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ABSTRACT
Vehicular Ad Hoc Network (VANET) is a sub class of mobile ad
hoc networks. VANET provides wireless communication among
vehicles and vehicle to road side equipments. The communication
between vehicles is used for safety, comfort and for entertainment as
well. The performance of communication depends on how better the
routing takes place in the network. Routing of data depends on the
routing protocols being used in network.
In this study we investigated about different ad hoc routing
protocols for VANET. The main aim of our study was to identify
which ad hoc routing method has better performance in highly
mobile environment of VANET.
To measure the performance of routing protocols in VANET, we
considered two different scenarios i.e. city and highway. Routing
protocols were selected carefully after carrying out literature review.
The selected protocols were then evaluated through simulation in
terms of performance metrics i.e. throughput and packet drop.
After simulation results, we used MATLAB to plot the graph to
compare the results of selected routing protocols with each other.
Moreover, we computed the sum of output from each scenario to
clearly present the difference in results. From results, we observe
that A-STAR shows better performance in form of high throughput
and low packet drop as compare to AODV and GPSR in city
environment, while GPSR shows better performance as compare to
AODV in both highway and city environment of VANET.
Based on the results of performance metrics in different
environments of VANET, we realized that position based routing
method of VANET outperformed the traditional ad hoc topology
based routing. However, it is hard to provide any universal routing
protocol that can deal with all the various environments of VANET.
The selection of a single routing protocol is hard in VANET because
the protocol performance depends on vehicle speed, driving
environment etc. That may vary from one environment of network to
another.

Keywords: VANET, Routing Protocols, MANET
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ACRONYMS
VANET

Vehicular Ad Hoc Network

MANET

Mobile Ad Hoc Network

ITS

Intelligent Transportation System

V2V

Vehicle to Vehicle

V2I

Vehicle to Infrastructure

AODV

Ad hoc On Demand Distance Vector Routing

DSR

Dynamic Source Routing

GPSR

Greedy Perimeter Stateless Routing

DSDV

Destination Sequence Distance Vector

A-STAR

Anchor based Street and Traffic Aware Routing

GSR

Geographic Source Routing

GPCR

Greedy Perimeter Coordinator Routing

OLSR

Optimized Link State Routing

STAR

Source-Tree Adaptive Routing

RREQ

Route Request

RREP

Route Reply

ZRP

Zone Routing Protocol

MDDV

Mobility-centric Data Dissemination algorithm for Vehicular networks

RNG

Relative Neighborhood Graph

GG

Gabriel Graph

NCTUns

National Chiao Tung University Network Simulator
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1
1.1

INTRODUCTION

Introduction

The increasing demand of wireless communication and the needs of new wireless devices have tend to
research on self organizing, self healing networks without the interference of centralized or preestablished infrastructure/authority. The networks with the absence of any centralized or pre-established
infrastructure are called Ad hoc networks. Ad hoc Networks are collection of self-governing mobile
nodes [24].
Vehicular Ad hoc Networks (VANET) is the subclass of Mobile Ad Hoc Networks (MANETs). VANET
is one of the influencing areas for the improvement of Intelligent Transportation System (ITS) in order to
provide safety and comfort to the road users. VANET assists vehicle drivers to communicate and to
coordinate among themselves in order to avoid any critical situation through Vehicle to Vehicle
communication e.g. road side accidents, traffic jams, speed control, free passage of emergency vehicles
and unseen obstacles etc. Besides safety applications VANET also provide comfort applications to the
road users. For example, weather information, mobile e-commerce, internet access and other multimedia
applications [9]. The most well known applications include, “Advance Driver Assistance Systems
(ADASE2), Crash Avoidance Matrices Partnership (CAMP), CARTALK2000 and Fleet Net” that were
developed under collaboration of various governments and major car manufacturers [9]. Figure 1 shows
the overall working structure of VANET.

Figure 1: Vehicular Ad Hoc Network overview
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1.2

Background

VANET belongs to wireless communication networks area. VANET is the emerging area of MANETs in
which vehicles act as the mobile nodes within the network. The basic target of VANET is to increase
safety of road users and comfort of passengers. VANET is the wireless network in which communication
takes place through wireless links mounted on each node (vehicle) [1]. Each node within VANET act as
both, the participant and router of the network as the nodes communicates through other intermediate
node that lies within their own transmission range. VANET are self organizing network. It does not rely
on any fixed network infrastructure. Although some fixed nodes act as the roadside units to facilitate the
vehicular networks for serving geographical data or a gateway to internet etc [2]. Higher node mobility,
speed and rapid pattern movement are the main characteristics of VANET. This also causes rapid changes
in network topology [3].
VANET is a special type of MANET, in which vehicles act as nodes. Unlike MANET, vehicles move on
predefined roads, vehicles velocity depends on the speed signs and in addition these vehicles also have to
follow traffic signs and traffic signals [9]. There are many challenges in VANET that are needed to be
solved in order to provide reliable services. Stable & reliable routing in VANET is one of the major
issues. Hence more research is needed to be conducted in order to make VANET more applicable. As
vehicles have dynamic behavior, high speed and mobility that make routing even more challenging.
VANET routing protocols history starts with traditional MANET protocols such as AODV (Ad hoc on
Demand Distance Vector Routing) [22] and DSR (Dynamic Source Routing) [8]. AODV and DSR have
been considered efficient for Multi hop wireless ad hoc networks [1].
Various routing protocols have been proposed to make routing more efficient and reliable in VANET [4].
Multi hop routing protocols like MDDV [7] and VADD [6] uses vehicles (nodes) on road to deliver
packets. Static-Node Assisted Adaptive routing protocol in Vehicular Networks (SADV) uses static nodes
to route traffic [4]. Some geographical based routing protocols (GFG and GOAFR) also have been
developed [5] to provide scalable communication in VANET. Road-Based using Vehicular Traffic
information (RBVT) uses real time information to route traffic. RBVT have been further extended to
proactive protocol RBVT-P and reactive protocol RBVT-R to route the traffic in VANET [5].

1.3

Problem Statement

Previous studies on VANET routing focused more on single ad hoc routing method (e.g. most researchers
focused on traditional ad hoc topology based routing, while some other focused on position based ad hoc
routing method in VANET). The selection of routing method heavily depends on the nature of the
network. Thus single ad hoc routing method is not sufficient enough in meeting all the different types of
ad hoc networks. In this study we focus on different ad hoc routing methods and figure out which recent
advancement had been made to provide „in time‟ and scalable routing in order to avoid any critical
situation on roads. Furthermore, most researchers focused on single environment of VANET i.e. either on
highway or in city to evaluate the performance of different routing protocols. Therefore in our study we
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focus on both environments i.e. city and highway for the performance evaluation of different routing
protocols. Moreover, the performance of different routing protocols had not been well measured since
each researcher used different simulator and performance metrics for performance evaluation. Due to
aforementioned problems there is continuous need to study various ad hoc routing methods in order to
select appropriate method for different environments of VANET.

1.4

Aims and objectives

Aim of our study is to identify which ad hoc routing method has better performance in VANET. The main
purpose of our thesis is to study different routing methods of ad networks which is applicable in VANET
and to find protocols that more suitable in various scenarios (City & Highway). We will use these
parameters i.e. throughput and packet drop for comparison with already implemented protocol in
VANET. On the basis of comparison we will be able to suggest which routing protocol is suitable for
which scenario of VANET.
To achieve this aim we have set the following objectives:


Finding problems with traditional MANET routing protocols used in VANET.



Finding problems with various proposed routing techniques for VANET.



Comparing performance results of the suggested protocols with the traditional MANET routing
protocols.

1.5

Research questions

We will answer the following question in our thesis.
Research Question 1: What are the different routing protocols used in traditional ad hoc networks and
which of these routing protocols are applicable in VANET?
With the context of our thesis it is important to discuss the routing protocols of MANET, as VANET
inherit several characteristics from MANET.
Research Question 2: What are the issues in VANET routing protocols?
The main contribution of our thesis work is to find out the issues and challenges of routing that arise in
position based routing techniques in VANET.
Research Question 3: How to evaluate the performance of routing protocols in VANET and which of
these routing protocols have better performance?
The purpose of this question is to validate the finding from the first two questions. Through simulation we
will compare already proposed routing protocols in VANET to be able to suggest which routing protocol
is suitable for different environments such as highway and city of VANET.
12

1.6

Related work

Several routing protocols have been defined by many researchers for VANET. With the passage of time
there is a need of having new protocols in order to have successful communication. The history of
VANET routing begins with the traditional MANET routing protocols. Several „topology‟ based routing
protocols for MANET had been analyzed for VANET.
Jerome Haerri et.al [11] evaluated the performance of AODV and OLSR for VANET in city environment,
in their study all the characteristics are handled through the Vehicle Mobility Model. Their study showed
that OLSR has better performance than AODV in the VANET, as the performance parameters that they
used have less overhead on the network as compared to OLSR.
Performance analyses of traditional ad-hoc routing protocols like AODV, DSDV and DSR for the
highway scenarios have been presented in [10], and the authors proposed that these routing protocols are
not suitable for VANET. Their simulation results showed that these conventional routing protocols of
MANET increase the routing load on network, and decrease the packet delivery ratio and end to end
delay.
Kakkasageri et .al [1] compared AODV and DSR with Swarm intelligence routing algorithm and have
shown that AODV and DSR has less performance than swarm intelligence routing algorithm in VANET.
O. Abedi et.al enhanced traditional MANET routing protocol AODV to improve route stability and less
overhead of network and makes it suitable for VANET, they named it as PAODV and DAODV [12, 13].
Their study showed that more appropriate routes can be found with and without mobility prediction. In
their study, they selected fewer routes to overcome routing overhead on network and this effect
overcomes the link breakage as compared to AODV.
Besides conventional ad hoc routing protocols, several position based routing protocols have been
proposed. The comparison between topology based and position based routing had been carried out in
[14, 15] and study showed that position based routing is more suitable than topology based routing in
highly mobile environment like VANET. As delivery ratio of position based routing protocol is higher
than topology based routing protocol. Genping Liu et.al [16] proposed a new position based routing
protocol Anchor based Street and Traffic Aware Routing (A-STAR). A-STAR was evaluated in city
environment and it used road maps to calculate the number of nodes by which packet successfully reach
to its destination. It showed that delivery ratio is more successful and it also decreased end to end delay.
Moreover, some position based routing protocols had been proposed that need geographic information for
the selection of nodes. Karp and Kung [17] proposed a position based routing protocol i.e. greedy
perimeter stateless routing (GPSR) that uses geographic information of the nodes which are close to
destination in order to forward data packets and make communication successful. But this routing
algorithm has some problems when it was evaluated for large city environments because it uses direct
communication and with the existence of obstacles (building) in the city environments may interrupt the
communication. To overcome these problems several other protocols have been defined in [18, 19]. The
proposed protocols in [18] used topology information with the position based routing to deliver data from
source to destination.
Our research in VANET not only focused on single routing issue. We focused on traditional MANET
routing protocols applicability to most recently proposed position based VANET routing protocols. We
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then compared their performance in order to be able to suggest which routing protocol has better
performance in highway and city scenarios in VANET.

1.7

Outline

Chapter 2 gives details about the Research Methodology which we adopted to conduct our thesis work.
We present our theoretical work in chapter 3 and 4. In chapter 3, we discussed about different traditional
mobile ad hoc routing protocols and their applicability in VANET. Chapter 4 highlights the issues of
recently proposed position based routing protocols in VANET and it also provides with the details of
available approaches which can be use to overcome these issues. In chapter 5, we present empirical work
of our study and in addition it also discusses about the simulation and modeling in accordance with our
study. In Chapter 6, we compare and evaluate selected traditional ad hoc routing protocols with position
based routing protocols of VANET through simulation. Finally, we provide the conclusion of our study
and future work.
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2

RESEARCH METHODOLOGY

In this chapter we discuss about the selected research methodologies which we have chosen to conduct
our study. Three types of research methods are discussed in literature i.e. quantitative, qualitative and
mixed methods [36]. We have selected mixed methods approach for our study. Mixed method approach
contains both the qualitative and quantitative approaches. In mixed method approach knowledge claims
is based on practical grounds. In this approach the inquiry strategies helps to better understand research
problems by gathering both numeric and text information either concurrently or sequentially. Hence
collected data represents both quantitative and qualitative information [36].

2.1 Qualitative approach
In qualitative approach “knowledge claims are based on either constructivist or participatory perspectives
or both”. The inquiry strategies for qualitative approach are “narratives, grounded theories,
phenomenologies, ethnographies and case studies” [36]. For our study, we used qualitative approach in
the following way:

2.1.1

Literature Review

A literature review helps to locate and summarize the study of a specific topic. For mixed methods study,
literature review is defined as a consistent way for major type of study either quantitative or qualitative
[36]. Reliable sources such as IEEE, ACM and books on wireless ad hoc networks were used for detailed
literature review in order to acquire relevant data, which assisted in answering the research questions.

2.1.1.1

MANET routing protocols

In this step, we thoroughly discussed about different routing methods used for MANET. The reason of
conducting detailed literature review for MANET routing methods was to check how the VANET routing
is influenced by routing protocols which are currently being used by MANET. Furthermore, MANET
routing protocols which are suitable to some extent for VANET were also kept in context while
conducting the literature review. In addition, it also assisted us in selecting the suitable routing protocols
in order to make comparison with VANET routing protocols. This comparison was based on evaluating
the performance of these routing protocols in VANET. Moreover, by studying routing methods of
MANET we were able to answer first research question.
RQ1: What are the different routing protocols used in traditional ad hoc networks and which of these
routing protocols are applicable in VANET?
2.1.1.2

Challenges in VANET routing protocols

In this section we identified the current challenges in VANET routing protocols. Furthermore, literature
review also assisted us in identifying, which VANET routing protocols suffers more from different
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environment such as highway and city. The detailed literature review for VANET routing protocols
guided us in choosing appropriate routing protocols for various network scenarios. Several research
articles and relevant books were studied in this regard. Hence we were able to answer the second research
question.
RQ2. What are the issues in the VANET routing protocols?

2.2 Quantitative approach
In a quantitative approach “Author develop knowledge by exploring cause-and- effect relationship” [36].
Quantitative approach use experiments (e.g. simulations) and surveys as their strategies of inquiry.
Statistical procedures are utilized on the acquired data using some unbiased approaches and results are
expressed numerically [36]. In quantitative part, we evaluated different routing protocols performance in
order to validate literature findings. By doing so we were able to answer our last research question.
RQ3. How to evaluate the performance of routing protocols for VANET and which of these routing
protocols have better performance?

2.2.1

Selection of Simulation Tool

Tool selection is important to validate any finding. We have selected NCTUns [35] to validate our
findings in the presence of various routing issues.

2.2.2

Network Design for Simulation

A network was designed for conducting simulations. The network design had various network
participants and each participant was configured properly as the nature of the network demanded. After
network design, performance was evaluated for each selected routing protocol through simulation in
terms of different performance metrics.

2.2.3

Results & Analysis

After network design various simulations were carried out to generate the results of selected routing
protocols in different network environments (scenario). These results were then analyzed in order to reach
the conclusion of our study.

2.3

Validity Threats

The potential challenges that affect the outcome of a research are known as validity threats [36]. Four
different types of validity threats from the literature are as follows:


Internal validity threats



External validity threats



Statistical Conclusion validity threats
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2.3.1

Construct validity threats

Internal validity threats

“Internal validity threats are experiment procedures, treatments or experiences of the participants that
threaten the researcher ability to draw correct inferences from the data in an experiment”[36]. To
overcome this threat we conducted simulation for our study and tried to simulate real scenarios. The
simulator we used was capable enough in showing results in the form of graphs. For this reason, same
type of network participants (nodes, traffic signals and obstacles) were selected for each simulation
scenario.

2.3.2

External validity threats

“External validity threats arise when experimenters draw incorrect inference from the same data to the
other persons, other settings, and past or future situations” [36]. The external validity threat in our study
was the results from the simulation as they may differ from real environment. To overcome this threat we
went through most of simulators. After comparison of various simulators we chose realistic traffic
simulator i.e. NCTUns, it provided network design that was more coherent to real environment.

2.3.3

Statistical conclusion validity

“It arises when experimenters draw inaccurate inferences from the data because of inadequate statistical
power or violation of statistical assumptions” [36]. In our simulations statistical conclusion validity may
arise. To avoid this threat we used MATLAB to generate graphs from the gathered data. This made it easy
to compare performance results from simulation.

2.3.4

Construct validity

“It occurs when investigators use inadequate definitions and measures of variables” [36]. We used
standard resources i.e. IEEE, ACM etc for definitions and all variables in our experiment were measured
according to the SI (System International) units.
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3
3.1

TRADITIONAL AD HOC ROUTING

Introduction

We did theoretical analyses of the traditional ad hoc routing protocols for VANET. Firstly, routing
methods for ad hoc network are discussed. Later in the chapter we presented, which conventional routing
protocols of MANET is applicable in VANET.

3.2

Mobile ad hoc networks routing

There are hundreds of routing protocols which have been proposed for ad hoc networks. In MANET no
fixed network topology is used. Therefore, mobile nodes adopt any runtime topology due to their own
dynamic behavior. In addition, there exists not even single method for routing in MANET, as network is
created at runtime.
MANET provides such kind of wireless communication in which the nodes are mobile. Furthermore,
MANET also facilitates such atmosphere to the mobile nodes in which they can connect anytime
anywhere in order to communicate among themselves. Several new handheld devices have been
introduced that have the facility to connect with other devices and can also communicate for exchanging
data amongst them [23]. Successful delivery of data among various nodes is impossible without the
routing protocols. So routing protocols for MANET is one of the challenging areas due to its dynamic and
ad hoc nature.
Many routing protocols have been developed so far to compete with sudden changes that may arise due to
nature of the networks. Route discovery, route maintenance and sudden change in the topology are the
major barriers for routing protocols in MANET. Due to these problems several routing protocols have
been developed that can meet the dynamic nature of ad hoc network. These different routing protocols are
named as topology based routing.
Further, in this chapter we focus on topology based routing protocols. These protocols and their types
were extensively studied in order to judge about their suitability in VANET.

3.3

Topology based routing

Several MANET routing protocols have used topology based routing approach. Topology based routing
protocols use link‟s information within the network to send the data packets from source to destination
[24]. Topology based routing approach can be further categorized in to three groups:


Proactive routing



Reactive routing



Hybrid routing
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Figure 2: Topology based Routing

3.3.1

Proactive Routing

Proactive routing protocols are mostly based on shortest path algorithms. They keep information of all
connected nodes in form of tables because these protocols are table based [21]. Furthermore, these tables
are also shared with their neighbors. Whenever any change occurs in network topology, every node
updates its routing table. Strategies implemented in proactive algorithms are Link-state routing (e.g.
OLSR) and distance-vector routing (e.g. DSDV). The working details for proactive routing protocols are
as follows:
Destination Sequence Distance Vector Routing (DSDV) [21] use Distance Vector shortest path routing
algorithm, it provides loop free single path to the destination. DSDV sends two types of packets “full
dump” and “incremental”. In full dump packets, all the routing information is send while in incremental
only updates are send. It decreases bandwidth utilization by sending only updates instead of complete
routing information. The incremental still increases the overhead in the network, because these
incremental packets are so frequent that makes it unsuitable for large scale networks.
Optimized link state routing (OLSR) [21] maintains routing information by sending link state
information. After each change in the topology every node sends updates to selective nodes. By doing so,
every node in the network receive updates only once. Unselected packets cannot retransmit updates; they
can only read updated information.
Source-Tree Adaptive Routing (STAR) [21] is another link State protocol. In STAR, preferred routes to
every destination are saved in each router. It reduces overhead on the network by eliminating periodic
updates. There is no need of sending updates unless any event occurs. This protocol can be suitable for
large scale networks but it needs large memory and processing because it has to maintain large trees for
whole network.
Proactive based routing protocols may not be suitable for high mobility nodes because distance vector
routing takes much bandwidth to share routing information with neighbors. Furthermore, size of the table
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is also quite big while discussing about large networks and in case of link state routing a lot of memory
and processing may also be required.
As in VANET, nodes (vehicles) have high mobility and moves with high speed. Proactive based routing
is not suitable for it. Proactive based routing protocols may fail in VANET due to consumption of more
bandwidth and large table information.

3.3.2

Reactive Routing

„On demand‟ or reactive routing protocols were designed in such a manner to overcome the overhead that
was created by proactive routing protocols. This is overcome by maintaining only those routes that are
currently active [21]. Routes are discovered and maintained for only those nodes that are currently being
used to send data packets from source to destination.
Route discovery in reactive routing can be done by sending RREQ (Route Request) from a node when it
requires a route to send the data to a particular destination. After sending RREQ, node then waits for the
RREP (Route Reply) and if it does not receive any RREP within a given time period, source node
assumes that either route is not available or route expired [23]. When RREQ reaches the particular
destination and if source node receives RREP then by using unicasting, information is forwarded to the
source node in order to ensure that route is available for communication.
Reactive routing can be classified either as source routing or hop-by-hop routing. In source routing
complete route information from source to destination is included in data packets. When these data
packets are forwarded to other intermediate nodes in the network, each node takes route information from
the data packet and stores it in the header of data packet. As a result, each intermediate node does not
need to update all route information in order to send packet to the particular destination [21].
The main drawback of source routing is that it may not be suitable for large scale networks, where
numbers of nodes are quite high and their behavior is highly dynamic such as VANET [22]. The first
reason is that as numbers of nodes are larger in large scale ad hoc networks hence it may result in route
failure. The second reason is that as numbers of intermediate nodes are increasing, thus network overhead
may occur and route information in the header of each node may also increase.
Hop-by-hop reactive routing is better than on demand source routing as each data packet in it contains
next hop and destination addresses. Thus intermediate nodes from source to destination contain the
routing table information in order to send data packet to a particular destination. This can be quite helpful
for accommodating sudden changes in network topology. Thus when topology changes nodes receives
fresh routing table information and selects new routes accordingly. As a result these selected routes are
now used to send data packets to destination. These types of routing protocols continuously update their
routing information and carried knowledge of each neighboring node Therefore this type of reactive
routing can be adopted in highly mobile ad hoc networks such as VANET [21].
Many reactive routing protocols have been proposed so far but in this section we briefly described about
Ad Hoc On Demand Distance Vector Routing (AODV) [22] and Dynamic Source Routing (DSR) [8].
Moreover we check the suitability of these protocols for VANET.
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3.3.2.1

Ad Hoc On Demand Distance Vector Routing- AODV

Ad Hoc On Demand Distance Vector Routing (AODV) [22] is an example of pure reactive routing
protocol. AODV belongs to multihop type of reactive routing. AODV routing protocol works purely on
demand basis when it is required by network, which is fulfilled by nodes within the network. Route
discovery and route maintenance is also carried out on demand basis even if only two nodes need to
communicate with each other. AODV cuts down the need of nodes in order to always remain active and
to continuously update routing information at each node. In other words, AODV maintains and discovers
routes only when there is a need of communication among different nodes.
AODV uses an efficient method of routing that reduces network load by broadcasting route discovery
mechanism and by dynamically updating routing information at each intermediate node. Change in
topology and loop free routing is maintained by using most recent routing information lying among the
intermediate node by utilizing Destination Sequence Numbers of DSDV.

3.3.2.1.1

AODV Route Discovery

Route discovery is one of the most important characteristics of any protocol in wireless communication.
The need for basic route discovery arises when a source node wants to communicate with any particular
destination node in order to forward data packet. AODV uses route discovery by broadcasting RREQ to
all its neighboring nodes. The broadcasted RREQ contains addresses of source and destination nodes in
order identify those particular nodes for whom route has been demanded. RREQ also contains source and
destination nodes sequence numbers to maintain recent fresh route information from source to destination
and vice versa. Moreover, RREQ also contains broadcast ID and a counter [22], which counts how many
times RREQ has been generated from a specific node. When a source node broadcast a RREQ to its
neighbors it acquires RREP either from its neighbors or that neighbor(s) rebroadcasts RREQ to their
neighbors by increment in the hop counter. If node receives multiple route requests from same broadcast
ID, it drops repeated route requests to make the communication loop free.
RREQ is generated from one source towards different destinations in order to reach at particular
destination. If RREP is not received by the source node, it automatically setups reverse path to the source
node. A reverse path is settled only when each node keeps the record of its neighbor from which it gets
the RREQ. Reverse path is used to send a reply to source node, if any intermediate node does not satisfies
the RREQ, moreover reverse path is settled for only the limited period of time [22].
All intermediate nodes stored the particular destination sequence number information and compare it with
the RREQ destination sequence number. If RREQ sequence number is greater than or equal to stored
sequence number of the intermediate node. Then the RREP is generated to source node following the
same route from destination node to source node. This method is also known as the forward path
discovery [22]. And in this way a route is discovered for two nodes that need to communicate.
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3.3.2.1.2

AODV Route Table Management

Routing table management in AODV is needed to avoid those entries of nodes that do not exist in the
route from source to destination. Managing routing table information in AODV is handled with the
destination sequence numbers. The need for routing table management is important to make
communication loop free. The following are characteristics to maintain the route table for each node [23,
22]:


IP address of the particular destination.



Total number of hops to the destination.



Next hop: It contains information of those nodes that are used to forward data packets by using
the current route.



Destination sequence numbers.



Active neighbors: Those nodes that currently using the active route.



Expiration time: It contains information for the total time that route is being valid.

3.3.2.1.3

AODV Route Maintenance

When nodes in the network detects that a route is not valid anymore for communication it delete all the
related entries from the routing table for those invalid routes. And sends the RREP to current active
neighboring nodes that route is not valid anymore for communication [23]. AODV maintains only the
loop free routes, when the source node receives the link failure notification it either start the process of
rebroadcasting RREQ or the source node stop sending data through invalid route[22] . Moreover, AODV
uses the active neighbor‟s information to keep tracking of currently used route.

3.3.2.1.4

AODV Features

AODV reduces several problems that occurred in proactive routing protocols. AODV provide support by
reacting at on demand needs for communication for such ad hoc network where large numbers of nodes.
And this can help when the sudden change in topology happens.
AODV updates the information of active nodes in the routing table. This feature can help maintaining the
routing tables with the related number of entries. And Nodes only have the information of currently active
routes for communication.
AODV reduces flooding of messages in the network as compared to proactive routing protocols so
AODV reduces the network overhead. AODV also minimizes the route redundancy and large memory
requirements.
AODV eliminates the loop-free routes by using destination node sequence numbers [22]. If the route
become invalid for a particular communication then the source node resend the RREQ with the greater
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destination sequence number in order to rebuild the route. Another advantage of AODV is that it uses the
broadcast route discovery method to control network overhead.
Respond to the link failure in the network [22], also one of the important properties of AODV. Link
breakage is maintained by keeping the information of the neighbors that are using the currently active
route. When link failure occurs, neighboring nodes response to affected source nodes for the local
movement and provides quick response for new route.
Another important characteristic of AODV is that it can be applicable for the large scale ad hoc networks
as compared to Hybrid or Proactive routing protocols.

3.3.2.2
3.3.2.2.1

Dynamic Source Routing DSR
Introduction of DSR

Dynamic Source Routing protocol (DSR) [8], designed for multi-hop wireless ad hoc networks. This
protocol consists of two operations “Route Discovery” and “Route Maintenance” that makes it selfconfiguring and self-organizing. DSR routing protocol manage the network without any centralized
administrator or infrastructure. In route discovery this protocol discovers for the routes from source node
to destination. In DSR, data packets stored the routing information of all intermediate nodes in its header
to reach at a particular destination. Routing information for every source node can be change at any time
in the network and DSR updates it after each change occur [8]. Intermediate routers don´t need to have
routing information to route the passing traffic, but they save routing information for their future use.
Basic purpose to develop DSR was to reduce the overhead on the network and designing self organizing
and self configuring protocol to support MANET.

3.3.2.2.2

DSR Route Discovery

In DSR route discovery, when a node want to send a packet to another node normally it stored routing
information in the header of the packet. The routing information in DSR is in the form of“sequence of
nodes”. This routing information had been learned by every node. If no routing information is available,
source node use the “route discovery” mechanism to find the appropriate route to reach destination. The
whole process to find the route is called route discovery. The route discovery mechanism can be better
defined with the figure 3 as an example.
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Figure 3: DSR Route Discovery [8]

In figure 3, node “A” starts discovery process to find the route to node “E”. So node “A” called initiator
and node “E” is called target. When route discovery starts, initiator sends “discovery request” to nodes
that are within its wireless range. The discovery request contains initiators, target´s and route
information. In the start, route record is set to empty by the initiator. When any node receives the
discovery request, it checks the target information. If receiver is not target itself it add it‟s information to
the route record and forward the discovery request to all nodes in the wireless range. But when the target
node receives the discovery requests it send the request reply with final route information containing the
complete intermediate path. The target node can send the request reply using its route cache or by
reversing the order or discovery request. Thus in this way DSR discover the route from source to
destination.

3.3.2.2.3

DSR Route Maintenance

In DSR when any node sends a packet using source route, it also has the responsibility for its delivery
confirmation. If we consider the above scenario again, we can explain route maintenance mechanism as
follows;
If node A transmit a packet to node E, through node B,C and D. Node A will retransmit the packer until it
receive delivery confirmation from packet C. Same like A, B will retransmit until confirmation from C, C
will retransmit until confirmation from D and D will retransmit until it receive confirmation from E. This
retransmission process continues for a limited numbers called “maximum number of attempts”.
In case, if a node retransmits a packet for maximum number of attempts and there is no acknowledgement
received yet the node will send error message to the source node. Then source node can use another route
from route cache to send packet or it can start route discovery again. This simple mechanism DSR used
in route maintenance.
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3.3.2.2.4

DSR Features

The two most important features of DSR protocol are route discovery and route maintenance that make
this protocol self-configuring and self-maintaining. In DSR protocol, there is no need of periodic updates
to send over the network about neighbors or link state information. This reduces overhead on the network
by eliminating the periodic updates send on the network. The both operations of DSR are on demand
basis [8].
A node may save more than one route for the same destination. In DSR it is carried out by listening to
passing traffic, or by saving the additional routes when attempts for single route discovery. This property
make DSR to use cache route in case of one route broke down, there is no need of route discovery as
alternative routes are already available to the destination [8].
Another important property of DSR routing protocol is network type flexibility. A packet using DSR
routing protocol can reach its destination even when the intermediate nodes are using different type of
network. DSR make it possible that nodes with different network types can participate in ad hoc
networks, DSR protocol consider them as Ad hoc Network [8].

3.3.3

Hybrid Routing

Hybrid routing combines characteristics of both reactive and proactive routing protocols to make routing
more scalable and efficient [21]. Mostly hybrid routing protocols are zone based; it means the number of
nodes is divided into different zones to make route discovery and maintenance more reliable for MANET.
Haas and Pearlman [20] proposed a hybrid routing protocol and named it as ZRP (Zone routing protocol).
The need of these protocols arises with the deficiencies of proactive and reactive routing and there is
demand of such protocol that can resolve on demand route discovery with a limited number of route
searches. ZRP limits the range of proactive routing methods to neighboring nodes locally, however ZRP
uses reactive routing to search the desired nodes by querying the selective network nodes globally instead
of sending the query to all the nodes in network. ZRP uses “Intrazone” and “Interzone” routing to provide
flexible route discovery and route maintenance in the multiple ad hoc environments.
Interzone routing performs route discovery through reactive routing protocol globally while intrazone
routing based on proactive routing in order to maintain up-to-date route information locally within its own
routing range [20]. The overall characteristic of ZRP is that it reduces the network overhead that is caused
by proactive routing and it also handles the network delay that is caused by reactive routing protocols and
perform route discovery more efficiently.
The drawback of ZRP is that it is not designed for such environments in which the nodes behavior is
highly dynamic and rapid changes in topology such as VANET.
In other words we can say this routing protocol is specifically designed for such networks where nodes
are not highly mobile and network size is depend on limited number of nodes. Pure proactive or reactive
routing protocols can be suitable to some extent in a highly dynamic environment like VANET as
compared to Hybrid routing.
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3.4

Summary

In this chapter we focused on topology based routing approaches of MANET, the reason for this VANET
routing inherits same characteristics from the traditional MANET routing methods. We found that some
topology based routing methods provide support to the highly mobile environment.
Proactive Routing protocols use Distance-Vector routing and Link state Routing mechanisms. In
proactive routing each node keep track of neighboring nodes. The characteristics that made proactive
routing unsuitable for VANET are periodic updates. That take much network bandwidth and not
implementable in VANET due to this constraint.
Although Hybrid routing methods have been introduced in topology based routing in which idea of
reactive and proactive routing is merged. The hybrid routing protocols reduces the deficiencies in reactive
and proactive routing to maximize the network performance. But hybrid routing protocols are not suitable
for those networks where the nodes behavior are highly dynamic and network contains a large number of
nodes. In addition to this we realized that pure reactive routing protocols are more suitable as compared to
hybrid or proactive routing for the highly mobile ad hoc network.
Pure reactive routing protocols such as AODV and DSR are designed to support the large scale ad hoc
networks and where nodes behavior is highly dynamic. As compared to proactive routing these reactive
routing protocols such as (AODV & DSR) require less space to store the routing information and also
consumed less bandwidth to communicate among neighbors for the highly mobile ad hoc networks.
Another property of AODV that make its suitability for VANET is that, the protocol uses more latency
for route establishment and reestablishment of routes are more quickly as compared to proactive routing.
AODV ensures on demand needs of network routing that reacts to the sudden change in network
topology. Several features of AODV like efficient route discovery, route maintenance and information of
active link are used to control the network overhead. And as the VANET inherits the characteristics from
MANET, we realized that AODV can be applicable in VANET as compared to hybrid or proactive
routing protocols.
The main features of DSR are route discovery and route maintenance. DSR protocol does not send
periodic updates to nodes that make it less use of bandwidth. Same as AODV it has more scalability as
compared to proactive based routing protocols. DSR also works on demand basis and establish the route
for more time and consume less bandwidth. DSR has another feature that it correctly delivers all packets
to its destination even in the network where nodes move very rapidly such as VANET. As compared to
hybrid and proactive routing protocols DSR reacts at on demand needs of communication among the
nodes by maintaining the network overhead. Its self organize nature make it suitable for wireless mobile
ad hoc networks. Moreover, the recent advancement in the route discovery mechanism of DSR make it
useable for such ad hoc networks that uses the geographic or physical information of make routing
decision, such routing strategy is used by VANET. Thus we realize that DSR is a good example of
reactive routing that can be applicable in VANET. As AODV and DSR have several similarities and both
these protocols can be applicable in VANET. We will select only AODV for performance evaluation.
Furthermore, we will check the performance of AODV through simulation in VANET.
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4

VANET ROUTING PROTOCOLS

4.1 Vehicular Ad Hoc Network Routing
As we discussed in earlier sections VANET inherits same characteristics as MANET. Due to high
mobility, frequent changes in topology and limited life time are such characteristics of this network that
make routing decisions more challenging [29]. Several other factors such as road layout and different
environments such as city and highway makes routing more challenging in VANET. As opposed to
topology based routing of MANET, VANET uses position information of the participating nodes within
the network to take routing decisions. Further we will discuss how position based routing used for
VANET.

4.2 Position Based Routing
The dynamic and highly mobile nature of VANET, where nodes behave very rapid and changes its
location frequently demands such routing method that can deal with the environment of such network.
These demands tend the researchers to use positions of nodes in order to provide successful
communication from source to destination. Such method in which geographical positions of nodes are
used to perform data routing from source to destination is called position based routing.
Position based routing assumes that each node have knowledge about its physical/ geographic position by
GPS or by some other position determining services. In it each node also has the knowledge of source,
destination and other neighboring nodes. As compared to topology based routing, position based routing
uses the additional information of each participating node to applicable in VANET, that additional
information is gathered through GPS. Position based routing provides hop-by-hop communication to
vehicular networks. A position based routing protocol consists of many major components such as
“beaconing”, “location service and servers” and “recovery and forwarding strategies” [28, 25].
Beaconing: In it a node forwards packet with the current physical position and the unique id (IP
ADDRESS). If node receives beacon from its neighbor‟s then it updates its information in location table.
Thus beaconing is used to gather information of node‟s one- hop neighbor or node‟s next hop neighbor.
Location service and servers: When a node does not contain current physical position of a specific node
in its location table or want to know current physical position of any specific node then location service
assisted to find current position of a specific node [25]. To trace the current physical position of desired
node, the requesting node sends location query with the unique ID of the desired node, sequence number
and total number of hops. The neighbor‟s reply this message until desired node found and if desired node
lies among near neighbor‟s of the requested node then it replied with its current physical position
message. In this way originating node updates desired node physical position information in the location
table.
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Forwarding and Recovery strategy: Forwarding and recovery strategy are used to forward data from
source to destination node. Position based routing protocols used three types of forwarding methods for
VANET in order to forward data packets from source to destination: 1) “restricted directional flooding”
2) “hierarchal forwarding” 3) “greedy forwarding” [26].
Restricted directional flooding sent data packets into the geographical area of specific node and the part
of geographical area known as “forwarding zone”. This method does not require information of
neighboring nodes. The forwarding zone is created between source and destination nodes and the source
node flood packet into the forwarding zone in order to send the packets towards destination. Overhead
may be occur if large number of packets sent to the forwarding zone by source node that may results in
expanding the area of forwarding zone. These issues can be overcome by adopting efficient flooding
method such as “Distance-aware-timer-based Suppression method” [27]. Restricted directed flooding
uses broad based protocols such as “Mobility-centric data dissemination algorithm for vehicular
networks” (MDDV) [7].
Another forwarding strategy for position based routing protocols is hierarchal forwarding in which
protocols hierarchy is used as different steps to forward packets. The hierarchal forwarding performs
routing for neighboring nodes and also for nodes at greater distance. Forwarding strategy for hierarchy
routing used “geodesic packet forwarding” (GPF) and anchored GPF that is defined in the terminodes
project [26].
Another efficient forwarding strategy for position based routing is greedy forwarding in which a node
sends packet to nodes closest to destination. The sending node calculated minimum hops for sending
packet to destination. In fail situation where there is no node closest to the destination recovery strategy is
used to overcome this kind of situation. Greedy perimeter stateless routing is an example of greedy
forwarding strategy [26].
Unlike topology based routing, position based routing does not require any route maintenance. The route
determined only when there is a need for forwarding packet. Another advantage of position based routing
is that it contains information of source, destination and their neighboring nodes [28]. The aforementioned
characteristics makes position based routing suitable for VANET. Several routing protocols have been
proposed by many researchers that uses nodes position information for routing decisions. Although these
routing protocols are most suitable for the vehicular communication but these protocols still have some
challenges. We will discuss some of recently suggested protocols and the issues in these routing
protocols. Furthermore, we will also investigate which recent advancement has been carried out to
overcome these issues.

4.3 Greedy Perimeter Stateless Routing-GPSR
Greedy Perimeter Stateless Routing (GPSR) [17] is one of the best examples of position based routing.
GPSR uses closest neighbor‟s information of destination in order to forward packet. This method is also
known as greedy forwarding. In GPSR each node has knowledge of its current physical position and also
the neighboring nodes. The knowledge about node positions provides better routing and also provides
knowledge about the destination. On the other hand neighboring nodes also assists to make forwarding
decisions more correctly without the interference of topology information. All information about nodes
position gathered through GPS devices. GPSR protocol normally devised in to two groups:


Greedy forwarding: This is used to send data to the closest nodes to destination.
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Perimeter forwarding: This is used to such regions where there is no closer node to destination
[17]. In other words we can say it is used where greedy forwarding fails.
Further we will see in detail how these forwarding strategy works and what are issues in them.

4.3.1

Greedy Forwarding

In this forwarding strategy data packets know the physical position of their destination. As the originator
knows the position of its destination node so the greedy regions/hops are selected to forward the packets
to the nodes that are closer to their destination. This process repeats until the packet successfully
delivered to desired destination. Nearest neighbor‟s physical position is gathered by utilizing beaconing
algorithms or simple beacons. When a neighboring node forwards packet to closer region to destination,
the forwarding node receive a beacon message that contain IP address and position information. Then it
updates its information in the location table. If forwarding node does not receive beacon from its
neighboring node within a specific time period, it assumes that either neighbor fails to forward packet to
region closer to destination or neighbor‟s is not in its radio range. So it removes its entry from location
table [17]. The major advantage of greedy forwarding is that it holds current physical position of
forwarding node. Thus by using this strategy total distance to destination becomes less and packets can be
transmitted in short time period. Besides its advantages there are few drawbacks of this strategy i.e. there
are some topologies used in it that limits the packet to move to a specific range or distance from the
destination. Furthermore, this strategy fails when there are no closer neighbors available to destination.

4.3.2

Perimeter Forwarding

Perimeter forwarding is used where greedy forwarding fails. It means when there is no next hop closest
neighbor to the destination is available then perimeter forwarding is used. Perimeter forwarding uses
nodes in the void regions to forward packets towards destination. The perimeter forwarding used the right
hand rule. In “right hand rule” [17], the voids regions are exploited by traversing the path in
counterclockwise direction in order to reach at specific destination. When a packet forward by source
node, it forwarded in counterclockwise direction including destination node until it again reached at the
source node. According to this rule each node involved to forward packet around the void region and each
edge that is traversed are called perimeter. Edges may cross when right hand rule finds perimeter that are
enclosed in the void by utilizing “heuristic approach” [17]. Heuristic has some drawbacks besides it
provides maximum reach ability to destination. The drawback is that it removes without consideration of
those edges which are repeated and this may cause the network partitions. To avoid this drawback another
strategy is adopted that is described below.

4.3.3

Planarized Graph

When two or more edges cross each other in a single graph is called planar graph. “Relative
Neighborhood Graph (RNG)” and “Gabriel Graph (GG)” [17] are two types of planar graphs used to
remove the crossing edges. Relative neighborhood graph (RNG) is defined as, when two edges intersect
with radio range of each other and share the same area. For example, x and y are the two edges that share
the area of two vertices x and y. The edge x, y are removed by using RNG because another edge from x
towards v is already available.
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Figure 4: Example of RNG [17]

Gabriel Graph (GG) is used to remove only those crossing edges which are in between the shared area of
two nodes having the same diameter as the other nodes have. Figure 5 depicts GG:

Figure 5: Example of GG [17]

Figure 5 shows that the midpoint diameter is less than the diameter of node x or node y. Thus the edge
from the x, y cannot be removed. So there is less network disconnection in the GG as compared to RNG.

4.3.4

Features of GPSR

GPSR combines the greedy forwarding with the perimeter forwarding to provide better routing decision
on both full and planarized network graph by maintaining neighbor‟s information in the location table.
For the forwarding decisions in perimeter mode GPSR packet header include the following distinct
characteristics [17].


GPSR packet header has the flag identity that is used to identify whether packet is in greedy
forwarding or in perimeter forwarding.



It contains destination node physical address.



GPSR packet header also contains location of packet in the perimeter mode and the location of
the new face to take a decision whether to hold the packet in the perimeter mode or to return it to
the greedy mode.



GPSR also have the record of sender and receivers address of the packet when the edge‟s crosses
in the new face.

GPSR also have several distinct characteristics that are if the packet is in perimeter mode then its location
address is compared to forwarded node address and if distance to location and destination node is less
then packet it switched to greedy mode to forward packet towards destination. GPSR discard those
packets that are repeatedly forwarded as destination for such packets are not in range. The packets in
perimeter mode never send twice through the same link if destination is in range. Overall GPSR is an
efficient example of the position based routing that uses the geographic location of nodes and reduced

30

usage of routing state on each node. Furthermore, it provides maximum robustness in highly dynamic
wireless ad hoc networks.

4.3.5

Issues in GPSR

Besides GPSR certain characteristics, it suffers from several drawbacks. Greedy forwarding measured as
unsuitable for the vehicular networks where the nodes are highly mobile and the node may not be able to
maintain its next hop neighbors information as the other node may gone out of range due to high mobility.
This can lead to data packets loss. The second problem may occur during beaconing mechanism that
beacons may lost due to channel destruction or bad signal. This problem can lead to removal of neighbor
information from location table [19]. GPSR uses planarized graphs as its repair strategy where greedy
forwarding fails. But these graphs perform well in the highway scenario due to their distributed
algorithms [18]. These graphs does not perform well in such environment of vehicular communication
where a lot of radio obstacles involves, in addition to this their distributed nature may lead to certain
partition of network and may lead to packet delivery impossible. Hence there is need of such position
based routing protocols, which merge position information with the road topological structure in order to
make possible vehicular communication in presence of radio obstacles.

4.4
4.4.1

Geographic Source Routing- GSR
Introduction

Due to deficiencies of GPSR in presence of radio obstacles, network demanded new routing strategies
that can compete with challenges occured due to radio obstacles. Therefore, Geographic Source Routing
(GSR) is proposed [18]. It deals with high mobility of nodes on one hand, on the other hand it uses roads
layout to discover routes. GSR finds the destination node using “Reactive Location Service (RLS)”. GSR
combines both geographic routing and road topology knowledge to ensure promising routing in the
presence of radio obstacles [18].

4.4.2

Motivation

In city area there are buildings and tress etc that may create problems in direct communication among
nodes. Hence, previously proposed protocol GPSR for highways may not perform well in city
environment. The motivation for new routing protocol for city is stated below in details.

4.4.2.1

Frequently Network disconnection

Due to building and trees in city area, pure greedy position-based routing and its recovery mechanisms do
not fully applicable [18]. Nodes that can directly connect in free space cannot communicate in city area
due to radio obstacles. As greedy position-based routing uses position of the nodes to find destination and
planarization methods uses distance between nodes as connecting factor, that may not applicable in city
due to unavailability of direct communication [18].
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4.4.2.2

Multiple hops

In planarized connectivity, node send a packet to neighboring nodes until it reach at destination. In city
area, planarized connectivity graph can increase delay due to the large number of nodes [18].

4.4.2.3

Routing Loops

Routing loops can be occurred in packets while using perimeter method due to mobility [18].
Participation of a node in the network when the mobility is high can create routing loops. In city area,
when there are many nodes participating in the communication at the same time, there are more chances
of routing loops.

4.4.2.4

Incorrect route selection

In high mobility and too many hops, perimeter routing method can select a long route using “right hand
rule” [18]. The possibility of selecting and longer than necessary route is increased when there is more
than one route available. High mobility and too many hops in city area may lead to incorrect route
selection.

4.4.3

Working of GSR

GSR routing was proposed to deal with challenges faced by GPSR in city environment. There are two
main issues in the city environment, one is dealing with high mobility issue in the city and other is
topology structure of a city [18]. In GSR position based routing is used that support the city map also.
Vehicles have navigation system installed so getting map of city is normal. GSR use reactive location
service to find the physical location for node.
RLS is used for position discovery in reactive position-based routing. In RLS a source node broadcast
“position request” with some identification for the required node. When the node with that identification
receives the position request, it responds with “position reply” containing its current physical position
[18].
The sender node reaches the destination by using the road topology map and the above information. In
other words in GSR the source node finds the shortest path to destination on the graph using simple graph
algorithms [30] and mark the packet with destination´s location. In this the packet travels through
junctions to reach the destination.

4.4.3.1

Local recovery

GSR use “switch back to greedy” method for local recovery. After a packet reach to its local maximum, it
switch back to greedy forwarding [32].
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4.5
4.5.1

Anchor-based Street and Traffic Aware Routing- A-STAR
Introduction

Anchor-based Street and Traffic Aware Routing (A-STAR) is position based routing protocol. The
development of A-STAR was inconsideration with city environment. In city area, almost all roads and
streets are covered by big buildings and there are close ends in the streets and so frequent stop signal,
turns and speed breakers make routing more challenging. Problems faced by the position based routing
protocols in city environment defined before in GSR. The capability of A-STAR protocol to overcome
these problems will be defined here. A-STAR is anchor based routing protocol. In anchor based routing
before transmitting the packet, source node address add in the header of packet and information of all
intermediate node junction that packet must travel to reach the destination [30]. To use city maps and road
information of town to make routing decisions called “Spatial Aware Routing”. Spatial awareness is used
to get topology information and different nodes position in the network. Mostly anchor based routing and
spatial aware routing used together [30].

4.5.2

Issues in city environment

In position based routing, every node sends it current position by a beacon message and every node
knows its neighbor nodes. When a source send message to the destination it uses the geographic location
of the destination. There are some limitations in position based routing protocols that are discussed in [18,
30] and defined in previous topic as well. The challenges in city environment can be better understand by
following example.
A source node wants to send packet to the destination. There are buildings between source and destination
and there is no node closer to the destination. Two separate paths are available to the destination; one is
shorter than other. But when in GPSR this situation occurs, GPSR will select the route according to its
right hand rule. So GPSR will not look for shortest path, it will look for right hand rule. And packet will
traverse hop-by-hop until it finds a node nearer to the destination. This takes much longer time and
processing.

4.5.3

Working of A-STAR

Same like GSR, A-STAR was proposed for city environment. Both GSR and A-STAR compute the
number of junctions to reach the destination but A-STAR also use traffic information and street
awareness in path finding [31]. In street awareness, A-STAR gets the anchor information according to the
street map. A-STAR has two new features that make it differ from GSR in working. A-STAR uses
statically and dynamically rated maps to find the number of junctions. In statistically rated maps, ASTAR uses schedule of buses to ensure the high connectivity e.g. some streets are served by regular city
buses their connectivity can be high due to presence of city buses. In dynamically rated maps, A-STAR
collect the latest information of traffic to find the anchors/junctions to compute the path e.g. some roads
are wider than other so there are more traffic. It means that connectivity is high on wider roads with high
traffic (more vehicles). Using this traffic information A-Star assign the weight to the street [31] e.g. more
vehicles less weight and less vehicles more weight. This dynamic process helps this protocol to calculate
anchors more accurately [30].
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4.5.3.1

Local recovery

Both the recovery strategies of GPSR i.e. perimeter mode and GSR i.e. switch back to greedy are
insufficient in city environments of VANET.
A-STAR uses a new recovery method. When a packet face problem to pass from a junction, that junction
is marked as “out of service” so other packets are restricted to traverse that junction until that junction
changed to “Operational” state [30]. When any junction is out of order each node in the network is
informed about that junction and updates their routing information and city maps by marking that place
out of order. Therefore, no node will use that junction as anchor to be traverse to reach destination. When
the out of order junction becomes operational each node aware about the usage of that junction and may
adopt that junction for forwarding the packet towards destination. So as compared to other position based
routing protocols, A-STAR adopt higher connectivity anchor based paths to find the route towards
destination in large city environments.

4.6

Summary

In this chapter we discussed various routing approaches used in VANET and what are the different
routing issues in different position based routing protocols. VANET suffers from several internal and
external factors of its dynamic nature. Internal factors include dynamic and highly movement of mobile
nodes, frequent changes in network topology etc. External factors include impact of outside environment
on network such as roads layout in city and interference of obstacles such as building, railway crossing
etc. To overcome these internal and external issues several routing approaches have been proposed.
Position based routing uses the physical position/location of nodes (vehicles) to make routing decisions
in VANET. Position based routing assumes that each node in network is aware of its physical location
with help of GPS. Thus position based routing contain many different protocols in order to provide
successful communication in a highly dynamic network. Though position based routing considered to be
efficient routing method for VANET but it still have some issues regarding its routing protocols.
Greedy perimeter Stateless Routing (GPSR) [17] is one of the best examples of position based routing.
GPSR uses two routing methods that are greedy forwarding and perimeter forwarding. Greedy forwarding
uses knowledge of the closest nodes to destination in order to send the packets to destination. One of the
important advantages of greedy forwarding is that it contains knowledge of source, destination and the
greedy region closer to destination. But greedy forwarding fails if there are no closer nodes to destination
and it may lead to the failure of network. To cope this drawback perimeter forwarding is used. Perimeter
forwarding used right hand rule that uses the counterclockwise traversing mechanism to reach at a
specific destination. Perimeter forwarding considers to be well known recovery strategy of GPSR where
interference of obstacles are less such as highway but this forwarding method suffers with several
problems such as network disconnection, multiple hops, routing loops and selection of invalid route in
city environment. So, there is a need of such routing protocol that can use position information of the
nodes with topological information of roads layout to provide successful routing in city environment.
Geographic Source Routing (GSR) [18] is another example of position based routing that uses position
information of existing nodes and combines it with the topological information of roads. The need for
GSR arises with the problems in GPSR. GSR gathers physical position by means of Reactive location
services (RLS). The gathered information through RLS combined with geographic maps of streets layout
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in order to find the destination. The originator calculates total number of junctions to reach at destination
and using the shortest path algorithm to reach at specific destination.
Anchor based street and traffic aware routing (A-STAR) [16], is another protocol which is used to
overcome the challenges that occurs due to GPSR and GSR in city environments. A-STAR is most recent
example of position based routing to make routing scalable in the city environments. A-STAR works
similar as GSR, A-STAR originator include the information of all the intermediate junctions in the header
of packet in order to locate destination. A-STAR also combines position information of the node with the
topological information of streets maps in order to provide successful communication, but it computes
topological information with the actual traffic awareness.
In this chapter we found the working of different position based routing protocols for VANET and what
are the issues in these routing protocols. In addition to this, recent advancement to overcome these routing
issues has also kept inconsideration. Further we will investigate how these position based routing methods
suitable for VANET through empirical work.
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5

SIMULATION MODELING & SETUP

5.1 Simulation
“Simulation is the technique of solving problems by the observation of the performance, over the time, of
a dynamic model of the system” [34]. Simulation generally represents the relationship between the
systems and models. A system is the collection of components that are interrelated and interacted in such
a way that it distinguishes the system from its environment. A model is a “simplified representations of
the system intended to predict what happens if certain actions are taken” [34]. Simulation development is
iterative process in which the construction, execution and analysis of a model repeatedly perform in order
to achieve desired level of understandings [33]. A simulation process is shown in figure 6:

Analyze

Construct

Model

Model

Execute
Model

Figure 6: Modeling process [33]

5.2 Simulation tool/ Simulator
In this study we use NCTUns (National Chiao Tung University Network Simulator) [37] that is a GUI
based high-fidelity network and traffic simulator and emulator that uses the novel kernel-reentering
methodology for simulation results. NCTUns is open source software and provides easy and efficient
simulation results. NCTUns 6.0 is supported by RED-HAT LINUX with the flavor fedora 12 and this
simulator is purely written in C++. NCTUns uses Linux TCP/IP protocol stack for packet passes and
supports both wired and wireless networks [35]. Some features of NCTUns are as follows:


High –Fidelity Results



Use real-life application programs



Can be turned into emulator



Repeatable and faster simulation results



Highly integrated GUI environment



Provides maximum support to important networks
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Maximum support to various network protocols and devices

Several other simulation tools like NS-2, OPNET, OMNET++, TRANS etc are available in the market
but we decided to choose NCTUns. The reason to choose NCTUns is that, it provides maximum support
to VANET. NCTUns is a realistic traffic and network simulator and provides maximum feature for
simulation that is more coherent to real environment. NCTUns supports various VANET standards i.e.
IEEE 802.11 (a), (b) and (p) to make communication better for V2V and V2I in the Intelligent
Transportation System (ITS) [35]. Due to its highly GUI environment, network design for different
scenarios in VANET are easy and less time consuming as compared to other network simulators and it
provide less programming overhead. Moreover, NCTUns is user friendly simulation tool and online
support is also available. As NCTUns fulfill our study requirements, we decided to use it for simulation
tool.

5.3 Network participants and deployment
Network design consists of wireless ad hoc network for the generation of simulation results. The network
consists of mobile nodes (vehicles), road setting, obstacles and traffic signals. In this section we have
briefly discuss these network participants and how these participants can be configured and deployed for
simulation setup.

5.3.1

Road network construction

Road network construction plays an important role to study vehicles behavior in specific area. To observe
a vehicle behavior road construction should be more realistic i.e. more vehicles can move at highways as
compared to city streets. Vehicles speed, movement and breaking etc are proportional to road conditions.
For this simulation study we construct roads according to the real situation to observe the behavior of
vehicles/cars. Road network is constructed by selecting the number of lanes, width of road and
intersections that is provided by NCTUns GUI environment.

5.3.2

Mobile Nodes (Vehicles)

Vehicles/cars are the network participants that are used to communicate among themselves in case of any
critical situation on the roads. The request from a source to destination is sent by gathering the
geographical data with help of other intermediate nodes. In this study we have make the following
settings for vehicles profile configuration:


Each vehicle is assigned a unique IP address and maximum high speed.



Vehicles acceleration and deceleration.
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5.3.3

Road side obstacles

Most of the city area consists of huge buildings that are obstacles for radio signals. Some buildings just
attenuate them and some completely block them. To simulate this situation “obstacles” are used in
simulation. To simulate more realistic environment the properties of obstacles are set accordingly.

5.3.4

Traffic Signals

Traffic signals are an important entity of vehicular communication. Traffic signals used in urban
scenarios of vehicular communication to regulate the traffic. Traffic signals may interrupt the
communication in such a way that it can create the distance between vehicles and can also reduce the
speed of the vehicles. In this study we use traffic signals in urban scenarios because the vehicular
communication may be influence by them and may have any effect on simulation results.

5.4 Performance metrics
Different performance metrics are used to check the performance of routing protocols in various network
environments. In our study we have selected throughput and packet drop to check the performance of
VANET routing protocols against each other. The reason for the selection of these performance metrics is
to check the performance of routing protocols in highly mobile environment of VANET. Moreover, these
performance metrics are used to check the effectiveness of VANET routing protocols i.e. how well the
protocol deliver packets and how well the algorithm for a routing protocol performs in order to discover
the route towards destination. The selected metrics for routing protocols evaluation are as follows:

5.4.1

Throughput

Throughput is the average number of successfully delivered data packets on a communication network or
network node. In other words throughput describes as the total number of received packets at the
destination out of total transmitted packets [1]. Throughput is calculated in bytes/sec or data packets per
second. The simulation result for throughput in NCTUns shows the total received packets at destination in
KB/Sec, mathematically throughput is shown as follows:
Total number of received packets at destination* packet size
Throughput (bytes/sec) = -----------------------------------------------------------------------------------------Total simulation time

5.4.2

Packet Drop

Packet drop shows total number of data packets that could not reach destination successfully. The reason
for packet drop may arise due to congestion, faulty hardware and queue overflow etc. Packet drop affects
the network performance by consuming time and more bandwidth to resend a packet. Lower packet drop
rate shows higher protocol performance.
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5.5 Simulation Setup
The first step for simulation setup is to create Vehicular Ad Hoc Network. We designed two different
networks for evaluation of routing protocols. Network is created by using blank project workspace that is
provided by NCTUns. For simulation setup for VANET we followed following mentioned steps:

5.5.1

Draw Topology

In this step we designed roads networks and select the total number of nodes. First we designed the roads
by selecting the appropriate icons for road design that is provided by NCTUns. Total length of the roads
network also defined in this step. These nodes are highly mobile and we have selected vehicular nodes as
it is required by the network. Roads are designed according to real situation for the movement of
vehicular nodes.

5.5.2

Edit properties

It is the most important step for our simulation setup. In this step we assigned different values in each
parameter of vehicular nodes and configured each parameter that is provided by NCTUns. Besides these
node settings other important settings for simulation and communication among various nodes such that
defining the total simulation time, signal selection, implementation of routing protocols for
communication, communication type etc. In this simulation study we selected the following network
parameters and tools for vehicular nodes and communication among them:


TCP/IP network transmission mode.



IEEE 802.11b standard used for each vehicular node.



1400 bytes of UDP packets used for communication.



20 to 30 nodes are selected for two different scenarios.



15dbm Transmission power used for node operation.



Radio obstacles are set for the interruption of signals in city scenario.

After making necessary changes in vehicular nodes, network environment and tools we run the simulation
to generate the results.

5.5.3

Run simulation

In this step we generate the simulation results and run simulation for two different scenarios to evaluate
the performance of routing protocols for VANET in terms of different performance parameters that is
throughput and packet drop. We designed two different networks for these scenarios both of them
consists of vehicular nodes.
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5.5.3.1

Highway Scenario

For the highway scenario we selected 20 nodes with the total area of 1500 x 800 meters. Distances
between the vehicles are randomly selected. In first case, vehicles move with maximum speed of 20 m/s
and in later case vehicles move with speed of 30 m/s. Total simulation time for each scenario is 400
seconds. The purpose of simulation for highway scenarios is to check the behavior of AODV and GPSR
routing protocols for VANET in terms of throughput and packet drop. The highway scenario for our
simulation is shown in figure 7.

Figure 7: Network Design for Highway in NCTUns

5.5.3.2

City/ Urban Scenario

In this study we designed another network and named it as City/Urban scenario. We selected 30 different
vehicular nodes randomly with the total simulation area of 2000 meters. Total simulation time for this
scenario is 400 seconds. Each vehicle moves with maximum speed of 8 m/s. The distances between the
vehicles were selected randomly. Different radio obstacles were placed aside the roads to interrupt the
communication among the vehicular nodes. The purpose to design network for city is to check the
behavior of A-STAR, AODV and GPSR routing protocols in terms of throughput and packet drop. A city
scenario for vehicular ad hoc network is shown in figure 8.
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Figure 8: Network Design for City in NCTUns

Finally the simulation was run and the results were generated for each performance parameter. After
running simulation the results of each scenario were saved and results can be viewed using the “Play
Back” function.

5.6 NCTUns limitations
Although, NCTUns provides highly GUI environment and less programming overhead. Despite of this, it
also has some limitations. NCTUns provides only single TCP/IP version, whereas mostly network
simulators provide multiple TCP/IP versions inside a single simulator. Inside single simulation NCTUns
can support maximum of 4096 nodes while other traffic simulators like TRANS can support more nodes
inside a single simulation.

41

6

RESULTS AND ANALYSIS

In this chapter we discuss simulation results and analyze them. Many situations can be considered and
many possibilities can be simulated in order to perform VANET simulation. In our study we want to
check the performance of different routing protocols in different network environments of VANET. For
this purpose we built two different network scenarios and named them as highway and city. We selected
AODV and GPSR routing protocols to evaluate their performance in the highway scenario of VANET in
terms of different performance metrics i.e. throughput and packet drop. For city scenario we selected ASTAR, GPSR and AODV routing protocols and analyze how these routing protocols provide reliable
communication in the presence of different obstacles. The reason to selecting A-STAR for city
environments is that it uses nodes position information and street information in order to make routing
decisions. From literature findings, we realized that A-STAR efficiently discovers routes in the presence
of radio obstacles. To validate the literature findings, we selected A-STAR for city scenario in order to
check its performance against other position based routing protocol and topology based routing protocol
of MANET. In the end comparison between different routing protocols has been carried out that helps to
reach the conclusion of our study.

6.1 Highway Scenario
In this scenario we designed two networks in order to check how vehicle speed affects the performance of
routing protocols. Therefore, in this scenario we considered two different situations. In the first case we
will check routing protocols behavior with high speed movement of vehicles and in the later case
protocols behavior will be check through low speed. After considering these situations we will be able to
suggest which of the selected routing protocol shows higher performance in this scenario in terms of
performance metrics.
In this scenario each simulation was performed for 400 seconds. 20 nodes (vehicles) were selected as the
participants of network and each node movement was highly mobile. Each node equipped with 802.11b
wireless module for communication with other nodes. Nodes move with speed of 20 m/s i.e. 72 km/h and
30 m/s i.e. 108 km/h. In this simulation AODV and GPSR routing protocols were selected for simulation
and their performance will be checked in terms of throughput and packet drop. Results of each
performance metric are shown in figure 9-12 below. Each input parameter for the simulation of this
scenario is as follows:
Table 1: Input Parameters for Highway scenario

Parameter

Setting

Environment Size

1500 x 800 meters

Total number of nodes

20

Node Type

Highly Mobile nodes (Vehicles)

Node Speed

20 m/s , 30 m/s

Packet Type

UDP

Packet Size

1400 Bytes

Simulation Time

400 seconds

Number of Receiver

One
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6.1.1

Throughput

Throughput is described as the total number of received packets at destination out of total transmitted
packets [1]. Throughput is calculated in bytes/sec. The simulation result for throughput of AODV and
GPSR shows total received packets at destination in KB/sec, mathematically throughput is shown as:
Total number of received packets at destination* packet size
Throughput (bytes/sec) = -----------------------------------------------------------------------------------------Total simulation time
If network throughput is high it means most of the sent packets to destination has been received, thus this
factor reduce delay as packet receive success rate is high.

Figure 9: Throughput with 20 m/s node speed

Figure 9 depicts the network throughput of AODV and GPSR routing protocols with the node speed of
20m/s i.e. 72km/h on highway. In this case we can see that AODV throughput rate starts with the
approximately 270 Kbytes/ sec and within matter of seconds the throughput rate fall to the lowest level
i.e. approximately 5 KB/ sec. Although AODV is one of the best example of reactive routing methods but
in the highly mobile environment of VANET its performance decrease suddenly to the lowest level in
terms of throughput. The reason behind the sudden decrease in throughput rate is that AODV reacts on
demand basis, thus when the source node send the RREQ to its neighbors for forwarding the packet
towards destination the neighboring nodes move with high speed. So, source node could not receive any
RREP from its neighboring nodes and it considers the destination is out of range, this factor suddenly
reduce its throughput rate. As it is shown in Figure 9 that AODV throughput rate become higher after
some time and maintain its throughput rate for some time this is due to the feature of AODV in which it
repeatedly sent the request for forwarding packets towards destination but its disadvantage is that it uses
more network resources to resend the route request.
As compared to AODV, GPSR shows higher throughput rate in entire simulation time. GPSR throughput
rate in the highly mobile environment of VANET is constant. GPSR uses greedy forwarding with the
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combination of perimeter forwarding to ensure maximum deleivry of packets at destination. GPSR in this
case uses the closer destination nodes position information to successfully deliver packet that‟s why
GPSR out performs AODV in terms of throughput in the highly mobile network as the maximum number
of sent packets are received by destination. So overall in this scenario GPSR performs well as compared
to AODV. In the later case we will see how the throughput is affected if the node speed become higher.

Figure 10: Throughput with 30 m/s node speed

Figure 10 depicts performance of AODV and GPSR routing protocols with nodes speed 30 m/s i.e. 108
km/h. AODV throughput rate dramatically decrease from 275 KB/ sec to the almost 0 KB/sec. But again
dramatic increase in the throughput rate can be seen in the figure10 but this increase in throughput
remains only for a couple of seconds. From 27 to 39 seconds throughput is almost zero. This means the
performance of AODV in terms of throughput rate is affected by the nodes high speed in the highway
scenario.
As compared to AODV the throughput rate of GPSR affected a little with the increase in the speed. As
Figure 10 shows that GPSR throughput rate remain constant i.e. approximately 275 KB/ sec but at 15 sec
the throughput rate become higher with the approx 295 KB/sec. Unlike AODV, GPSR performance
increase in terms of throughput rate but at 37 seconds the sudden decrease in throughput rate of GPSR
that fall from 275 KB/sec to 60 KB/sec. The sudden decrement in the throughput rate of GPSR for some
period of time may at that time period due to high speed the next hop neighbor may not in range or may
be this decrement due to bad signal. But within no time the throughput rate again become high to the
same level as it was before and remained constant throughout the total simulation time.
From figures 9 and 10 it shows that GPSR performs well as compared to AODV. GPSR in the highway
scenario has higher throughput rate in both cases i.e. with high speed and with low speed. On the other
hand AODV is affected by high speed and does not perform well in both situations as compared to GPSR.
Higher throughput means lower delay in the network thus maximum packets received at the destination
using GPSR routing protocol. Higher throughput rate of GPSR shows that the position based routing for
VANET provides maximum reliable communication on highway as compared to topology based routing
of MANET e.g. AODV. So from this scenario it can be concluded that GPSR out performs AODV in
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terms of throughput and creates lower delay in network. While AODV suffers from the highly mobile
nature of nodes (vehicles) and create higher delay in VANET and provides low throughput.

6.1.2

Packets Drop

Packet drop shows the total number of data packets that are not sent to destination successfully. Packet
drop affects the network performance by consuming time and more bandwidth to resend a packet. The
protocol performance considered to be efficient if packet drop rate is lower.

Figure 11: Packet Drop at 20 m/s node speed

Figure 11 shows behavior of AODV and GPSR in terms of packet drop at maximum node speed of 20
m/s. For AODV routing protocol the packet drop rate for first 5 seconds reduced from approx 225 to 30
packets. But this decrease in packets is only for a single second and in no time the packet drop ratio of
AODV becomes higher to 325 packets drop and it gradually increase with the time. The reason for the
higher packet drop in AODV is due to the multi-hop nature of the network.
On the other hand the packet drop ratio of GPSR from figure 11 starts from 200 packets drop and this
ratio gradually increases with the time but Figure 11 shows that at 15 seconds there is a sudden increment
in the packet drop ratio and it reached at 400 packets drop but this ratio remained constant for the rest of
time and decrease at 40 seconds to again the level where it was before. The sudden changes in the packet
drop ratio in GPSR may be due to the longer beaconing interval.
Thus in highway scenario with the nodes maximum speed of 20 m/s there is only a slight difference in
AODV and GPSR in term of packet drop ratio. On the whole in this scenario GPSR has dropped lower
number of packets as compared to AODV. Furthermore, in highway scenario we calculated only those
drop packets that lost between the last intermediate node to destination. Therefore, in this situation a
throughput and drop packets do not have any direct relation.
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Figure 12: Packet Drop at 30 m/s node speed

Figure 12 shows the behavior of AODV and GPSR in terms of drop packets in the presence of high nodes
speed that is 30m/s. At start AODV performs better that the number of dropped packets decreases to the
lowest level but after one second there is gradual increment in the number of dropped packets. AODV
performance in terms of drop packets increased with the increment in node‟s maximum speed. Figure 12
shows that the maximum number of dropped packets in the presence of 30m/s speed reached at the level
of above 600 packets drop that is higher than previous situation.
In the presence of node‟s speed of 30 m/s there is no significant change in the drop packets rate of GPSR
at the initial time interval. From figure 12 it can be seen that the reduction in GPSR drop packets at 40
seconds and it gradually decreased. As compared to previous case packet drop ratio in GPSR with the
increase in speed reduced at the level of approximately 50 packets drop. So in the presence of high speed
of 30 m/s on highway GPSR packet drop rate is less than AODV.
AODV outperformed GPSR at the start of the communication, as shown in figure 11 and 12 there is a
significant decrease in the packet drop as compared to GPSR. On the other hand, GPSR has higher packet
drop ratio at start of communication. On the whole GPSR performed well in terms of packet drop as it is
illustrated from the above figures that the average packet drop rate of GPSR is less than AODV in rest of
simulation time. Also there is a reduction in the total number of packets drop in GPSR when nodes
moving with the maximum speed of 30 m/s. While AODV packet drop rate increased when nodes
movement was 30 m/s compared to previous case. Although, GPSR drop packets rate is lower than
AODV in both situations. But there was only a slight difference in terms of packet drop rate of both these
protocols when nodes move with low speed. On the other hand AODV drop packets rate was higher when
nodes speed increased. Furthermore, it can be concluded that GPSR completely outperformed AODV in
terms of throughput. However, slight difference in drop packet of both these protocols when nodes
movement was 20 m/s but packet drop rate of AODV was higher than GPSR when nodes speed was
30m/s.
Moreover, packet drop and throughput graphs are not the exact mirror of each other in our results. Packets
can be lost at intermediate nodes while throughput shows the total number of received packets at the
destination.
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6.2 City/ Urban Scenarios
For city scenario we designed a network to check performance of routing protocols in the presence of
different radio obstacles i.e. (completely block signals) such as buildings etc. The main aim to design this
network is to check how different routing protocols suffered from the radio obstacles and which routing
protocol has better scalability in city roads. For communication in city environment we consider source
node 9 communicates with destination node 10 through intermediate nodes 14, 15 and 8. A node can
move on either path A or B, as shown in Figure 8. Source and destination nodes will move on path A,
while intermediate nodes will move toward path B. Meanwhile other nodes 17, 18 and 20 will take part in
the communication as intermediate nodes. By simulating this scenario we will observe that how route
breakage and new route discovery affects difference routing protocols.
In this scenario each simulation were performed for 400 seconds. 30 nodes (vehicles) were selected
randomly and each vehicle equipped with IEEE 802.11 (b) wireless module. Nodes move with maximum
speed of 8 m/s i.e. 30 km/h. 2000 meters of total simulation area were selected. 10 different completely
block radio obstacles (consider them as buildings etc) were placed aside the roads to interrupt the
communication. In this scenario A-STAR, GPSR and AODV routing protocols were selected to check
their performance in terms of throughput and packet drop. Each input parameter for city scenario is
shown in the following table:
Table 2: Input Parameters for City scenario

6.2.1

Parameter

Setting

Environment Size

2000 meters

Total number of nodes

30

Number of Radio Obstacles

10

Node Type

Highly Mobile nodes (Vehicles)

Node Speed

8 m/s

Packet Type

UDP

Packet Size

1400 Bytes

Simulation Time

400 seconds

Number of Receiver

One

Throughput

Figure 10 shows performance of AODV, GPSR and A-STAR in terms of throughput in the presence of
radio obstacles at city roads. AODV starts with the high throughput rate but within couple of seconds its
throughput rate dramatically reduced to zero. Furthermore, there was sudden rise and fall in the
throughput rate and at approximately 25 seconds throughput rate of AODV suddenly reached at the
maximum level where the throughput rate was 400 KB/ sec but this rate only for couple of seconds then
its again dramatically decreased to zero and for the rest of communication there was only a short increase
in the AODV throughput. At start may be there was direct route available for destination so AODV shows
high throughput. When the source node moves towards path A the involvement of obstacles at that path
blocks the signals that end up with route breakage. Thus in the presence of obstacles AODV shows
unstable behavior and dramatically changes occurred in terms of throughput rate. The reason behind the
unstable performance of AODV in city environments is that it suffers from the unexpected movement of
nodes and thus it could not maintain the route so immediately and has poor results in terms of throughput.
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Figure 13: Throughput in city scenario

On the other hand GPSR shows the average throughput results in the city scenario. There were also some
dramatically changes in the performance of GPSR shown in Figure 13. Although GPSR is a position
based routing protocol but its performance was average and at some level throughput rate reduced to zero.
As GPSR uses greedy forwarding which perform well where there is less number of obstacles. The
sudden changes in the performance GPSR was may be due to increased number of obstacles in city
environments. Therefore when the GPSR try to perform greedy forwarding the radio obstacles block the
communication from source node to closer neighbor to destination.
A-STAR outperformed AODV and GPSR in terms of throughput in the presences of radio obstacles in
the large city environments. As shown in Figure 13 A-STAR has better performance. Only the short
changes occurred in the performance of A-STAR for the initial 45 seconds. Then sudden decrease in the
performance of A-STAR for a couple of seconds may due to the route selection at that time was not
optimal.
On the whole it can be concluded that A-STAR has better performance in terms of throughput as
compared to GPSR and AODV where there is number of obstacles interrupt the communication.
Furthermore, GPSR outperformed AODV in terms of throughput.
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6.2.2

Packet Drop

Figure 14: Packet Drop in city scenario

The above figure shows the average number of dropped packets by AODV, GPSR and A-STAR routing
protocols in the presence of obstacles. Figure 14 shows instability in the performance of all three routing
protocols in terms of packets drop. AODV packet drop rate was high than GPSR and A-STAR. While
AODV showed unexpected results in the large city environments by dropping less number of packets for
the first 20 seconds. As distance between the nodes with in the city environments are less and also the
vehicles moved with low speed that is why AODV successful to deliver some packets to the destination
as it received RREP from the closed nodes immediately. But this low drop packet rate only for the short
time interval after some time AODV had highest number of dropped packets, it may due to the
communication obstacles between the nodes.
A-STAR has less number of drop packets at the start but there was sudden change in its performance and
number of drop packets increased. Sudden increment in drop packet rate may be due to the packet
traverse to such anchor path that is temporarily marked as “out of service” by A-STAR. But suddenly the
number of drop packets rate reduced and reach at the same level as it was before due to the local recovery
strategy of A-STAR, as it rerouted the packets towards destination instead of drop them. However,
dramatically changes also occurred in the performance of GPSR and drop packets in GPSR has quite
high, because GPSR uses perimeter mode as the local recovery strategy that suffers from the street layout
and also due to the involvement of radio obstacle. Another reason for higher drop packets in GPSR, the
packet may loss because of switching from greedy forwarding to perimeter forwarding. So, it can be
concluded that the AODV and GPSR packet drop rate is higher than A-STAR routing protocol. A-STAR
completely outperformed AODV and GPSR in terms of drop packets. Furthermore, GPSR and AODV
showed slight difference in terms of drop packets in the presence of obstacles.

6.3 Summary of the results
We discussed and analyzed the simulation results of our study in this chapter. We selected throughput and
packet drop performance metrics for the evaluation of routing protocols. To check the performance of
routing protocols in VANET we designed two different networks and named them as highway and city.
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For the highway scenario we have selected AODV and GPSR and evaluate them in the presence of low
and high node‟s speed on highways. While in city scenario we selected AODV, GPSR and A-STAR
routing protocols to check their performance in the large city environment in the presence of radio
obstacles.
The results of various routing protocols for both highway and city scenarios in VANET in terms of
throughput and drop packets has shown in the tabulated form below.

Table 3: Highway scenario results with node's speed 20 m/s

Routing Protocol

Throughput (KB/ sec)

Packet Drop

AODV

7370

16090

GPSR

12449

15073

Table 4: Highway scenario Results with node's speed 30 m/s

Routing Protocol

Throughput (KB/ sec)

Packet Drop

AODV

5043

16712

GPSR

12209

13877



The above results shows that GPSR out performs AODV in both scenarios of highway in terms of
throughput. There was no significant effect in the throughput rate of GPSR with the increment in
nodes speed. On the other hand AODV performance in terms of throughput affected by the nodes
high speed.



Above results shows that when nodes moved with 20 m/s there was slight difference in the
performance of both protocols in terms of drop packets. While drop packet rate of GPSR became
lower with the increment in nodes speed. However, a little increment in drop packets of AODV
with node‟s high speed.



So we realized that GPSR completely outperform AODV in terms of throughput and rapid
movement of nodes does not affect its performance. From results we also realized that AODV
performance suffers with nodes speed which reduced its throughput rate. Furthermore, increment
in speed reduces the drop packet rate of GPSR.
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Table 5: City scenario Results

Routing Protocol

Throughput (KB/ sec)

Packet Drop

AODV

9921

7573

GPSR

13859

6495

A-STAR

19008

2457



As compared to highway scenarios the node‟s speed was very low in city scenario. That‟s why all
three protocols perform well in this scenario.



Table 5 results shows that A-STAR completely outperformed AODV and GPSR in terms of
throughput and drop packets. While GPSR also had better throughput rate than AODV. We
realized that throughput rate of A-STAR was higher than AODV and GPSR. However, slight
difference in the performance of AODV and GPSR in terms of drop packet.



From above results we realized that A-STAR provides scalable results in city environments of
VANET. We also realized that there was slight difference in performance of GPSR and AODV in
terms of drop packets. However, GPSR provides higher throughput than AODV in the presence
of radio obstacle.

Conclusion
The main goal of this thesis is to identify different issues in ad hoc routing protocols and to evaluate these
routing protocols against each other in VANET. In this study we focused from traditional ad hoc routing
protocols to recently proposed position based routing protocols. We have examined how different routing
protocol suffers from the highly mobile nature of VANET.
In this study, by literature surveying we found reactive routing protocols of traditional ad hoc networks
are applicable for VANET. From the results of our study we realized that the traditional ad hoc reactive
routing protocols have unstable performance in VANET. We examined reactive ad hoc routing protocol
AODV against position based routing protocols i.e. GPSR and A-STAR and found that the performance
of AODV suffers from the high speed of nodes, radio obstacles and sudden change in position of nodes in
VANET. So high speed of nodes and involvement of radio obstacles are major challenges for traditional
ad hoc routing protocols that makes them unsuitable for VANET.
We found that position based routing protocols shows better results than traditional ad hoc routing
protocols in VANET. We evaluated two position based routing protocols that are GPSR and A-STAR in
two different scenarios of VANET. GPSR outperforms AODV completely in both highway and city
environments of VANET. While GPSR affected with the involvement of obstacles in the large city
environments. On the other hand A-STAR outperforms both GPSR and AODV in city environments of
VANET. As A-STAR uses the anchored based street information to find the routes in large city
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environments, therefore it is not an alternative for highway scenarios. So we realized that A-STAR is
scalable for such environments of VANET where numbers of nodes are higher and radio obstacles
involved, while GPSR is reliable for direct communication among nodes. Furthermore, all position based
routing protocols cannot deal with all various environments of VANET.
From the conducted study, we suggest that position based routing protocols are more promising than
traditional ad hoc routing protocols for VANET. Although position based routing is scalable for VANET
but it is hard to suggest any single routing protocol that can deal with different scenarios of VANET. The
selection of a single routing protocol is hard in VANET because the protocol performance depends on
vehicle speed, driving environment etc that may vary from one environment of network to another.

Future work
In wireless network community VANET received attention of many researchers due to its unique nature.
Although amount of research has been devoted to the various routing issues in VANET but still there are
some areas that need more attention. Due to time constraint, we only focused on traditional ad hoc and
position based routing protocols but still there are some areas in these routing protocols that need more
attentions.


Other performance metrics such as end-to-end delay, average routing overhead and packet
delivery ratio etc should be measure for both topology based and position based routing methods
in VANET.



Secure routing is one of the challenging areas. Due to the unsecure and ad hoc nature of VANET,
there is prone to several security attacks that may lead to devastating consequences. So security
attacks should be investigated with respect to different attacks in VANET.



Several other routing methods such as broadcast, geocast and cluster based routing methods can
be consider for the evaluation of routing protocols in VANET.



New algorithms should be proposed to provide reliable QoS for safety and comfort applications
in VANET.



Different position based routing protocols should be evaluated in real environment of VANET to
check their efficiencies in real situation.
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