm for mobility (DREAM) and LAR. A comparison has then been made 
with two location-independent routing protocols: the DSR protocol and a customized flooding protocol. With RWP mobility 
model, the authors of [2] compare four protocols - including DSR, TORA DSDV, and AODV –on the basis of delivery ratio, 
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path optimality and routing overhead. DSR and AODV have been selected in [10] for comparison using only the Manhattan 
Grid (MG) mobility model. This comparative study is focusing on delivery ratio, mean delay, normalized load and 
normalized medium access load with various numbers of nodes, speeds, and connection rates. In [11], a similar approach has 
been adopted with the RWP model. 

The authors of [13] have carried out extensive simulations to statistically compare AODV and DSR protocols based 
on the mobility factor. In [9] the authors argue that the use of mobility models that are usually far from reality, may not 
accurately describe the real efficiency of the protocols. They lament the lack of provision of realistic movement scenarios in 
the majority of contemporary ad hoc network mobility models due to their restriction to random walks without any hurdles; 
the inclusion of hurdles may lead to more realistic mobility models that may be beneficial to wireless transmissions in 
addition to, off course, restricted node movements..  

The effect of the movement model on the working of a given protocol is investigated in [7]. For this purpose they 
have applied their own RPG model to a couple of distinct network protocol situations, i.e. routing and clustering. In addition, 
they check the performance of the network under different mobility patterns, i.e. in-place model, convention model, random 
mobility model and overlap model for different protocol implementations, i.e., DSDV, AODV, and Hierarchical State 
Routing (HSR) [8]. Their results show that various movement patterns affect various protocols in a variety of manners.  They 
observe that the fitness of various routing algorithms is also affected by the movement pattern choice. The performance 
comparison of AODV under four different mobility models - including the Boundless Simulation Area, Random Walk, RWP 
and Random Direction Mobility models - has been studied in [1] under Scalable Wireless ad-hoc Network Simulator 
(SWANS). For comparative results, the authors employ various simulation scenarios and parameters under these mobility 
models. The effect of various node mobility patterns is analyzed by the authors of[14] wherein they use the RWP, Random 
Walk (RW) and Random Direction (RD) mobility models over AODV focusing on the throughput, routing overhead and 
packet delivery ratio over the discrete-event simulator OMNeT++.  

In order to have improved efficiency, a protocol is proposed in [5] that crafts the AODV for use with the Ant Colony 
algorithm based on the RWP. The resultant “Optimized-AODV” protocol is claimed to have improved efficiency at high 
loads and not-too-low node movements. In [12], the authors first implement a tool for generating a special trace movement 
model which is called Ant mobility model. Using this model, the DSDV, DSR, and AODV are selected to check the 
performance of these protocols focusing on the metrics like throughput, network latency, and controls overhead messages. 
NS-2 simulator is used for this purpose. In order to check the feasibility of Ant movement model, the authors also compare 
the result of Ant mobility model with RWP mobility model based upon the same protocols and performance metrics and 
using the same network simulator.  

In essence one can say that the literature is replete with comparative studies, based on one or more mobility models 
in MANETs, and a major chunk of those deals with AODV. We are, however concentrating on the mass mobility model in 
this context as this model has had historically lesser attention when combined with RWP model.   
 

3. SIMULATION SETUP 
To evaluate the AODV routing protocol scheme, an OMNet++4 simulation was carried out with each scenario 

having a period of 1200 seconds and a mobility network area of 1000x 1000 rectangles. The specifications of the said 
simulation are being listed in Table 1.  
 

Table 1:Specifications of the OMNet++4 simulation 
Simulation Parameter Specification 
Mobility network area 1000 * 1000 
#Mobile nodes 3-30 
Frequency 2.4 GHz 
Standard IEEE 802.11 
Speed 3-30mps 
Simulation time 1200s 

 
A screen-shot of the OMNet++4 simulation is shown in  
Figure 1 below. 

The underlying scenarios consist of evaluating the AODV protocol by employing the RWP mobility model and the 
mass mobility model with varying the number of nodes at fixed speed first and then varying the speed and keeping the 
number of nodes constant. The following performance metrics were employed to evaluate the AODV routing protocol: 

 Packet loss. 
 Packet delivery ratio. 
 Throughput 
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Figure 1: RREQ generation of AODV in OMNet++4 
 

4. RESULTS 
4.1 Packet loss 

First we have a look at the packet loss of AODV routing protocol as a function of node speed while keeping the 
population of nodes unchanged. Packet loss is important, to describe the loss rate, for its characterization of both the 
completeness and accuracy of the routing protocol. Figure 2.a plots packet loss vs. speed for both mass and RWP models. For the 
mass mobility model, the packet loss of AODV routing protocol was found less but for elevated node speeds, the packet loss 
increased. This may be due to the fact that, normally in the AODV, there are not many packets in the buffer that should wait for 
the transmission on the route but the loss rate of the packet are increase with the increase of speed because they were sent on the 
old routes. Thus AODV requires periodic update of information but exhibit reasonable delivery ratio. As shown in the same 
graph, the packet loss of the protocol in RWP Mobility is increased linearly. But when the speed reaches 15m/s there is an 
escalation in packet loss but it is non-linear. This may be attributed to sensitivity of AODV to node mobility and not being up-to-
date in information causing the packet loss ratio to be increased. It is observable from the graph that when the speed is 3mps then 
the packet loss of two mobility model is almost same. But when the node speeds are increased, the ensued packet loss of the two 
mobility model is also increased although in the case of RWP mobility model the increase is steadier. On the other hand, there is 
a drastic change in packet loss in Mass Mobility of AODV routing protocol. From the above result, it may be concluded that 
packet loss of both the mobility model increase with the speed. But the performance of AODV routing protocol in RWP 
mobility model is better than the mass mobility model. 
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(a) (b) 

Figure 2: Packet loss as a function of node speed and number of nodes 
 

In Figure 2.b, the packet loss of AODV routing protocol is plotted as a function of the number of nodes with node 
speed being kept constant. The graph shows a comparison of packet loss with the RWP and mass mobility models in case of 
AODV routing protocol. With both the mobility models the packet loss increases with the increase in the number of nodes 
and the loss pattern is the same at first but when the density of nodes reaches to 27 there is a drastic increase in the packet 
loss with the mass mobility model as compared to the RWP model. As of the mass mobility model, the packet loss of AODV 
routing protocol is extremely low when there are 3 nodes in the network. But when the nodes are increased, the packets are 
also increased in the network resulting in increased loss of packets, due to limited space in the buffer or collision of packets. 
In addition, many packets may be lost just because they were sent through old routes. The packet loss is non-linear; in the 
start the packet loss is increased linearly but decreases thereafter. With RWP, the trend is the same with low packet loss when 
the nodes are less but as the number of nodes is increased, the packet loss is also increased. The AODV manages 
commendable delivery ratio, although it’s under par ability, of updating intermittently, is a problem. With RWP mobility, the 
AODV performs well in low and medium density as against high density. 

 
4.2 Packet delivery ratio 

In Figure 3, the packet delivery ratio of AODV routing protocol is analyzed in the context of RWP and mass mobility 
models as a function of speed and number of nodes in the network. Packet delivery ratio is important as it describe the 
fraction of packets received at the destination node successfully. As shown in Figure 3.a, with the mass mobility, the packet 
delivery ratio is high in the beginning when the speed of the nodes is low but when the speed of the nodes is increased, the 
packet delivery ratio is decreased. This may be due to the fact that at the start there are fewer packets in the buffer and the 
sent packets are successfully transmitted to the destination. When the speed of the nodes is increased, the nodes send more 
packets in the network resulting in full buffer and the rest of the packets are lost causing the packet delivery ratio to be 
decreased. The RWP model gave better packet delivery while taking into account the pause time whenever changing the 
directions but the packet delivery ratio was decreased significantly with the increase of the speed of nodes. Generally, with 
both the RWP and mass models, the packet delivery ratio decreases with the increase in the speed but the former outperforms 
the latter model in delivering packet data to the destination successfully. Specifically, the packet delivery ratio of both the 
models is almost same until the speed of the nodes in 27mps but when the speed of the nodes is increased form 27mps to 
30mps the mass mobility model performs poorer with the loss of too many packets in the transit. This may be attributed to 
the high routing cost involved when changing the node direction as well as its speed. 
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Figure 3: Packet delivery ratio as a function of speed and number of nodes 
 

The packet delivery ratio of AODV routing protocol is high when there are lesser nodes and when the number of the 
nodes is increased, the packet delivery ratio is constant to certain number of nodes. But when there are too much nodes in the 
network there is a decrease in the packet delivery ratio. Figure 3.b endorses these observations graphically by plotting packet 
delivery ratio vs. number of nodes while keeping the speed constant. With the exception of one reading, the graph shows that 
the packet delivery ratio hovers in the range 0.75-0.83. The node density, thus, does not significantly affect the packet 
delivery ratio of the AODV routing protocol. The RWP model gave better packet delivery while taking into account the 
pause time whenever changing the directions. Both the mobility models perform well when there is low density of nodes in 
the network but when the number of nodes reached to 24 there is a drastic change in the packet delivery ratio of AODV 
routing protocol. And in Mass Mobility when the number of nodes are 24 then the packet delivery ratio is 0.8 but when the 
number of nodes reached to 27 there is a drastic loss in packet delivery ratio and it decreased to 0.3. This may be due to the 
fact that the overhead in increased resulting in the loss of too many packets. On the other hand, the packet delivery ratio of 
AODV routing protocol in RWP mobility model is not affected much with the increase in the number of nodes. Thus RWP 
mobility model, with AODV routing protocol, results in consistent packet delivery ratio with variation in numbers of nodes. 

 
4.3 Throughput 

Throughput is one of the dimensional parameters of the network which gives the fraction of the usage of channel 
capacity for useful transmission selects a destination at the beginning of the simulation like the information whether or not 
data packets correctly delivered to the destination nodes. The user’s perception of the quality of service (QoS) is greatly 
affected by the throughput. Hence, throughput is an important metric of the performance evaluation of the protocol. In Figure 
4 the throughput of AODV routing protocol with the two mobility models is shown with respect to number of nodes and 
speed. As shown in Figure 4.a, in both RWP mobility model and mass mobility model, the throughput of AODV routing 
protocol is decreased with the increase in the speed. In the beginning the throughput of Mass Mobility model is high as 
compared to the RWP mobility model. From this onward the throughput of mass mobility starts decreasing and on the other 
hand, throughput of RWP mobility start increasing gradually to some extent but after reaching to certain limit the throughput 
of the RWP mobility model starts decreasing.  When the speed of nodes reached to 27m/s then there is a drastic reduction in 
the throughput of mass mobility model as compared to the other model. Individually speaking, with the mass mobility model, 
the throughput of AODV routing protocol is high when the speed of nodes is less but when the mobility speed of the nodes 
are increased the throughput drops. With RWP, the throughput is high in the beginning when the speed of nodes is less. But 
when the speed of nodes is increase the throughput gradually decrease. Thus the speed of nodes has inverse effect on the 
throughput of the AODV routing protocol.  

In Figure 4.b the throughput of AODV routing protocol is shown with respect to number of nodes in the context of 
two mobility models. The throughput of both mobility models is very similar in low density network and as a density 
increases, the RWP mobility model outperforms mass mobility model. Though in the start the throughputs of both these 
mobility models are almost the same but when the node density reached to 27, there is an exponential drop in the throughput 
of the mass mobility model and it suggests that for any further increase in the network density RWP mobility model performs 
better than the mass mobility model. Thus RWP mobility model have an edge over mass mobility model in high density 
network. If there are lower numbers of hop then the throughput is higher. The result shows that after 12 nodes the throughput 
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shows a decreasing trend. It is not consistent, at 15 nodes the throughput is again increased and at 24-27 nodes the throughput 
is decreased. The throughput of RWP mobility model increases drastically with the increase in the number of nodes. 

  
(a) (b) 

Figure 4:Throughput as a function of speed and number of nodes 
 

5. CONCLUSION 
 
This work is concerned with the performance evaluation of AODV on the basis of selected performance metrics. In this 

context, a detailed simulation was carried out by employing OMNeT++ 4, a discrete-event based simulation tool. Packet 
dropping rate of AODV routing protocol was observed to be high for both mass and RWP motilities. The AODV routing 
protocol perform well in RWP than the mass mobility model under high mobility and when the number of nodes are elevated. 
Elevated motilities may lead to high probability of link failures. In addition, the cost of updating the constituent nodes with the 
newly received routing information is far greater for the mass mobility model than that for the RWP model. It is evident from the 
results that a particular movement model will give varying results with various performance based metrics. The choice of the 
mobility model, hence, necessitates the requirement of a flow pattern that may considerably affect the underlying protocol. In 
essence, with our simulation setup, the RWP movement model outperforms the mass movement model. 
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