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Abstract-Vehicular Adhoc Network (VANET) is a fast
emerging and new technology that are derived from adhoc
networks to provide intelligent vehicle to vehicle communication
and to improve the road safety and other on road facilities.
VANETSs are distinct from other networks in terms of high speed
movements of vehicles, unpredictable nature of vehicular density
over time and specific mobility patterns associated with different
scenarios. Hence designing a suitable routing protocol for
VANET applications is a very critical and specific task and it is
different from that of MANETs even though VANETs are
derivatives of theformer. I n thiswork we discuss and compare the
effectiveness of routing protocols such as, AODV, DSR and
DYMO with respect to three parameters namely, throughput,
average end-end delay and average jitter. The simulations were
carried out in Qualnet 5.0 network simulator. From the obtained
results it is concluded that DYMO edges out the other two
protocols in terms of the above mentioned metrics when it comes
to VANET scenarios.
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I INTRODUCTION

Vehicular Ad-hoc Networks (VANETS) are self organizing,
infrastructure less networks that have characteristics very
similar to that MANETSs. VANETSs are easily one of the most
promising applications of the Ad-hoc networking technology
and their applications are not only commercially attractive
but also for road safety and management. Some very popular
projectslike FleetNet[5], ComCar[4], NoW[6] etc, have been
successfully implemented and is proving to be very useful to
the society with realistic applications. The major difference
between MANETsand VANETSsliesin the constituent nodes
and mobility of the nodes. In this network cars and vehicles
are considered to the nodes that communicate with each other
in order to exchange and share information. Also the two
networks are different in terms of mobility where the carsin
VANET are characterized by fast movement, limited degrees
of freedom in node movements and high speed variations as
compared to that of the nodesin MANETS.
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In this paper we have evaluated the performance of
AODV, DSR and DYMO with respect to three parameters
namely throughput, average end-to-end delay and average
jitter. The simulations were carried out using Qualnet 5.0
network simulator under twodifferent VANET environments
that were created to mimic the urban and highway mobility
patterns. The unicast routing protocols such as AODV, DSR
and DYMO are discussed in rest of the paper. In Section I11
we present the performance evaluation of routing protocols
for VANET environments and describe the scenarios
modeled in detail.

. ROUTING PROTOCOLS

Vehicular Adhoc Networks can be coined as an effective
subset of Mobile Adhoc networks where most of the
operating principles, characteristics and constraints are
similar and mostly the difference in VANET comes in the
form of high speed mobility and randomness in mobility
patterns as compared to that of MANETS. Hence the routing
protocols that are applicable to MANET will also support the
VANET environments. It is a well known fact that AODV
and DSR are the most popular and proven routing protocols
supporting MANET network functionalities [1] and here we
take into account one more protocol, called the DYMO
protocol [2] which is essentially a modification of the
AODV.

A. AODV:

Ad-hoc on demand distance vector routing protocol
(AODV) is a packet routing protocol designed for wireless
and mobile networks. This protocol establishes a connection
between source node and destination node. In a network a
node wants to sends a datato other node meansit first sendsa
route request packet to a nearby node. A nearby node sends
that packet to its all neighbor node in a network. During this
transmission a particular node establishes a route table and
storesthe information in the route table. Thistype of protocol
supports  both unicasting and multicasting. AODV is
considered as an on —demand protocol because it does not
create any extra traffic for communication along links. This
type of protocolsis silent until establishment of connection.
The intermediate nodes in the network forward the packet
and store them in the route table.

B.DSR:

Dynamic source routing protocol (DSR) is a
trouble-free and proficient routing protocol for wireless
networks. It is similar to AODV but it contains route
discovery and route maintenance. This type of protocol
allowsthe network to be self organized and self configurable,
it does not depend on any existing network or infrastructure.
During the packet transmission it does not use periodic
routing message and it will generate error message due to
failureinthelinks.
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The intermediate node ID is stored in the header of
dynamic source routing protocol. In AODV protocol while
transmitting a packet from source node to destination node
the destination address is carried by the packets but in DSR
protocol the full routing information is carried by data
packets.

C.DYMO:

Dynamic MANET on-demand routing protocol (DYMO)
is a protocol for Mobile adhoc networks. is type of protocol
work on both proactive and reactive routing protocol. A node
wants to send a data to the destination node means it
establishes a connection between its neighbor node, a
neighbor node receives a route request and stores the packet
and sendsroute reply to the source node. A intermediate node
again sends a route request to its neighbor node and the
connection is established means it receives route reply from
its neighbor node. Similarly a neighbor node establishes a
connection and sends the data to the destination node and
receives a route reply from the destination node.DYMO
provides various enhanced features like covering possible
MANET-Internet gateway scenarios and implementing path
accumulation.

111 PERFORMANCE EVALUATION

For evaluating the performance of routing protocols
mentioned above, we used the Qual het 5.0 network simulator
[10]. The simulation results were compared at the application
level with respect to throughput, average end-to-end delay
and average jitter. To analyze the protocol performance we
considered two different types of scenarios: a scenario that
resembles the traffic inside city/urban environment and
another scenario that resembles the traffic in a freeway.

Scenario Characteristics
Urban scenario:

In this scenario atotal of 10 nodes were considered
for the simulation and they were placed at random placesin
the terrain of area 1000m X 1000 m. Fig. 2 shows an
exemplary scenario that has been created using the Qualnet
simulator.
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Fig. 1. Scenario for Urban traffic

In order to define the mobility for the nodes in the setup we
used Random Waypoint Mobility model with a pause time of
30 seconds. The maximum speed associated with each node
was set to 10mps. The total simulation time was set to 4
minutes and a single CBR connection was setup between two
nodes for alength of 2 minutes. The same scenario was used
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to analyze the three different routing protocols namely
AODV, DSR and DYMO.

TABLE |
SIMULATION SETUP FOR URBAN TRAFFIC
Simulation Area 1000m X 1000m
No. of Nodes 10
Mobility RWP
Pause Time 30s
Application Used CBR
Simulation Time 4 minutes

Freeway scenario:

The freeway mobility based simulation scenario was
constructed with a simulation terrain of area 2000m X
2000m. An exemplary figure depicting the node placement
and scenario setup isgivenin Fig. 2.

TABLE 11
SIMULATION SETUP FOR FREEWAY TRAFFIC

Simulation Area 2000m X 2000m

No. of Nodes 10
Mobility FWP
Application Used CBR
Simulation Time 4 minutes
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Fig. 2. Scenario for Freeway traffic

Similar to the urban mobility based simulation the number of
nodes was set to 10 with a total simulation time of 10
minutes. A single CBR connection of time length 4 minutes
was set between two nodes. We employed fixed waypoint
mobility to al the nodes considered for simulation and a
mobility pattern that is analogous to vehicular movement
along two opposite lanes in a highway was achieved.

The nodes were made to move along fixed flag points at
constant speed athough the speed of individual nodes differ
from each other just like asthe carsthat are travelling along a
freeway. The same scenario was used to test the three
different routing protocols AODV, DSR and DYMO.
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IV SIMULATION RESULTS 0.4 -

Three different set of simulationswere carried out on both the 0.3369
scenarios, urban mobility based model and freeway mobility | 0-35
based model. Each of the simulation was done corresponding
to one of the three routing protocols, AODV, DSR and
DYMO. The simulation was analyzed with respect to three 0.25
parameters associated with the application layer namely
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Fig.8: Average Jitter for urban based mobility model
V CONCLUSIONS

From the results obtained it is clear that DYMO protocol is
best suited for VANET environments, especialy in the
scenario for freeway traffic where DYMO easily overtakes
AODV and DSR in terms of throughput, end-to-end delay
and jitter. A good routing protocol should have a high degree
of throughput while the average end-to-end delay and
average jitter should be very minimal. The Throughput of
DYMO was found to be 3612 bits/second whereas AODV
and DSR achieved around 3437 and 3367 bitsy/'second
respectively. DY MO protocol worked with the least of delays
of al the three protocols and it was around 0.05801 seconds.
Surprisingly, the throughput for DSR protocol dlightly
overtakes the other two routing protocols in the scenario
resembling urban traffic but still this cannot be taken as a
single parameter to validate the effectiveness of that
particular routing protocol over the other two since DSR
suffers from huge end-to-end delay and average jitter of
around 0.3594 and 0.3174 seconds respectively, which is not
suitable for VANET. So when we take into consideration the
combination of all the above mentioned parameters DYMO
comes out as the preferable and best suited routing protocol
for VANET environments.

VI. FUTURE WORK

This work gives a preliminary idea about the VANET
environments in both urban and freeway based traffic but
cannot be considered as an accurate one hence in future more
realistic mobility models like the SUMO mohility generated
can be used to model the traffic and mobility patterns for
urban and freeway based traffic more accurately and then the
simulations may be carried out to verify this preliminary
work.
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