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Abstract

Vehicular Ad Hoc Networks (VANET) is a subclass Miobile ad hoc networks which provides a
distinguished approach for Intelligent Transporst®yn (ITS). The survey of routing protocols in VANE

is important and necessary for smart ITS. This pajgcusses the advantages / disadvantages and the
applications of various routing protocols for vahar ad hoc networks. It explores the motivatiohibé

the designed, and traces the evolution of theséngprotocols. This paper discusses the main Bsygf
protocols for VANET Topology Based, Positioned Bis&eo Cast, Broad Cast, and Cluster Based
Protocols. It also discusses the types of Broad@axbcols like multi hop and reliable broadcastpecols.

Keywords: VANET, ITS, MANET, UMB, DV-CAST.

1. Introduction

Vehicular ad hoc network is a special form of MANR&hich is a vehicle to vehicle & vehicle roadside
wireless communication network. It is autonomousséf-organizing wireless communication network,
where nodes in VANET involve themselves as seraatdor clients for exchanging & sharing information
The network architecture of VANET can be classifiethb three categories: pure cellular/WLAN, pure ad
hoc, and hybrid [1]. Due to new technology it hakeh huge attention from government, academy &
industry. There are many research projects arotedworld which are related with VANET such as
COMCAR [2], DRIVE [3], FleetNet [4] and NoW (Netwoion Wheels) [5], CarTALK 2000 [6], CarNet
[7]. There are several VANET applications such akisle collision warning, Security distance warning
Driver assistance, Cooperative driving, Cooperativgise control, Dissemination of road information,
Internet access, Map location, Automatic parkingy&dless vehicles.

2. Routing Protocols

In VANET, the routing protocols are classified infive categories: Topology based routing protocol,
Position based routing protocol, Cluster basedimguprotocol, Geo cast routing protocol and Broatica
routing protocol. These protocols are charactermedhe basis of area / application where theynaost
suitable.

2.1. Topology Based Routing Protocols

These routing protocols use links information tiests in the network to perform packet forwardimey
are further divided into Proactive, Reactive & HgbProtocols.

2.1.1 Proactiverouting protocols
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The proactive routing means that the routing infation like next forwarding hope is maintained i th
background irrespective of communication requeste packets are constantly broadcast and flooded
among nodes to maintain the path, then a tableristoucted within a node which indicates next hogen
towards a destination. The advantage of proactwing protocols is that there is no route discguer
required since the destination route is storedhénttackground, but the disadvantage of this préisedbat

it provides low latency for real time applicatiah,also leads to the maintenance of unused dataspat
which causes the reduction in the available bantthwithe proactive protocol is also known as talieeth
routing protocol. These protocols work by periotlicexchanging the knowledge of topology among all
the nodes of the network.
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Figure-1 Routing Protocols for VANET

2.1.2 Reactive/Ad hoc based routing

Reactive routing opens the route only when it isessary for a node to communicate with each other.
Reactive routing consists of route discovery phiasghich the query packets are flooded into thevoet

for the path search and this phase completes wingte is found.These protocols are called as on-demand
routing protocols as they periodically update thating table, when some data is there to sendth&ise protocols use
flooding process for route discovery, which causese routing overhead and also suffer from theahitoute
discovery process, which make them unsuitabledfetg applications in VANET.

2.1.3 Hybrid Protocoals:

The hybrid protocols are introduced to reduce tbetrol overhead of proactive routing protocols and
decrease the initial route discovery delay in ligaatouting protocols.

2.2. Position Based Routing Protocols
Position based routing consists of class of rousitggprithm. They share the property of using geplia

positioning information in order to select the nétwarding hops. The packet is send without any ma
knowledge to the one hop neighbor which is closestestination. Position based routing is bendficia
since no global route from source node to destinatiode need to be created and maintained. Position
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based routing is broadly divided in two types: Hosi based greedy V2V protocols, Delay Tolerant
Protocols.

2.3. Cluster Based Routing Protocols
In Cluster-based routing protocols vehicles neareé@h other form a cluster. Each cluster has one

cluster-head, which is responsible for intra angricluster management functions. Intra-clusteresod
communicate each other using direct links, wheregs-cluster communication is performed via cluste
headers. In cluster based routing protocols thmdtion of clusters and the selection of the clustad is
an important issue. In VANET due to high mobilityndmic cluster formation is a towering process.

2.4. Geo Cast Routing Protocols
Geocast routing is basically a location based wast routing. Its objective is to deliver the packem

source node to all other nodes within a specifieaggaphical region (Zone of Relevance ZOR). In Gsbc
routing vehicles outside the ZOR are not alertedvimid unnecessary hasty reaction. Geocast is cenesl

as a multicast service within a specific geograpbgion. It normally defines a forwarding zone wéhér
directs the flooding of packets in order to reducessage overhead and network congestion caused by
simply flooding packets everywhere. In the destomatzone, unicast routing can be used to forwaed th
packet. One pitfall of Geocast is network partithgnand also unfavorable neighbors which may hirder
proper forwarding of messages. These protocolsised to send a message to all vehicles in a pieedief
geographical regian

2.5. Broadcast Based Routing Protocols
Broadcast routing is frequently used in VANET fdnagng, traffic, weather and emergency, road

conditions among vehicles and delivering advertesgisiand announcements. Broadcasting is used when
message needs to b disseminated to the vehiclenbethe transmission range i.e multi hops are used.
Broadcast sends a packet to all nodes in the nkfwggically using flooding. This ensures the deliy of

the packet but bandwidth is wasted and nodes rechiplicates. In VANET, it performs better for aadin
number of nodes. The various Broadcast routingoomls are BROADCOMM, UMB, V-TRADE,
DV-CAST, EAEP, SRB, PBSM, PGB, DECA and POCA.

2.5.1 BROADCOMM: [8]

BROADCOMM is based on hierarchal structure for igly network. In BRAODCOMM the highway is
divided into virtual cells which move like vehicleBhe nodes in the highway are organized into wvell

of hierarchy: the first Level includes all the nede a cell, the second level is represented Hyrefiéctors,
which are few nodes located closed to geographbamtre of cell. Cell reflected behaves for certaterval

of time as cluster head and handles the emergersgages coming from same members of the cell or
nearby neighbor. This protocol performs similar flooding base routing protocols for message
broadcasting and routing overhead.

252UMB: Urban Multihop Broadcast Protocol [9]

UMB is designed to overcome the interference, pacélision and hidden node problems during message
distribution in multi hop broadcast. In UMB the den node tries to select the furthest node in the
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broadcast direction for forwarding and acknowledgdine packet without any prior topology information
UMB protocol performs with much success at higherket loads and vehicle traffic densities.
2.5.3V-TRADE : Vector Based Tracing Detection [10]

It is a GPS based message broadcasting protodoésbdsic idea is similar to unicast routing proteco
Zone Routing Protocol (ZRP). V-TRADE classifies theighbors into different forwarding groups
depending upon position and movement informatiaor. €éach group only a small subset of vehicles is
selected to rebroadcast the message. V-TRADE inggrdkie bandwidth utilization but some routing
overheads are associated with selecting the nextfding node in every hop.

2.5.4 DV-CAST: Distributed vehicular broadcast protocol [11]

It uses local topology information by using theipéic hello messages for broadcasting the inforomati
Each vehicle uses a flag variable to check whethepacket is redundant or not. This protocol digithe
vehicles into three types depending on the locaheotivity as well connected, sparsely connectad)ly
disconnected neighborhood. In well connected neighdind it uses persistence scheme (weighted p
persistence, slotted land p persistence). In dgareanected neighborhood after receiving the becaad
message, vehicles can immediately rebroadcast wetticles moving in the same direction. In totally
disconnected neighborhood vehicles are used te $her broadcast message until another vehiclesenter
into transmission range, otherwise if the time eeiit will discard the packet. This protocol caubigh
control overhead and delay in end to end datafeeans

2.5.5. EAEP: Edge-aware epidemic protocol [12]

It is reliable, bandwidth efficient information demination based highly dynamic VANET protocol. It
reduces control packet overhead by eliminating arge of additional hello packets for message tesnsf
between different clusters of vehicles and easestal maintenance. Each vehicle piggybacks its own
geographical position to broadcast messages toingten beacon messages. Upon receiving a new
rebroadcast message, EAEP uses number of tranemigsim front nodes and back nodes in a given
period of time to calculate the probability for nvak decision whether nodes will rebroadcast thesags

or not. But EAEP does not address the intermittemntnectivity issue. Specifically, a node does nudvk
whether it has missed any messages to its new lmmiglor its neighbors have missed some messages.
EAEP overcomes the simple flooding problem butéuirs high delay of data dissemination.

2.5.6 SRB: Secure Ring Broadcasting [13]

It is to minimize number of retransmission messagabto get more stable routes. It classifies nadtes
three groups based on their receiving power as INnees (close to sending node), Outer Nodes (faya
from sending node), Secure Ring Nodes (preferabtartte from sending node). It restricts rebroatitogs

to only secure ring nodes to minimize number afaregmissions.

2.5.7 PBSM: Parameter less broadcasting in static to highly mobilewirelessad Hoc [14]

It is an adaptive broadcasting protocol that daggequire nodes to know about position and movéren
their nodes and itself. It uses connected domigasiats (CDS) and neighbor elimination concepts to
eliminate redundant broadcasting. It employs twp-heighbor information obtained by periodic beacons
to construct CDS. Each vehicle A maintains twoslisf neighboring vehicles: R and NR, containing
neighbors that already received and that whichndidreceive the packet. After a timeout, A rebreets
the packet if the list NR is nonempty. Both listsaRd NR are updated periodically by using beacon
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messages. Nodes in CDS have less waiting time@uit ttodes that are not in CDS. The main idea of
PBSM is two nodes do not transmit every time thisgaver each other as new neighbors. It is a paeme
less protocol which does not consider vehicle pmsitdirection and velocity. To overcome this perl
authors proposed ACKPBSM which tries to reducecthrtrol packet overhead in data forwarding. It uses
GPS to retrieve position information and acknowksdgnts are piggybacked in periodic beacon messages.
It employs 1-hop position information obtained bgripdic beacons to construct CDS. As PBSM AND
ACKPBSM uses store and forward method to deliverttessage in whole network which employs high
end to end delay this is not acceptable in safgpjieation for VANET.

2.5.8 PGB: Preferred group broadcast [15]

PGB is not a reliable broadcasting protocol bus i solution to prevent broadcast storm problesmfr
route request broadcasting . Each node in PGB seifise the level of signal strength from neighbor
broadcasting. The signal strength is used for ngitimeout calculation. Nodes in the edge of cated
broadcast will set shorter waiting timeout. Onlydaowith shortest timeout will rebroadcast the mgssa
PGB can reduce numbers of RREQ broadcasting. Bue thxists a problem on low density area.

2.5.9 DECA: Density-awarereliable broadcasting protocol [16]

It does not require position knowledge. DECA emptmyy local density information of I-hop neighbors
obtained by beaconing. Before broadcasting, a remdects one neighbor which has the highest local
density information to be the next rebroadcast n@dker nodes will randomly set their waiting tinnédf

they do not hear anyone rebroadcast the messageelibE timeout expiration, they will rebroadcdst t
message. Furthermore, identifiers of the receiveddrast messages are included into periodic beammn
that a node can discover its neighbors, which mteeceived the messages and consequently relaisiadc
the messages for those neighbors. The advantaf&EGHA is it does not require position knowledge to
operate so it is more flexible to suit any opeigmvironment.

2.5.9 POCA: Position-awarereliable broadcasting protocol [17]

It uses adaptive beacon[18] to get neighbors' jposiand velocity. When nodes want to broadcast
messages, they will select the neighbors in prefedistance to rebroadcast the message. The mferr
distance is based on the distance between nodeseterlor nodes. The selected node will rebroadbast
message immediately. In case the selected nodestdebroadcast the message, other nodes which have
set waiting timeout since they received messagedwithis task instead. The waiting timeout is oidted
depend on the distance between node and precussler 80 a node that is closest to selected node wil
rebroadcast the messages. POCA also piggybackseksage identifier to beacon to handle intermittent
connectivity. Nodes can know if the neighbors nieme messages and rebroadcast the message to them
by set waiting timeout. So a node in the same seation will rebroadcast the messages to neighbors.

3. Conclusion

Routing is an important component in vehicle-toigkh (V2V) and infrastructure-to-vehicle (12V)
communication. This paper discusses various routiagocols of VANET. Designing an efficient routing
protocol for all VANET applications is very diffittu Hence a survey of different VANET protocols,
comparing the various features is absolutely esdetat come up with new proposals for VANET. The
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performance of VANET routing protocols depend omiogs parameters like mobility model, driving
environment and many more. Thus this paper has egnwvéith an exhaustive survey of different classies
VANET routing protocols and different types of bdgast routing protocols
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