
Performance analysis of AODV &GPSR 
routing protocol in VANET 

Neeraj Sharma 
Department of Computer Science, 

 Himachal Pradesh University Shimla 
Neeraj_Sharma132@yahoo.co.in 

Jawahar Thakur 
Department of Computer Science,  

Himachal Pradesh University Shimla 
Jawahar.hpu@Gmail.com 

Abstract—VANET (Vehicular Ad Hoc Network) is an emerging technology to achieve intelligent inter 
vehicle communications, it is the specialized derivation of pure multi hop ad hoc networking and are 
already going through industrial prototyping; the dreamed idea of general purpose vehicular ad hoc 
network is still away from reality. Vehicular communication has been one of the hottest topics for the last 
few years. The vision for VANETs is road safety and commercial comfort applications enabled by short-
range wireless technology. Many routing protocol have been purposed for such kind of networks, most of 
them try to exploit the information, which may be available at the vehicle by the time a routing decision 
must be made. In this paper we have perform analysis the AODV & GPSR routing protocol used in 
VANET and conclude them. 

Keywords— Multi hop ad hoc networks, IEEE 802.11, Wireless LAN, VANET, AODV, GPSR and Protocol 

INTRODUCTION  

Recently there has been increasing interest in exploring computations and communication capabilities in 
transportation system. Many automobiles manufacture started to equip GPS, digital map and communication 
interface with new vehicles. Exiting cars can easily upgrade with the rapid advance of information technology.  
The increasing demand of wireless communication and the need of new wireless devices have tend to research a 
self organizing, self healing network without the interference of centralized or pre established infrastructure. 
The networks with the absence of any centralized infrastructure are called ad hoc networks [1]. 

 Vehicular Ad Hoc Network (VANET) is the special class of Mobile Ad Hoc Networks (MANET) [2] with 
unique feature. Most nodes in VANET are mobile, but because vehicles are generally constrained to road layout, 
speed limit, another vehicle position and traffic jam etc. VANET is one of the influencing areas for the 
improvement of Intelligent Transportation system (ITS) in order to provide safety and comport to the road users. 
VANET assists vehicle drivers to communicate and to coordinate among themselves in order to avoid any 
critical situation, e.g. Road side accidents, traffic jams, free passage of emergency vehicles and unseen 
obstacles. Beside safety applications VANET also provide comport application to the road users such as weather 
information, Mobile e-commerce, and Internet access, multimedia applications.  

VANET have particular features like distributed processing and organized networking, a great number of 
nodes, speed of those nodes is a constraint, highly variable network topology, signal transmission blocked by 
building and finally there is no significantly a power constraint. So the routing is the more important aspect in 
the field of VANET. A simple definition of routing is learning how to get from here to there, in routing route are 
both source and destination dependent. VANET Support three type of communications according to 
Environment (WAVE) standard based on the emerging IEEE 802.11p Specification. VANET enables vehicle-
to-vehicle (V2V), vehicle-to-infrastructure (V2I) and infrastructure –to- infrastructure (I2I) communications [3].  

This paper is organized as: Section 2 gives Network Architecture and Characteristics of VANET. In section 3 
we give Routing basics and Architecture. Section 4 describes the overview of AODV and GPSR routing 
protocols. Simulation set up and results are described in Section 5 and Section 6. Finally conclusion is given in 
Section 7.  
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I. NETWORK ARCHITECTURE AND CHARACTERISTICS  OF VANET  

VANET is a sub class Mobile ad hoc Network (MANET)with unique features so as to the nodes are vehicle 
like trucks, cars, buses, and motorcycles , so this involve the node progress is restricted by reasons/facts related 
to road course, enclosing traffic and traffic policies for the reason that  of the constrained node faction it is a 
practical postulation that the VANET will be support by some fixed infrastructure that gives a hand with some 
services and can endows with admittance to stationary network. Nodes are anticipated to corresponding by 
means of North American DSRC standard that utilize the IEEE 802.11pstandard for wireless communication [4] 
[5]. Wireless ad hoc network do not depend on fixed infrastructure, access point for communication and 
dissemination of information. VANET follow the same principle and apply it to the highly dynamic 
environment of surface transportation. The architecture of VANET consist of three categories; pure 
cellular/WLAN, Pure ad hoc and Hybrid, In Pure Cellular /WLAN, VANET may used cellular gateways and  

 

 
Fig. 1(a) WLAN/Cellular [7] 

 
Fig. 2(b) Ad Hoc [7] 

 
Fig. 3(c) Hybrid [7] 

WLAN/WiMax access point at traffic intersections to connect to the internet, gather traffic information or for 
routing purpose. In case of Pure ad hoc Network vehicle can communicate another vehicle without- any RSU 
(Road Side Unit). Hybrid is a combination of both type of Architecture. Node in VANET can self organized and 
self manage the information in distributed fashion without any centralized authority. Since the nodes are mobile 
so data transmission is less suitable and sub optimal. Some of the distinguish feature of VANET [2] [6]: 
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TABLE I                    SHOWING VARIOUS FEATURES OF VANET 

Features  Descriptions 
High Dynamic Topology Since vehicle are moving at very high speed. Topology formed by vehicles is always 

changing 
Frequent disconnected 
Network 

The highly dynamic topology results in frequent disconnected network 

Predictable Mobility Vehicles tend to have very predictable mobility that are limited to road and traffic conditions 
Propagation Model Propagation Model is not supposed to be free space, because of presence of buildings, trees 

and other obstacles. 
Sufficient energy and 
storage 

In VANET nodes are vehicle, therefore nodes having sufficient amount of energy and 
computing power  

A. Design Factors 

There are many factors to consider when designing a VANET. Will the network be vehicle –to-vehicle only 
or could road side units be used for communication? Which vehicular system will be employed in the network? 
These and many other aspects will require analysis when determining the features and   capabilities of a 
VANET [8]. 

B.  Vehicle-to-Road side communication 

 New technologies that will allow vehicle to road side unit are in progress. The IEEE 802.11p standard 
provides wireless devices with the ability to perform the short-duration exchanges necessary to communicate 
between high- velocity vehicle and a stationary road side unit. This mode of operation, called WAVE (Wireless 
access in vehicle environments) operate in a 5.9GHz band and support the Dedicated  Short range 
Communications (DSRC) Standard sponsored by the US Department of transportation. These standards support 
systems that communicate from vehicle –to-vehicle, vehicle-to-road side, or both. 

C. Vehicle –to-vehicle communication 

Installing fixed infrastructure on roads incurs great expenses, so vehicle-to-vehicle (V2V) communication is 
necessary to expand the effective range of networked vehicles. VANET require feature not provided by cellular 
network-based systems such as low data transport times for emergency warnings and robustness due to the 
network’s decentralized structure. 

D. Communication Paradigms 

Like other kinds of networks, different communication paradigms can be supported in VANETs .Unicast 
communication provides the ability for one node to communicate with the target node in the network. The target 
node may be in a precise known location or an approximate location within a specified range. Multicast 
communication allows message to be sent to multiple destinations using the most efficient route possible. For 
instance, when a traffic jam occurs at a particular location on a road ways, it would be valuable to send message 
to vehicles approaching that point so that they can take alternative routes. Broadcast communication allow 
message to send to all the nodes in its range useful in providing information related to bad road conditions and 
weather conditions. 

E. Environmental Constraints 

VANETs operate in a very different environment than most computing applications. The high velocities at 
which vehicles move sometimes reduce the amount of time available for message exchanges. Protocols need to 
take advantages of vehicles moving in the same direction at relatively similar speed to maintain connection for 
longer period of time. Protocols must operate well in both city roads and highways. City Street poses a unique 
set of geographic constraints as buildings between streets often form obstacles for radio signals that must be 
routed around. Road characteristics such as traffic signals and stop sign affect the flow of traffic in urban areas. 
On highway, low vehicle density must be considered. Traffic density, often measured in the number of vehicles 
per unit distance, has a large influence on road capacity and vehicle velocity. In low traffic density, vehicles 
tend to move at faster rates, but as traffic density increases, vehicles slow down. Very high traffic density also 
cause both relative speed and distance between vehicles to become stable. 

F. Issues and Challenges  

Maxim Raya and jean-Pierre Hubaux proposed in a model that identifies the major threats to communication. 
Since VANETs is vehicular ad-hoc networks are likely to become the most relevant form of mobile ad-hoc 
networks. The communication between vehicle and to the road side infrastructure should be free from all type of 
attacks so that the vehicles can share information in a secure network. They provide a set of protocols and 
shown that public key cryptography is fit for the security of these networks by analyzing their robustness. 
V.Gligor et.al proposed in that among civilian communication systems, vehicular ad-hoc networks emerge as 
one of the most is convincing and yet most challenging instantiations of the mobile ad-hoc networking 
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technology. They outline security requirements for the vehicular communication systems and provide models 
for the system and communication, as well as models for the adversaries. Kung el.al proposed in security 
architecture for vehicular communication. The primary objectives of the architecture include the management of 
identities and cryptographic keys, the security of communications, and integration of privacy enhancing 
technologies. Their design approach aims at a system that relies on well-understood components which can be 
upgraded to provide enhanced security and privacy protection in the future. 

II. ROUTING BASICS AND ARCHITECTURE FOR VANET 

Routing is learning how to get from here to there, in routing are both source and destination dependent. The 
principle criteria for successful routing in VANET are correctness, reliability and .most direct route i.e. one that 
take the least time. VANET Is an Open architecture, which based on principle that account for what is 
happening in the real world rather than optimal solution. The VANET routing architecture applies to hop-by- 

. 
 

 
 

Fig. 2 Routing Protocol Architecture in VANET 

hop connectionless open system routing in general. Based on observation routing architecture should posses 
the following points .i.e. Scale well, support different sub networks, adapt to dynamic topology. The VANET 
Routing Architecture in Figure.1 consists of [9]: 

 A set of routing protocols that allow End System (ES) and Intermediate System (IS) to collect and 
distribute the information necessary to determine route. 

 A Routing Information Base containing the information from the set of routing protocols, it can be 
thought of as the collective information of entire subsystem concerning among the routing relevant 
connectivity among the component of that subsystem. 

 A Routing Algorithm that uses the information contained in the Routing Information Base to drive 
routes between end subsystems 

End System (ES) and Intermediate System (IS) use routing protocols to distribute their information stored in 
their locally maintained Routing Information Base. Es and Is send and receive these routing updates, and use the 
information that they contained, that may available from local environment. The Routing Information Base 
consists of a table of entries that identify a destination e.g. network service access point address , the sub 
network over which packet should be forwarded also known as next hop. The following illustrate the 
decomposition of the VANET routing function 
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III. OVERVIEW OF ROUTING PROTOCOLS IN VANET 

Routing protocols is a standard that control how node decide to route the incoming packets between devices 
in a wireless domain and further distinguish in many types. Routing in VANET exhibits different feature from 
classical ad hoc networks. First the mobility of vehicle is restricted by the road layout, other vehicle movement 
and traffic rules. It also allow affected by external factor like weather condition or the time frame under 
consideration. There is also a different distribution of vehicles, from vehicular mobility pattern one can drive 
that vehicle tend to move in groups forming clusters. Thus network become highly partitioned and an end to end 
path between the source and destination might not exit at the time of sending a message [10] [11]. 

Because of the great number of vehicle which may participate on a VANET, routing protocol need to be 
localized to ensure their scalability, usually vehicle make routing decisions solely based on information locally 
available in their close vicinity, therefore exchanging information with neighboring vehicles via beacon message 
is a fundamental part of routing protocol, vehicles can obtain position information from system like GPS and 
Galilo. 

Vehicular ad- hoc routing is mainly classified as Unicast, Multicast and broadcast routing. Uincast routing 
protocols support one to one communication between the nodes and mostly useful in vehicle to vehicle 
communication. Multicast routing is used to disseminate the message to specified area and effective in 
conditions like traffic jam and accidents, broadcast routing is useful to communicate  with all the nodes in its 
transmission range and helpful in conditions like bad road and whether conditions. 

In this paper we mainly emphasis on unicast routing protocols, which broadly classified into two types; 
Topological and geographical routing protocol. Topology based routing use link information that exit in the 
network to perform packet forwarding, and further classified into proactive, reactive routing and hybrid routing 
protocols. Geographic routing protocols use the geographic position of the nodes to make the routing decisions. 
It is assumed that every node known its own geographical location using global positioning systems (GPS). We 
took the protocol from both these categories and perform the analysis. Our protocols are AODV and GPSR. 

G.   Ad- HOC On-Demand Distance Vector Routing Protocol (AODV) 

  AODV is a well known Reactive routing protocol mostly used in Ad-hoc networks. It represents source 
initiated class of routing protocols where the route is created only when the source requests a route to a 
destination. A route discovery procedure is active when the route is requested by the source and special route 
request packets are flooded to the network starting with their immediate neighbors. Once a route is formed the 
route discovery process comes to an end. Route maintenance procedure maintains the active routes for the 
duration of their lifetime. AODV[13] worked as follows, whenever a node start communication with another 
node, it looks for an available path to its local routing table, if there is a path available then it’s used for 
communication  otherwise the start node broadcast a route request ( RREQ) message to its neighborhood. Any 
nodes that receive the message look for a path leading to the destination node. If there is no path then it 
rebroadcast the RREQ message and sets up a path leading to RREQ originating node. This helps in establishing 
the end to end path when the same node receive the route reply (RREP) message. If it’s fail to established the 
path, a route error (RERR) message is issued. In case if we need to extend the link a hello message is used. A 
hello is special RREP which is only valid for its neighbors. A node may periodically broadcast   a hello message 
so that no link breakages are assumed by its neighbors when they do not hear anything for a long time, in case a 
link in active routes breaks a node can try to repair the route locally. There exit a special (RREP-ACK) package 
which is used for unreliable or unidirectional links. Every node using AODV maintain a routing table, which 
contain a next hope node, a sequence number and a hop count. 

AODV does not introduce routing overhead until a route request is made. This help in proper utilization of 
bandwidth by the routing protocol, on the other hand it introduce an initial latency, where a node has to wait for 
some time to find the path to the destination. This can be problematic for time critical and safety related 
application. 

H.  Greedy Perimeter Stateless Routing (GPSR) 

GPSR is a well known Geographic routing protocol which use the geographic position of the nodes to make the 
routing decisions, it assumed that every node known its own geographical  location using global positioning 
systems(GPS). GPSR[14] makes greedy forwarding decisions using only information about routers immediate 
node in the network topology. When a packet reaches a region where greedy forwarding is impossible the 
algorithm recovered by routing around the perimeter of the region by keeping state only about the local 
topology. GPSR uses the greedy approach to find out the immediate neighbors, which works on the principle 
that the optimal node is the one which is closest to the destination. An example of greedy next node explained in 
the figure. Here, x, want to send a packet to the destination D. 
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Fig.3 Greedy Forwarding 

x’s radio range is denoted by the dotted circle, and it forward the packet to y,  which is closest to destination 
D, the process carry on until the packet reaches to the destination. In case of greedy failure or not receiving a 
beacon from a neighbor for longer than time out interval T, GPSR router deletes the neighbor from its table. 
Greedy forwarding great advantage is its reliance only on knowledge of only forwarding node immediate 
neighbors. This helps VANET due to high vehicular mobility. Since each vehicle maintains only local 
information, these methods can scale to network with large number of vehicles. Here each vehicles are assumed 
to be equipped with GPS or other location services, so that they can determine their own location without 
incurring any overhead. The set of all neighbors and their respective locations are discovered using periodic 
beacon messages that are exchanged among nearby nodes. Since the vehicles do not have global knowledge of 
the network topology, the forwarding decisions are often locally optimal and may not be globally optimal, as a 
result protocol leads to dead end. To solve the dead hand problem GPSR proposed the perimeter forwarding 
algorithm, but it’s not as efficient, especially in urban environment. 

IV. SIMULATION SETUPS 

To evaluate the performance of these protocols we use the network simulator NS-2.34 and the default version of 
these protocols. We evaluate the results in highway and city environment and consider the different density of 
vehicle i.e. Low (<15), medium (20-30) and high (<50). VANET in highway can be characterized as partially 
connected network with low node density, high mobility and considering routes over vehicles driving on the 
straight in the same direction. In city scenario it consists of several vertical and horizontal streets as well as 
many crossing and junction. The traffic density is very high in city scenario. To evaluate the performance of 
these protocols we use the following performance metrics. 

Packet Delivery Ratio:- is the ratio of the data packets successfully received at the destination  and total 
number of data packet generated at source. 

PDR = (DATAR/DATAS)*100. 

Where DATAR = Data Packet received by the CBR agent at destination node  

DATAS = Data Packet sent by the CBR agent at source node 

Delay of first data Packet:- delay of first data packet gives the delay from packet transmission by the source 
node till packet reception at the destination node. This metrics help in to calculate and improve the response 
time. 

Delay of first data packet: = (T_DATAR – T_DATAS) 

Where T_DATAR = Time first data packet received at the destination node  

T_DATAs = Time first data packet sent from source node 

Normalized Routing Overhead (NRO):- it indicates the number of routing packets transmitted per data 
packets delivered to the destination. This includes all routing packet types (request, reply and error) in the 
network. 

NRO = (CP Sent + CP R) / DATAR 

Where CP Sent = control packets send by all the nodes. 

CP R = Control packet received by all the nodes 

DATAR = Data Packets received at the destination node. 
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V. RESULTS AND DISCUSSIONS 
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Fig.4a: Packet delivery ratio for city scenario 
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Fig.4b: Packet delivery ratio for highway scenario 

Figure 4a and 4b shows the packet delivery ratio for city and highway scenario in which AODV performs well 
at low and medium density of vehicle but as the density increase the performance of AODV decreases on the 
other hand PDR of GPSR is less than AODV but improves as density of vehicles increases. 
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Fig 5a: Delay of first data packet for city scenario 
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Fig 5b: Delay of first data packet in Highway scenario 

Figure 5a and 5b shows the delay of first data packet in which GPSR perform better than AODV in both 
scenarios. In case of AODV as the density of vehicle increases its delay is also increases.  
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Fig 6a: Normalized routing load for city scenario 
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Fig 6b: Normalized routing load for highway scenario 

Figure 6a and 6b shows NRL of AODV and GPSR is increasing with increase in the vehicular density, but 
GPSR have low NRL than AODV. 

VII. CONCLUSION 

We conclude that Packet loss is less in case of AODV, initially but it increases when the node density 
increases on the other hand GPSR the packet loss is very high and even outperforms the AODV in high node 
density. In case of delay of first data packet GPSR outperforms the AODV in both city and highway scenarios. 
The region for poor performance of AODV is the root discovery process precedes every data transmission to 
unknown destination. So we conclude that AODV is well suited in VANET where packet ratio is very important 
and vehicular density is low but not in application where quick response time is required and GPSR performed 
well in geographically sparse network having high vehicular density. In future we want to add direction 
constraint to GPSR protocol and compared improved protocol  with other VANET routing protocols. 
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