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Abstract 

With the advancement and wide deployment of wireless 
communication technologies, car manufactures and 
telecommunication industries recently gear up to equip 
each vehicle with wireless devices that allow vehicles to 
communicate with each other as well as roadside 
infrastructure in order to enhance driving safety and 
improve driver’s driving experiences. Such vehicular 
communication networks, which are also referred to as 
Vehicular Ad hoc Networks (VANETs). VANET is a 
promising approach for the intelligent transportation system 
(ITS). The design of routing protocols in VANETs is 
important and necessary issue for support the smart ITS. 
MANET routing protocol is not suitable for VANET 
because MANET routing protocol has difficulties from 
finding stable routing paths in VANET environments. This 
paper discusses the architecture of VANET and its routing. 
Keywords: VANET, Routing, ITS. 
 
I. Introduction 
 
A Vehicular Ad-Hoc network is a form of Mobile ad-
hoc Networks,  to  provide  communication  among  
nearby vehicles  and  between  vehicles  and  nearby  
fixed equipment  i.e.  roadside equipment.  The  main  
goal  of VANET  is  providing  safety  and  comfort  
for  passengers. Each  vehicle  equipped  with  
VANET  device  will  be  a node in the Ad-hoc 
network and can receive & relay other messages  
through  the  wireless  network Collision warning, 
Road signal arms and in place traffic view will give 
the driver essential tool to decide the best path along 
the  way.VANET  or  Intelligent  Vehicular  Ad-Hoc 
Networking provides an intelligent way of using 
vehicular Networking [1].  
The main goal for routing protocol is to provide 
optimal paths between network nodes via  minimum  
overhead.  Many routing protocols have been 
developed for VANETs environment, which can be 
classified in many ways, according to different 
aspects;  such  as:  protocols  characteristics,  

techniques  used,  routing  information,  quality  of  
services,  network  structures, routing algorithms, and 
so on [2]. 

Vehicles  on  the  roads  use  wireless  technology  to  
communicate  each  other  without  any   pre 
deployed infrastructure. More recently, various 
applications have appeared in the VANETs. The   
applications have been classified into two categories:   
 

a. Safety  applications,  which  allow  the  
passengers or drivers to share contents such 
as road obstacles, traffic flows and accidents 
that  have occurred,  

b. Entertainment applications, which allow 
vehicles to share multimedia or local 
information such as MP3 music, videos, sale 
advertisement or virtual tours of hotel 
rooms.  One  of  the  main  issues  in  
VANETs  is  providing  a  reliable  and  
efficient  routing  in  urban  scenarios with 
regard to the challenges (i.e., high vehicle 
mobility and presence of radio obstacle) [2]. 

 

 

 

Figure 1: VANET [3] 
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II. Routing in VANET 
 
Different routing strategies have been defined based 
on prior ad hoc network architectures by targeting the 
specific VANET needs of scenarios and applications. 
These protocols can be grouped into topology based 
it reactive, position based, cluster based and 
broadcasting. Most of the VANET applications 
critically rely on routing protocols. Thus, an optimal 
routing strategy that makes better use of resources is 
crucial to deploy efficient VANETs that actually 
work in volatile networks. Finding well-suited 
parameter configurations of existing mobile ad hoc 
network (MANET) protocols is a way of improving 
their performance, even making the difference 
between a network that does work or does not, e.g., 
networks with high routing load suffer from 
congestion and cannot ensure timely and reliable 
delivery of messages. The major challenges 
associated with VANET are lack of infrastructure and 
shorter communication session due to rapid change in 
the network topology. Therefore routing protocols 
play a significant role in achieving successful inter-
vehicular communication [4]. 

Many routing protocols have been developed for 
VANETs environment, which can be classified in 
many ways, according to different aspects; such as: 
protocols characteristics, techniques used, routing 
information, quality of services, network structures, 
routing algorithms, and so on. Some research papers 
classified VANETs routing protocols into five 
classes: topology-based, position-based, geocast-
based, broadcast, and cluster-based routing protocols, 
this classification is based on the routing protocols 
characteristics and techniques used [5], [6], [7]. As 
well, others classified VANETs routing protocols 
according to the network structures, into three 
classes: hierarchical routing, flat routing, and 
position-base routing. Moreover, they can be 
categorized into two classes according to routing 
strategies: proactive and reactive [8]. On the other 
hand others classified into two categories: 
geographic-based and topology-based, according to 
the routing information used in packet forwarding. 
Also based on quality of services classification, there 
are three types of protocols that dealing with network 
topology (hierarchical, flat, and position aware), 
concerning with route discovery (reactive, proactive, 
hybrid and predictive), or based on the MAC layer 
interaction [9]. 
 

Although VANET are a subset of MANET, all 
routing protocols that are applicable on MANETs do 
not run well or function optimally on VANETs, the 
main reason for this are the special characteristics of 
VANET like high node/vehicle speed and predictable 
random motion. In VANET each node or vehicle acts 
both as a router i.e. part of the network and as well as 
a receiver of the data. There are two main types of 
routing protocols for mobile ad hoc networks [10]: 

1. Location-based protocols. 
2. Topology-based protocols. 

Location-based protocols use node location (for 
example GPS coordinates) as additional information 
to find suitable route. However, this requires location 
services and servers. Hence, another complexity 
would be introduced to the system, and therefore, we 
will focus on topology –based protocols for 
simplicity. 

There are two classes for topology-based mobile ad 
hoc routing protocols: 

1. Proactive routing protocols: updates the 
routing table continuously with routes to all 
possible destination nodes. Examples of 
Proactive RP's: Fisheye State Routing 
(FSR). 

2. Reactive routing protocols: updates the 
routing table on demand with only the 
needed routes to destination. 

Examples of Reactive RP's: Ad hoc On-Demand 
Distance Vector (AODV), Dynamic Source Routing 
(DSR), and Temporary-Ordered Routing Algorithm. 
All these protocols are similar in a since that they all 
use a kind of response-reply mechanism. However, 
they differ how packets are sent and how routing 
information is stored. The Dynamic source routing 
protocol (DSR) and the optimized link state routing 
protocol (OLSR) are well known unicast routing 
protocols for MANETs and have been successfully 
adapted to VANETs as well. DSR is an on-demand 
routing protocol which searches for a route only 
when needed. Each node maintains the known routes 
in its cache. A route consists of the full source route, 
containing all the intermediate nodes in the route. 
New routes are discovered by a source by flooding 
the network with route request messages. When the 
destination receives a route request, it sends a route 
reply. The route reply send by the destination 
accumulates all the nodes through which the route 
rely propagate. When the routes rely reaches the 
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source, it gets the source route to the destination from 
the reply. On the other hand, OLSR is a proactive 
routing protocol, which maintains routes between any 
two nodes in the network. HELLO message are used 
for maintaining the routes. The main advantage of 
this is that each node always has a route to every 
other node in the network. This advantage comes as a 
result of large message overhead for maintaining the 
routes. DSR has low overhead and is suitable for 
networks in which not all nodes need a routs to every 
other node in the network and the user traffic is low 
[10]. 

III. Position Based Routing 
 
Position or geographic routing protocol is based on 
the positional information in routing process; where 
the source sends a packet to the destination using its 
geographic position rather than using the network 
address. This protocol required each node is able to 
decide its location and the location of its neighbors 
through the Geographic Position System (GPS) 
assistance. The node identifies its neighbor as a node 
that located inside the node’s radio range. When the 
source need to send a packet, it usually stores the 
position of the destination in the packet header which 
will help in forwarding the packet to the destination 
without needs to route discovery, route maintenance, 
or even awareness of the network topology. 
Geographic routing protocols commonly classified 
into three classes: Delay Tolerant Network (DTN) 
Protocols, Non Delay Tolerant Network (Non DTN) 
Protocols and hybrid . 
 

A. Delay Tolerant Network (DTN) 
Protocols 

DTN is a wireless network designed to perform 
efficiently in networks with some characteristics; like 
frequent disconnection communication, large scale, 
long unavoidable delays, limited bandwidth, power 
constraints and high bit fault rates. In this network, 
all nodes help each other to forward packets (store 
and forward scheme). These nodes may have a 
limited transmission range; so packets transmission 
will take large delays .  
 
The DTN architecture implements a store-and 
forward paradigm by overlaying a protocol layer, 
called bundle layer that it is meant to provide 
internetworking on heterogeneous networks 
operating on different transmission media [41]. At 
the edge of each remote area network, a border 
system has an application layer gateway to terminate 

applications and produce data bundles. The DTN 
architecture concept was also extended to transit 
networks, called Vehicular DTN (VDTN). In these 
networks vehicles (e.g., cars, buses, and boats) are 
exploited to offer a message relaying service by 
moving around the network and collecting messages 
from source nodes. A number of projects have been 
based on this general concept. For example, the 
Message Ferry project to develop a data delivery 
system in disconnected areas . Another example is 
the DakNet project proposed to provide low-cost 
connectivity to the Internet to rural villages in India 
[11]. 
 

a. VADD 
Vehicle- Assisted Data Delivery Zhao and Cao [12] 
proposed several vehicle assisted data delivery 
(VADD) protocols. All of them share the idea of 
storing and forwarding data packets. That is, nodes 
can decide to keep the message until a more 
promising neighbor appears on their coverage range, 
but trying always to forward them as soon as 
possible. Additionally, decisions about which streets 
must be followed by the packet are made using 
vehicle and road information such as current speed, 
distance to the next junction, and maximum speed 
allowed. These routing decisions are dynamically 
taken at junctions because the authors state that pre-
computed optimal paths used by other protocols 
might rapidly lose their optimality due to the 
unpredictable nature of VANETs. 
 
In VADD the main goal is to select the path with the 
smallest packet delivery delay. The behavior of the 
protocol depends on the location of the node holding 
the message. Two cases are considered: when nodes 
routing the message are located in the middle of a 
road and when they are located in a junction. The 
first case (also called routing in straight way) 
presents less alternatives: forwarding the packet 
toward the next junction or to the previous one. 
However, the second case (also called routing in 
intersections) is much more complicated because at 
junctions, the routing decision must consider the 
different roads, so that the number of options is 
higher. 

 
b. GeOpps 

Geographical Opportunistic Routing  GeOpps for 
vehicular networks [13] is a trajectory-based protocol 
that uses both the opportunistic nature of vehicular 
mobility patterns and the geographic information 
provided by navigation systems. This protocol 
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assumes each vehicle is assumed to know its 
complete trajectory.  
 
GeOpps applies a delay-tolerant mechanism, 
therefore a vehicle store data packets until a suitable 
next hop for them is found later on. To choose the 
next hop, each node computes the closest point in 
their trajectory in direction of the destination of the 
packet. GeOpps is a protocol for delay-tolerant data, 
but the performance depends heavily on accurate the 
trajectory information. Therefore if the driver does 
not follow the route suggested by the GPS, the 
routing decision taken might be erroneous [11]. 

B. Non Delay Tolerant Network (NON 
DTN) Protocols  

The non-DTN protocols are geographic routing 
protocols, but it does not consider a disconnectivity 
issue; it assumes there are always a number of nodes 
to achieve the successful communication; so, this 
protocol is only suitable for high density network. In 
these protocols, the node forwards its packet to the 
closest neighbor to the destination, but this approach 
may be unsuccessful if there is no closest neighbor to 
the destination rather than the current node itself  
 

a. Greedy Perimeter Stateless Routing 
(GPSR) [14] 

Each node periodically broadcasts a beacon message 
to all its neighbors containing its id and position. If 
any node does not receives any beacon message from 
a neighbor for a specific period of time, then GPSR 
router assumes that the neighbor has failed or out of 
range, and deletes the neighbor from its table. It takes 
greedy forwarding decisions using information about 
immediate neighbors in the network. For any node if 
greedy forwarding is impossible then it uses 
perimeter of the region strategy to find the next 
forwarding hop. In a city scenario greedy forwarding 
is often restricted because direct communications 
between nodes may not exist due to obstacles such as 
buildings and trees. Converting network topology 
into planarized graph when greedy forwarding is not 
possible will degrade the performance of routing. 
 

b. A-STAR (Anchor-based Street and traffic 
aware routing) 

A-STAR is position based routing scheme proposed 
by Seet et al. whose basic purpose is to support 
routing in the city environment [3]. This routing 
scheme ensures end to end connection even in the 
case of low traffic density. It uses the information 
from city bus routes to find an anchor path for higher 

connectivity so that more and more packets can be 
delivered to the destination. This routing protocol is 
also very efficient in route recovery strategy and also 
proposed a new recovery strategy when the packets 
are routed to local optimum, which consists of the 
computation of new anchor path from local 
maximum [3].  
 

c. GPCR (Greedy perimeter coordinator 
routing) 

To deal with the city environment tasks Lochert et al 
[3], designed GPCR, which applies restricted greedy 
forwarding approach along a preselected path. In this 
routing when choosing next hop, a coordinator node 
(the node on the junction) is chosen even it is not the 
closest node to the destination. GPCR suffers the 
same problem as with GSR i.e. ignore the case 
whenever the traffic density is low.  
 

C. Hybrid Position-Based Routing 
Position routing protocol reduces control routing 
overhead, it doesn't need to construct or maintain a 
routing table; because it only uses the location 
information about the neighbors and destination 
nodes, these issues made position-based routing 
protocols scalable. However, position routing 
protocols have many limitations that restrict their 
usage; these limitations can be summarized in the 
following points [15]: 

• The performance of position routing can be 
significantly decreased according to the 
location accuracy; because the accurate 
locations information is an essential factor to 
get a good performance in position routing. 
 

• Position routing could be failing, if there is 
no any neighbor node which is closer to the 
destination (null area). 
 

• Position routing solves the absence of 
closest neighbor toward the destination, by 
the backup process. However, it required 
packets to travel larger distances to reach 
destinations, also packets could be travel in 
a close circle, or could be dropped. 

So no existing routing protocol performs efficiently 
in all circumstances. Therefore, many researchers 
developed hybrid schemes, they merge characteristics 
of two or more position-based routing protocols (non-
DTN and DTN schemes), sometimes they merge one 
or more topology routing protocols (reactive, 
proactive and hybrid schemes) with position-based 
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routing. The hybrid position routing protocol is a 
mixture protocol that takes advantage of more than 
one protocol schemes. 

a. Hybrid Location-Based Ad Hoc 
Routing Protocol (HLAR) 

HLAR is a hybrid position routing protocol designed 
to efficiently use all the available location 
information and to minimize the routing control 
overhead. This protocol is planned to switch to the 
on-demand routing when sufficient location 
information is unavailable or limited, it also deals 
with the problem of no closest neighbor to the 
destination (void regions), and so it is almost a 
scalable protocol. HLAR works as a reactive protocol 
in the route discovery process, however if there is no 
route to the destination node, the source node adds 
information about its location and the location of the 
destination in the route request packet then it 
searches for a closer node near the destination. If the 
node finds a neighbor which is close to the 
destination then it forwards the request packet to it. 
But if no closer neighbor node is found, it floods the 
route request packet to all its neighbors. The source 
node repeats these steps until it reaches the desired 
destination. HLAR protocol minimizes the routing 
control overhead compared with the on-demand 
routing protocols, furthermore it generally provides a 
fresh large size location information [16].  
 
However, HLAR doesn't guarantee the best reliable 
route; because the intermediate node doesn't have a 
reverse link to the source, and could not inform other 
neighboring nodes if it finds a better route to source. 
Actually, all categories of routing protocols have the 
same objectives; that they aim to decrease the 
network overhead, minimizing the transmission delay 
and increasing the network throughput. However, in 
VANETs it is more difficult to find a specific routing 
protocol that works efficiently in all network 
environment situations; that some protocol may be 
suitable for the high mobility environment but suffer 
from end to end delay, in contrast other protocols 
could provide fast packet delivery, but unsuitable for 
the high mobility environment, and so on. So it could 
be not easy work to precisely compare the existing 
VANETs routing protocols, or even claims which 
one is the best in all environment situations; however 
some research papers analyzed the two classes and 
compare them using some related protocols; and their 
results is concluded that the position-based routing 
performs better than topology-based routing for both 
urban and rural scenarios.  

IV. Conclusion 

VANET has unique characteristics like high mobility 
with the constraint of road topology, initially low 
market penetration ratio, unbounded network size, 
infrastructure support that differentiate it from 
MANET. Routing is an important component in 
vehicle-to-vehicle (V2V) and infrastructure-to-
vehicle (I2V) communication. This paper discusses 
various routing protocols of VANET. Designing an 
efficient routing protocol for all VANET applications 
is very hard.  
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