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Abstract — Vehicular Ad hoc Networks are a special form ofelMss networks made for vehicles with
bidirectional communicating devices. This attrabis concept of ubiquitous and pervasive computimg f
the future. VANET has received more researchershasdunlocked a path to develop few applications
like traffic management, propagation of emergenegsages and few user defined applications. VANETS
have characteristics like dynamic network strugturede mobility, low processing speed and low
memory which needs special attention. These pregefacilitate more graph theory algorithms to be
applicable in making shortest and best routes lmtwle source and destination. This paper presents
survey on different routing techniques which areraped based on graph theory algorithms. The owgcom
of this paper may be considered in future to deaigefficient routing protocol for VANET.
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1. Introduction

Vehicular Ad hoc Networks (VANETS) are becomingque and come under the category of
mobile ad hoc network that may be used for vehigleehicle communication. Vehicles can send and
receive information like road conditions, vehiclengestion and emergency messages, when they move
on road. VANETS have properties like high speedentent, dynamic network topology, low processing
and low memory [1]. These vehicle nodes are comdettt a power source and so power is not a vital
resource [2]. VANETSs draw the attention of varieesearchers from academics and industries becéuse o
their interesting features.

The major goal of routing techniques in VANET asidentify either the shortest path or a stable
path from source vehicle to destination. The slsogath is mostly a single path and it has higle !
of broken links. Thus it leads to innovate a newteodiscovery technique and so causes delay and
overhead in packet delivery [3]. Contrarily, mudts¢t or broadcast routings establish a multi-way
communication between source vehicle node andrn#gsin and instruct how to use these selected paths
[4, 5]. Multipath routing is most opted to VANETsdause of its rapid topological changes and
unpredictable network characteristics [6]. Sindevehicle nodes are a member in a single group of
VANET architecture, multicast and broadcast rowudingre highly reliable. Both routing methods
effectively utilize network resources and prolohg verall network lifetime. The major weakness of
multicast and broadcast routing is that it produepticated data between source and destination.

The rest of this article is organized as folloWwke basic architectural information of VANET is
given in Section 2. Section 3 introduces the pnmdANET model and its statistical connectivity.
Various routing protocols that follow either unit@s multicast or broadcast strategy are explaimed
section 4. Finally the article is concluded in &&tb.



2. Architecture of vehicular ad hoc network

This section describes the architecture of vehicathhoc networks. We first present the major
components of VANETs from our perspective view,urinate their interaction and host the
communication architecture. Moreover, we affordraspntation of the open system interconnect (OSI)
layered architecture for VANETs. The architectufeMANET prescribed by IEEE 1471-2000 and
ISO/IEC 4201ds shown in Figure 1.
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Figure 1. Architecture of Vehicular Ad hoc Netwarks
2.1.Radio components

According to the regular guidelines, we are competo complete the VANETs system by
entities which can be separated into two domahmes:nhobile domain and the infrastructure domain [7].
As is shown in Figure 1, the mobile domain cons@tsnumerous vehicles which can move freely
anywhere. Mobile domain consists of an on-boartl (@BU) and few application units (AUS).

The infrastructure domain contains controllinghawity of the whole network such as traffic
management control and vehicle management coo@Ed Side Units (RSUs) and hot spots (HSs) are
two main components in an infrastructure domainudlly OBUs are wirelessly connected with static
Road-Side Units (RSUs) when a communication requiRSU contacts a gateway (GW) to transfer an
infrastructure domain. OBU can also contact otledlutar networks in case of an emergency, if no RSU
are present in that location.



2.2.Communication architecture

Communication architecture in VANETs can be chedwed into four types. It is closely
connected to radio components of VANETSs [26]. Tyyees of communication architecture are shown in
Figure 2.

In-vehicle communication, there is a bidirectional communication betweersfddd OBU. It inspects the
vehicle’s performance and especially the driveasgie and drowsiness by using internal sensorshwhi
are critical for driver and public welfare.

Vehicle-to-vehicle (V2V) communication can offer a data exchange for the drivers to sloadenary
information and emergency messages. It is hightyuligo drivers to avail driver assistance.

Vehicle-to-road infrastructure (V2l) communication enables a sharing point of real-time traffic/weathe
updates for drivers and delivers environmentalisgrsnd monitoring.

Vehicle-to-broadband (V2B) cloud communication means that vehicles may store and retrieve data via
wireless broadband mechanisms such as 3G/4G/LTEthAsbroadband cloud include more traffic
information and monitoring data, this kind of coatien will be useful for driver assistance and eéhi
tracking.

Figure 2. Types of communication methods in VANETS.

2.3.Layered Architecture

The open systems interconnection (OSI) model delyiaccepted by most researchers, which has
seven logical layers [8]. Generally, the architeztaf VANETS is not same in all regions, and this t
protocols and required interfaces are different rgnthem. Figure 3 illustrates the protocol stack fo



dedicated short-range communication (DSRC) in timitdd States of America. DSRC is specifically
designed for motorized use and a correspondingfsatotocols and standards [9]. The government has
allotted 75MHz of frequency spectrum for DSRC comioation, from 5.850GHz to 5.925GHz.
Different protocols are considered to use at theéoua layers and services in OSI model. The IEEE
802.11p, an accepted revision to the IEEE 802.hhdstrd improves wireless access in vehicular
environments (WAVE) and is fixated primarily on tRelY layer and MAC sub layer of the stack. IEEE
1609 is a complex layer standard based on the EEEL1p. IEEE 1609 represents a complete standard
that functions in the middle layers to support safapplications in VANETSs, while non-safety
applications are supported through another setratbpols. IPv6, TCP and UDP [8, 9, 10] are stable
protocols that use the services of the networkrlapé transport layer for non-safety applications.

3. Primary VANET model and its statistical properties of connectivity
3.1.Road system model

A road system in VANET can be modelled as randomegsses which depend on few parameters
and reproduces some statistical features of thleroaa system such as road length, total number of
crossings, and total number of roads. In [11], so@e represented as geometric graph which aredte
set of random tessellation. We modelled a road riandom infinite straight lin€s(d, ©) as shown in
Figure 4, wheral is a perpendicular distance from the origin in @ertesian planéx, y) ando is the
angle of deviation with base or abscissa axisiaxis. Throughout this manuscript, we assumeddhbat
0 and0 < © < 2z. No priority is assigned to any roads. The singkan length of the chord that a line
intercept in a bounded sBtwith perimeterC and total are@ is given byé{s} = zA/C, wheree = G N
B. If n lines are selected as random then the mean suareafis given by{c} = nzA/C, whereS =

zinzoai . In a limit representation, assume tBét) denotes the whole cartesian plane amdn(t) — o

in such a way that,

Iimﬂ=1r, 1)
t-o C(t) 2

wheret denotes mean value of the total number of linesimgs in a unit length.
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Figure 3. Protocol stack of VANET architecture RBRC.

Figure 4. Road system model in VANETS.




3.2.Fading channel model

Nakagamim fading channel is employed in VANET architecturighvthe following distribution
and density.

r ,

F (x)=1- '“Corm;t(er:)n ) o
B mmxm—le—mx

Fe (X) = W 3

3.3.Probability of vehicle positions ath(0, r)

Let us take the position of vehicles gs}{on each road segmeat= G; N B. Here we considered
m number of vehicles uniformly distributed on th@dosegment with lengthand linear intensity of the
vehicles are denoted @as> 0. The vehicle arrival process is Poisson distrdoutand it is denoted as
Poi(14). Here we considered a convex Beis b(0, r) with areaA = zr® and perimeteC = 2ar. If ¢; is
fixed in one location then its distribution is alewariantwith respect to origin (0, 0). Then the vehicle
locations {,} is a Poisson process as shown in Figure 5, c&l@X process with the following mean

pOO, 1) = Ar) =u) .G nb(o,r))
nA( rC)
=WQL0) = CI, )
1 2
= E;||mA = Fr (4)

whereF = %/]l 177 . Thus the probability df vehicles located inside of0, r) is given by

P(0,1)= P{ (D" G nb(0,r))=K}

_ (B s
o ﬁ() (5)



Figure 5. Vehicle distribution based on origin@@and COX process.

4. Related Work

This section describes the various literaturearinast, multicast and broadcast routing protocols
in Vehicular ad hoc networks. In VANETS, wirelessranunication has been a key to the achievement of
numerous applications and services. However, dubdacharacteristics of VANETs such as dynamic
topology and intermittent and stateless connegfivihe prevailing routing algorithms in other
technologies are not suitable for most scenari®ddANETs. Thus, researchers have to think aboutwsiq
designs, so that the communication reliability benensured. Routing methods in VANETSs are divided
into three types depending on the number of seradetgeceivers in the network: unicast, multicast
broadcast approaches. Unicast is a one to onedatitinal communication where researchers investiga
it in three ways: (1) greedy: nodes forward thekp&s to their outermost neighbors towards the
destination; (2) opportunistic: nodes hire the w#oward technique in order to deliver data to the
destination opportunistically (3) trajectory baseddes analyse probable paths to the destinatidn an
send the data through nodes along one or moreoséthaths. Multicast is essential to communications
among a cluster of vehicles in some vehicular 8iina, such as roadblocks, high traffic density,
calamities, and dangerous road surface conditipn®8roadcast, sender forwards the message to all
neighbor nodes when he has to deliver the messagekhown or unspecified destinations. The types of
routing methods in VANET are shown in Figure 6.
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Figure 6. Types of routing methods in VANET.
4.1.Unicast routing protocols

This section presents the various unicast rouiiagocols in VANETs. The main goal of unicast
routing protocol in VANETS is to transmit data framsingle source to a single destination eithemgusi
multi-hop or carry-and-forward (delay tolerant)hiamues. In the multi-hop forwarding, the internsdi
nodes in a routing path should relay data as seqosasible from source to destination. Thus mup-h
technology enables a minimum end-to-end delayhdéncarry-and-forward technique, source node carries
data as long as possible to reduce the numbertafpdaekets. The delivery delay-time cost by cang-a
forward technique is normally slower than multi-hipansmission technique. Unicast routing protocols
are classified as minimum-delaguting protocol and delay boundeouting protocol. Minimum-delay
routing protocol has the intention to diminish thedivery delay- time from source to destinationldye
bounded routing protocol tries to maintain a loweleutilization of channel within the constrained
delivery delay-time. The existing unicast routirrgtpcols in VANETS are as follows.

4.1.1. Minimum-delay protocols in VANET

The goal of minimum-delay routing protocols igtansmit data packets to destination as soon as
possible. The packet transmission delay time ishigedeal and the shortest routing path is usually
agreed. Sometimes, the shortest routing path mapenthe fastest path with the minimum delay time i
VANETSs. The shortest routing path may originata ilow density area, packets cannot be transmitted b
the multi-hop forwarding since there is no neiglimgmode to forward packets. In this unfortunatseca
packets should be transported by carry-and forvgalgeme and the delay is increased if the multi-hop
forwarding cannot be fully employed. The variousimum-delay routing protocols are as follows.

4.1.1.1 GPSR: Greedy perimeter stateless routing

Karpet al. [12] proposed Greedy Perimeter Stateless Rou@RSR) as the first position based
routing protocol, which uses the locations of tlupdvehicles and the destination to make forwarding
decisions. GPS device is used to get position mébion about destination and the next hop for the
correct forwarding decision. It consists of two aggthes, a greedy forwarding strategy and a greedy
recovery strategy. Greedy forwarding strategy sdu® forward packets to nodes that are alwaysclos
to the destination i.garogress andadvance, while the greedy recovery strategy is used whengreedy
strategy fails to find neighbors’ node closer te ttestination. GPSR preserves location informaticerl
of its 1-hop neighbors. The advantage of GPSR igsigreater scalability in pre-router state thhe t



shortest path ad hoc routing protocol. Howeverafdéarge network, a simple greedy forwarding strateg
may not be adequate to select suitable nodes, @asionally selecting the node nearer to the dstim
may not be the optimal node due to urban conditibnaddition, this protocol does not take into@ott

of velocity and driving direction of vehicles wheelecting next hop closer to the destination. FEgur
illustrates the concept of greedy perimeter staseteuting protocol. Herb; andh, are elected as hop-

nodes to forward data packets.
’ Destination

Source

Figure 7. Hop-node selection based on greedy pazirstateless routing protocol.
4.1.1.2. GPCR: Greedy perimeter coordinator routing protocol

Lochertet al [13] proposed greedy perimeter coordinator routing (GP®Rch is a position-
based routing for VANETs. GPCR protocol is welltedi for highly dynamic environments like an
intermittent vehicle communication on the highway a city. GPCR navigates the junctions by a
constrained greedy forwarding procedure, and agljist routing path by the healing strategy which is
based on the topology of streets and junctionairEig§ shows that nodg tries to send packets to vehicle
D.. NodeH, is initially selected as first-hop and thiepis selected as the next hop. The next ordered path
is H. — Hq — H.. After nodeH, receives the packets,identifies that the destinatidd, is not located in
this route or way. So nodd, then re-routes the packetstlp — Hy — Hy. From nodeH;, the required
packets are received by destination nDdge



Figure 8. Routing technique and re-route establstirim GPCR.
4.1.1.3.GSR: Geographical source routing protocol

The main goal of geographical source routing protdGSR) [14] is to overcome the problems
of position-based routing methods designed for MAN&hen directly applied to VANETS in city
scenarios. GSR combines position-based routing gatigraphical information, maintained by city maps
to avoid the problem of stateless routing proto&shtic road map and location information are used
each node to find anchor points, along which packbbuld be forwarded to reach the destination. GSR
computes a route to a destination by forwardingsagss along different junctions. The advantage of
GSR is that it is able to deal well with the dynametwork topology and high mobility at both cityca
highway scenarios. Forwarding packets are complatairied out on the basis of greedy forwarding
strategy between two sequential junctions. The mapakness of GSR is the static junction selection
mechanism where the source node computes sequémnmectons which the packet must navigate to
reach to the destination. Dijkstra's algorithmsedito calculate the shortest path between thesa@und
the destination based on a distance metric. Yetshiortest path including junctions is not alwdesthest
path to the destination, since it does not delilgevehicular traffic density on the roads.

4.1.1.4VADD: Vehicle-assisted data delivery routing protool

Zhaoet al [15] developed a protocol called Data deliverytimay protocol (VADD). VADD
protocol implemented the concept of carry-and-fodva@r data delivery from a mobile node to a static
destination node. The important concern is to s@eoptimal forwarding path with the minimum paicke
delivery delay. To keep the low data transmissiefayl VADD protocol transmits packets through



wireless channels as much as possible. VADD protassumes that vehicles are furnished with pre-
loaded maps, which provide the complete live-infation such as traffic density and vehicle speed on
roads at different times of the day. Agreeing te thformation provided by maps, VADD protocol
proposed a delay model to estimate the data dgldelay in different roads as follows,
*
By = (1" %o yx e Oy
r

e"'* Ouv) % E(U -V)

(6)
Va-v

whered_.y is the total expected delay from source nfdand fixed destinatioB,. The communication
range of each vehicle is denotedr agraffic density betwee®, andD, is represented a%, .,). Constant

c is used to adjust packet forwarding delay. Euelidédistance betweef, andD, is denoted a&_.,).
Average vehicle velocity is denoted \4g_.,). Figure 9 illustrates that source vehiflgtries to forward a
packet to static destinatidh,. The possible junctions adg, J,, J; andJ,. VADD considersly, J, andJs

as forwarded junctions to reach the destinafiyn J, is rejected from the further selection process
because of its high vehicle density.

(u-v)

Figure 9. Identification of possible path in VADD.

4.1.1.5.Connectivity aware routing protocol

Static destination is a major limitation in theeyious method and it is changed in Connectivity-
aware protocol (CAR). This method is proposed byrNav et al [16]. CAR protocol launches a routing
path from source to destination by setting the angdoints at transitional junctions. CAR protocol
initially directs the searching packets to find tdestination. Each forwarding vehicle records its



identification, hop count, and average number dfmaors in searching packets. Once the searching
packets reach the destination node, the destinagtactts a routing path with the lowest deliveriage
time and replies it to the source node. While desion directs the reply packet to the source ntue,
junctions passed through by the reply packet aras¢he anchor points. After the path establisdath
packets are forwarded in a greedy method throughattthor points. The concept of CAR protocol is
shown in Figure 10.

Figure 10. Diagrammatic illustration of CAR protbco

4.1.1.6.Reliable routing for roadside to vehicle communicabns

Wanet al [17] proposed a reliable routing protocol for tieal environment. Wan suggested two
reliable routing strategies for roadside to vehi¢&2l) communication. The experiment of V2I
communication in the rural environment is the teryi factor. For example, a vehicle moving along the
rural highway sometimes loses the line of sight fl@ the neighbor vehicle or to access points JAPs
due to the obstacle-property produced by the cupads and mountains. In addition, almost no rediabl
communication infrastructure is available in ruemvironment. One solution is APs can connect with
multi-hop inter-vehicle communication. The lifetinodé the network link is a very important issue for
designing reliable routing. The link lifetime isrézasted by two conditions. Once the communicason
established, the link lifetime breaks if (1) LOSveen a pair of vehicles is lost, or (2) one vehitioves
out of the communication range of the neighboriabigle. A communication link established in a siort
distance typically has longer lifetime and thusatglity increases. The link lifetime is used teegict the
lifetime of the corresponding route. A route isriabted by a series of links. The lifetime of ateis the



least link lifetime in a route. Other than lifetinoé a routing path in this protocol, the length-bdad
maximum lifetime path is also considered. To bailtength-bounded maximum lifetime path, reducing
hops or intermittent nodes can increase the dglidetay-time. A routing path with fewer hops means
that the links are established in the long distatide a direct proposition that establishes aynrouting
path with longer lifetime and implies that the lémgf this routing path is also long. Figure 11 ghpws

the example of lifetime-bounded shortest path. @iteen line is a lifetime bounded current routinghpa
where the minimum link lifetime is to be 3. We hahown another candidate path route in red (Figure
11 (b)). We assumed the threshold value is 13 hadonnection that fulfils the threshold is shown i
red. Figure 11 (c) illustrates the example of mimimhop-count based maximum lifetime path. The blue
line is the routing path with minimum number of kdp AP (hops = 5).




Figure 11 (c). Minimum hop-count based maximuntilife path in reliable routing protocol.

4.1.2. Delay bounded routing protocols (D-Greedy and D-Miost) in VANET

Skordyliset al [18] suggested a delay-bounded routing protocMANETSs, which offers a delay
bounded routing that fulfils user-defined delayuiegments while at the same time preserves a lgel le
of communication channel consumption. The delaydlded routing protocol uses the concept of carry-
and-forward schemes that try to deliver data frahieles to an access point. He proposed two routing
algorithms, Delay-bounded Greedy Forwarding (D-@ygeand Delay-bounded Min-Cost Forwarding
(D-MinCost) to calculate traffic information andetbbounded delay-time to carefully opt between #ite d
muling (A data mule is a special vehicle that emr@ computer with storage between remote locat@mns
efficiently create a data communication link) andlticthop data forwarding strategies to decrease
communication overhead while satisfying the delastrictions enforced by the application. D-Greedy
algorithm implements only local information abouaffic to make an effective routing decision. D-
Greedy algorithm picks the shortest path to amiiee AP to form the map information, and then assig
the constrained delay-time to each street withenghortest path based on the length of differeptt.

In a best-case, if packets can be transported uhdeconstrained delay-time in a street, Data Mylin
strategy is applied. Otherwise, multi-hop forwardistrategy is adopted if packets cannot be delivere
within the constrained delay-time. D-MinCost algioni deliberates global traffic information in a
selected city to accomplish the minimum communaatihannel utilization within the constrained delay
time. According to the global traffic informatiotihe cost and delay of each street can be forecakted
cost denotes the total number of data transmissio@s selected street. The delay represents the tim
required to forward a data in a selected streetadfoeve this, DSA (Delay Scaling Algorithm) [19] i
applied to select the best routing path with mimmzhannel utilization under the constrained delayet

4.2 .Design challenges and future research directions umicast protocols of VANET

In this section, we have produced some designerfgds of existing unicast routing protocols.
Table 1 gives a detailed comparison of these saleptotocols. Early forwarding decision gets more
priority and it defines the routing decision of aofecol when there are data to be forwarded.
Unfortunately delay bounded routing protocol isfefiént from other unicast data delivery protocols,
where carry-and-forward is the major routing dexisio reserve the wireless communication channel.
Destination location method illustrates how a pecotaealizes the routing path and destination, Wwiice
categorized into two typespecific method and unified method. Specific method only indicates the
location of destination and the protocol discoverding path while the packet is forwarding. Thdfied
method unifies the path discovery process intoimigson finding process. In unified method, thetiog
path and location of destination are concurrentcavered. Generally, the unified method has less



routing setup time as well as rise of implementatiomplexity. All prevailing protocols adopt catapd-
forward method except delay-bounded routing prdtoBelay-bounded routing protocol implements
multi-hop forwarding to reduce the packet delivéime if the expected packet delivery time cannot
satisfy the user-defined delay. In this unicasttingu protocols, most were established in urbansarea
under the theory of high network density. Accordingrun-Wei Linet al. [27], some future perspectives
should consider the following:

» A future work is based on the design of minimumagtalnicast routing that may deal with low
network density. The impression of intense denstyability should be merged into the protocol
design.

* Another major challenge in protocol design in VANEIE about how to increase reliability of
minimum delay unicast routing protocols to concutlye reduce packet delivery time and the
number of packet losses.

» Carry-and-forward approach deals mainly with padedivery. So driver and his behavior should
be monitored regularly for designing delay-boundeitast routing protocols.

» Scalability is also an important factor of routipgptocol designing. The architecture of VANET
could be large enough in cities so that it may hange number of unicast routing requests. It
may create conflicts in routing requests when tagvark is working. The conflict of routing
requests between vehicles should take into atengspecially in the intersection point or

junction.
Protocols GPSR GPCR GSR VADD CAR Reliable routing  Delay
bounded

Early 1-hop Multihop Multihop Multihop Multihop Multihop Carry-
forwarding communication = communication = communication = communication = communication | communication = and-
decision Forward
Destination Specific method ~ Specific method  Specific method c8jgemethod = Unified method|  Unified method  Specific
location method
method
Map needed No No Yes Yes Yes No No
for data
transmission
Rural /| Urban Urban Urban Urban Urban Rural Urban
Urban

Table 1. Comparison of unicast protocols
4.3.Multicast routing protocols

Multicast and geocast routing are the most optedinng techniques in VANETs. One of the
design challenges is how to develop the efficiemiticast/geocast protocol over VANETs with the
highly dynamic network topology. According to theperty of geographic region, existing results ban
classified intasimple multicast/geocast protocol andspatiotemporary multicast/geocast routing protocols.
Simple multicast/geocast concentrates on set ohelbfvehicles and spatiotemporary multicast/geocast
balances between both time and space complexdsta delivery. The detailed discussion is as falow

4.3.1. IVG: Multicast protocol in ad hoc networks inter-vehicle geocast

Bachir et al. [19] proposed an ad hoc networks inter-vehiclecgst, called IVG protocol. It
follows the concept of simple multicast/geocast #redprimary concern of an IVG protocol is to nptif
all the vehicles on the way if any danger occutse dlanger area is determined in terms of driving
direction and current positioning of vehicles. \b$ located in the danger area form a clusteedall
multicast group. This group is formulated tempdyabiased on the location, speed, and driving divact
of vehicles. IVG protocol broadcasts periodic beacto overcome temporary network fragmentation
which is used in distributed robust geocast mutigmotocol for delivering messages to a set of bers



in a group. The re-broadcast period is considem@sedh on the maximum vehicle speed. Also, IVG
protocol reduces the total number of hops to delavenessage by using the accepting time. A vehicle
which has the farthest distance to source vehielésvior minimal accepting time to re-broadcasguire

13 illustrates the concept of danger area thasésl in IVG protocol.
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Figure 13. Danger area fragmentation (marked ragg¢d on IVG protocol.
4.3.2. DRG: Distributed Robust Geocast Multicast Routing FPotocol

Joshiet al. [20] proposed an efficient protocol that followpatiotemporary multicast/geocast
strategy for inter-vehicle communication. The gofamulticast routing protocol is to deliver datackats
to vehicles that are located in a specified stagon. The imposed condition is that, a vehicleusth
take packets if it is present in an intended gquyralocation. Otherwise the vehicle drops packehe
zone of relevance (ZOR) and zone of forwarding (X@Fe the two independent geographic regions
specified by this protocol. ZOR is a geographiciagegwhich identifies vehicles based on region of
relevance for receiving the packets. ZOF is anofjfeergraphical region which identifies vehicles loase
on region and can only forward the received pactetsther vehicles located in ZOR. It is worthy to
listen that, ZOF usually surrounds ZOR to ensureeff@ctive communication between inter-vehicles.
Figure 14 shows that the temporary network fragatén (ZOR and ZOF) happens in distributed robust
geocast and multicast routing protocol.



4.3.3. DBMR: Distant node based multicast routing protocol

Dibakar Chakraborty [21] proposed spatiotemporamylticast/geocast routing for VANETs
called distant node based multicast routing prdtaddch contains a thresholdto select the nodes for
receiving the multicast data packet. DBMR protosplits the whole task into three distinct phases
namely, neighbor-list collection, multicast growglextion and distant node selection. The updated on
hop neighbor collection is the duty of the neighlistrcollection phase. A set of neighbor-list mlected
by repeating the neighbor-list collection procegaia and again. The neighbor nodes share thikatest
for selection of distant nodes. In a sparse enwient, the neighbor-list collection is a criticabpess
and needs to be updated frequently. This can be Hgrusing periodic “hello” signals. After the list
ready, threshold is used to select multicast group. A threshadidtcomes a major concern to classify the
updated one-hop neighbors for receiving the mudtidata packet with respect to the current forwaydi
node. The multicast packet receiving nodes arecteeleon the basis of packet transmission time. The
“hello” messages comprise the timestamp beforeak been sent out to other nodes. The current
forwarding node receives “hello” messages from uplated one hop neighbors and calculates the
transmission time and averages two recent consectransmission times of all the one-hop neighbors
and then compares with a thresholfibr selection of data packet receiving neighbbrg. an example, if
noden is added to the multicast group of updated forwaydodeF, the following condition is satisfied.

Tn(i+1) + Te(i) > 2, for alln in the one-hop Neighbor-List &f @)
where,T,(i) is the computed transmission time for nod& thei™ time instant.

The distant node is selected based on severaltimmd If the multicast group is empty (Figure
15 (a)), then the source node doesn't forwardtiterabuffers the packet in message table and sathee
data packet. On the other hand if there is only pmanber in the multicast group then it will be
automatically selected as a distant node. It isvphim Figure 15 (b). At last, if multiple group f{es
Figure 15(c)) exists after receiving the multicdata packet, each and every node of the multicasipg
pledges two timers namely andT;. The timerT; is used to forecast the time instance of whertisiant
node selection procedure will start, after the ioa#tt data packets are received completely by daes
The timerT,; is used to select the re-multicast time. Themer is same for all the nodes on a group. Once
T; terminates the distant node selection procedansstThe multicast group selection is illustrabed
Figure 15 and the detailed view is shown in Table 2
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Figure 15. lllustration of various road conditiombkile selecting a multicasting group in DBMR.

Node | Updated neighbor{ Multicast Common Count of Required | Required
list group nodes common | action after | action after,
nodes Tiexpires | T; expires
S {h1, he, hy, he} {h 1, h} {h 1, h} #3 Not Not
applicable | applicable
hl {S, h, hs} - {hJ} #1 Re-multicast| Distant nodg
h4 {S, h, h} - {h} #1 Re-multicast| Distant nodge

Table 2. Multicast group selection in DBMR.

The DBMR protocol excellently chooses the multiGg®up by using threshold It effectively

reduces the flooding problem and is applicablesfeeirse connected VANETS. The major weakness is

periodic “hello” signals that are required for deabonnection between vehicle nodes.



4.4.Design challenges and future research directions imulticast protocols of VANET

Each of the protocols discussed above in thiserevihas its strong point and the complete
systematic comparison is shown in Table 3. Prengifirotocols consider the static multicast/geocast
region except distributed robust geocast multicasting protocol. Spatiotemporal property expresses
that both the time and location of a vehicle aw rtejor deciding factors whether the vehicle ndeds
receive packet or not. Existing protocols examihe single source multicast and geocast routing.
However, it is important to consider the multi-soeimulticast and geocast routing issues. Accortiing
Yun-Wei Lin et al. [27], some future perspectives should considefdtewing:

1. The multi-source multicast and geocast routingveseth to develop since the higher end-to-end
applications may require it.

2. Reliability should be reflected to design the nualit and geocast protocols. The
multicast/geocast message used in a protocol stheutilivered with high successful rate.

3. Multicast and geocast routing for delay supportggliaations are also considered. Delay
supported messages usually accept delay, whereortetbandwidth is generally kept for
emergency messages. It is worth to develop aniaffianulticast/geocast routing protocol for
delay supported applications with delay-constraand delay-tolerant capabilities with low
bandwidth utilization.

4. The protocol design of multicast and geocast rgushould consider scalability. VANET in an
urban environment is a possibly large-scale netwbilerefore, future works can be concentrated
on developing a multi-source multicast and geooaging protocol which cares applications of
multiple multicast and geocast sources in a VANET the next section, broadcast routing
protocol is considered.

Protocols IVG DRG DBMR
Early forwarding decision Multihop communication Mioop communication Hybrid (1-hop or Multihop)
communication

Destination location method Specific method Specifethod Specific method
Map needed for data No No No

transmission

Spatial relevant Yes Yes Yes
Spatiotemporary No Yes Yes

Mobility of destination No No Yes

Rural / Urban Urban Urban Urban

Table 3. Comparison of multicast protocols
4.5.Broadcast routing protocols
Broadcast is an important and last type of roufioga vehicle to disseminate a broadcast
message to all the others in a VANET. This sectmnews the existing broadcast routing protocols in
VANETS.
4.5.1. Broadcast Storm Problem in Ad Hoc Wireless Networks
Broadcasting protocol uses many-to-many radio comaoation and thus creates broadcast storm

problem. Tonguzt al. [22] shows that the broadcast storm problem sasseous packet collision and
packet loss in a VANET. Tonguet al. proposed three different broadcast defeat teclesigwveighteg-



persistence, slottedl- persistence, and slottgdpersistence. These three techniques follwaadcast
suppression method to reduce the total number of control me=ssalys per weightedp-persistence
scheme, if vehicl®/, gets a packet from vehiclg, vehicleV, first checks whether the same packet has
been already received. If vehidlg gets this packet at the first time, then vehigldas probabilityP,, to
re-broadcast the received packet. Otherwise, \&hgldrops this packet, with the probabilif,,

D
= (?"yj , WhereD,y is the distance between vehidlgandV,, Ris the transmission range. Neighbors of

vehicleV, change the probability valug, to 1 to confirm that the message must be broagdasthey
have not received the re-broadcast message afténgva random time. In the slotted 1-persistence
scheme, if vehiclé/, initially receives the packet from vehiclg, then vehiclev, delays forTS, time
slots, vehiclevy, has probability to chand®, to 1 to re-broadcast the packet, whe€sg = S, x 1, where

D D
7 is the broadcast time for one hop transmissionnd {Nts(l—%)J orH Nts(l—%)ﬂ, if Dy <

R; otherwiseS, = 0, whereN; is the default number time-slots. The slotpegersistence scheme is the
mixture of the weighteg-persistence and slotted 1-persistence schemehi€leV, initially receives the
packet fromV,, then vehicleV, delays forTS, time-slots. Vehiclev,, has probability valud,, to re-
broadcast the same packet. Figure 17 gives themgaohthese three different broadcast schemes.

Figure 17 (a). Slotted- per3|stence scheme in broadcast storm problem



Packet with high priority travels first
Figure 17 (b). Weightef - persistence scheme in broadcast storm problem.

Packet with high priority travels first
Figure 17 (c). Slotted - persistence scheme in broadcast storm problem.

4.5.2. DV-CAST: Broadcasting protocol in VANET

Tonguzet al. [23] suggested DV-CAST for a multi-hop broadcamstting protocol in VANETS
and has three traffic situations for a vehicularadcasting. They are (1) dense traffic situati@hsparse
traffic situation, and (3) regular traffic situatioTonguzet al. incorporated the proposed routing solution
in [22] to develop DV-CAST which is appropriate footh dense and sparse traffic situations, decrgasi
the broadcasting overhead. If a vehivleaccepts a new broadcast messagenitially checks whether
some vehicles exist behind. If so, thr@adcast suppression schemes proposed in [22] are implemented to
forward the broadcast message; otherwidorwards the broadcast message in the oppositetidineof
the traffic flow. After a random moment, re-checks that the broadcast message is succgssfull
transmitted if the direction df, is different from the source vehicle. Figure 1uéstrates the idea of DV-
CAST: broadcasting protocol. The source veh\énitiated a message and forwards from gréuo
groupC. Although group®\, B, andC are dense, groufs andC couldn’t connect directly and encounter



the temporary network fragmentation problem. Gréugannot directly forward packets to groGp In
this case, vehicl®/, can forward packets to grodpwhich is in the opposite direction, then vehivle
forwards packets to group. Note that, the temporary network fragmentatioobfgm is resolved in this
DV-CAST: broadcast protocol. The diagrammatic titaton is shown in Figure 18.

I -
-

-
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< Driving direction

Driving direction

Driving direction :>

Figure 18. Group\ is indirectly broadcasted a message to gi©ulyy using groug.

4.5.3. A Border Node Based Routing Protocol for PartiallyConnected Vehicular Ad Hoc
Networks

Mingliu Zhanget al. [24] offered a hybrid methodology called BorderdaoBased Routing
(BBR) for partially connected sparse VANET groupis.uses domain function where location and
mobility information is not available. The BBR poobl can bear network partition due to low node
density and high node mobility. The main idea ofRBBBrotocol is epidemic routing, but it reduces
flooding of packets by introducing two individuainfctional units: a neighbor discovery algorithmd an
border node selection algorithm. The BBR neighb@talery algorithm is the same as neighbor
discovery protocol (NDP) suggested in the Zone RguProtocol (ZRP) [25]. Periodic beacon messages
are used to advertise the existence of source ndthesbenefit of using a network layer based NDP is
that, all routing functions are accomplished in tletwork layer, without thoughtfulness of the sfieci
MAC layer technology used. In the BBR protocol, der nodes are selected based on broadcast
messages. A border node is a node which has the adusaving received broadcast messages and
forwarding the messages when applicable. For afsebdes that receives the same broadcast message,
only those nodes selected as border nodes wilhréta received message and rebroadcast it latenwh
those nodes meet new neighbor nodes. The BBR miotmiopts a distributed border node selection
algorithm. The choice of whether a node is a borsbgle or not is made discretely by an individuadeno
based on its one-hop neighbor information and ¢eeived broadcast information. Border node selectio
based on least common neighbors uses the ideadtas at the edge of transmission range should have



less common neighbor nodes with the broadcast saunde, when compared to those nodes that are
nearer to the source node.

Figure 19. A typical node broadcast process in BB&Rocol.

As specified in Figure 19, a circle delimits thelicatransmission rangeR) of the node located at the
center of the circle. For example, assume n®@s a broadcast source or a source node. Nodbs at t
edge of the radio transmission range such as Rodad C when compared to nodes adjacent to the
broadcast source node such as naddB andD have less common neighbors with n@&l&election of
nodes such aB or C or both as the border nodes for further broadisaappropriate that this selection
results in maximum range and speedy informatiorp@gation while saving bandwidth by reducing
unnecessary rebroadcasts. Hop nodes are seleciwedsfined rules and BBR algorithm says that every
node has three tables or buffer memory: a neighddde, a border node selection table and a forward
table. The neighbor table is used to store thentemee hop neighbor node information. The bordeteno
selection table is used for border node selectrmegss. The third one is a forward table for burfgr
data packets required for future forwarding. Arseunode that creates a data packet is selectad as
border node. A node that broadcasts or rebroadaatdta packet will use a specific field calledrimon
neighbor #’ which has a list of its current neighbors attatthEhe ‘tommon neighbor #” field is set to be

the number of the common neighbors between thecunode and the previous node that broadcasts the
data packet. If a node is a source node, thencrartion neighbor #” field is set to zero. Each packet has
its unique packet ID, made by the originating notlee packet ID remains the same as packets move
from source to destination. Predefined rules of BBgorithm can be discussed in three different €ase
First case is that, when a source node has a packatward and there is no available neighbosaites

the packet in the forward table and broadcastgetr when there are neighbors in its raRgé a source
node has one node in the neighbor list then nodsardde selection will be carried out and it isoader
node which is the second case. Third case is ifhiiite source node has more than one neighbor nodes



within its radio transmission range, then the neayhnodes initiate two timers, an access delayrtime
Toway and a maximum delay timeF.. The timer Ty, iS used to choose when a node wants to
rebroadcast the packet if it has to do so. Thertifg is used to choose when a node should initiate the
border node selection process. The valu&f, andT.x can be calculated as follows.

Taelay = (I-1)*At 8
Trax = @ N*At (9)

wherei is the position of the neighbor node on the neigHist. The variablen is the total number of
neighbors on the neighbor list. The parameteis the probable transmission delay for sending one
packet, which can be estimated by length of patkiata transmission speed. The parameter>1) is
used to increase the timer value to make sureathatle receives all the rebroadcast packets thyht ioe
coming from the neighbors of the former forwardmgde. DuringT. €ach node in the group chooses
either to rebroadcast or not when T, expires. The final decision is prepared dependimgvhether

all its recent one hop neighbors received the lmastdpacket information or not. During the enfifg,
interval, each node will listen the radio commutimma continuously. Rebroadcast packets from its
neighbors will also be saved provisionally for thee of the border node selection procedure. Wihgn
terminates, a node checks whether it is the nodb thie least common neighbor number with the
previous broadcast source based on all packetseelcand recorded in its border node selectioretabl

it is, it will select itself as a border node. Qthise it is not a border node. As a node can ooliect
packets from the source node and from its commdghbers that correspond to a source node, the least
common neighbor comparison is carried out betwesgifiand its common neighbors with the source
node.

4.6.Design challenges and future research directions ioroadcast protocols of VANET

The surveyed protocols explore how to provide ffinient broadcast routing technique. Each of
the protocols listed above in this survey has dtgaatage point and the detailed critical compariison
shown in Table 4. Prevailing broadcast routing geots are used for safety applications to transmit
emergency messages; however, there are still sammd@od applications which need an efficient
broadcast routing protocol, such as public inforomt advertisements and navigation information.
According to Yun-Wei Liret al. [27], the future works should consider the follogi

1. An imaginable future work is how to design an éffit broadcast routing protocol for comfort
applications with delay-constraint and delay-taitreapabilities and low bandwidth utilization.
Comfort messages are usually not so urgent, sanitbe distributed under a constrained delay
time. Also, bandwidth must be reserved for urgemd @afety applications, so an efficient
broadcast routing protocol for comfort applicatieh®uld preserve low bandwidth consumption.

2. Broadcast routing protocols for comfort applicai@hould be able to integrate multiple partial
comfort messages into a single and complete message mass information cannot be fully
delivered at once under low bandwidth consumption.

3. A main challenge in broadcast protocol design iw ho cultivate reliable broadcast routing
protocols for comfort applications to ensure thataldcast messages are successfully distributed
to all the other vehicles in a VANET.

4. The broadcast message should be able to be distlihunder low network density or sparse
networking conditions. The network density is usuatinimum in off-peak hour; however, the
broadcast message is still unavoidably distribtiweall vehicles in a network.

Hence, the idea of how to design a consistent loasdouting protocol for comfort applications with
delay-tolerant ability and low bandwidth consumptigill possibly be the future works in VANETS.



Protocols Broadcast storm DV-CAST BBR
Early forwarding decision Broadcast communication rodslcast communication Hybrid (1-hop or Multihop)
communication

Fragmentation solution Probability based re-broatica Reverse traffic flow Least common neighbor based
broadcast

Map needed for data No No No

transmission

Spatial relevant Yes Yes Yes

Mobility of destination Yes Yes Yes

Rural / Urban Urban Urban Urban

Table 4. Comparison of broadcast protocols

5. Conclusion

Unicast, multicast, and broadcast routing protoare key concerns in the network layer for
VANETs. This work surveys current unicast, multicasnd broadcast protocols for VANETs. The
unicast routing protocols are divided into minimdeiay and delay-bound approaches. The minimum-
delay unicast routing protocols build a minimumeagetouting path as soon as possible. The delaysoun
routing protocol consumes the carry-and-forwardhmégue to diminish the channel utilization within a
constrained delay time. This work also reviews ingat multicast and geocast protocols for VANETS.
The multicast in VANETSs is defined by distributingulticast packets from a mobile vehicle to all
multicast-member vehicles. The geocast in VANETdédfined by distributing geocast packets from a
source vehicle to vehiclesvZV communication) located in a specific geographic region. Finally,
broadcast protocols in VANETs are also presented.éatimate the tendency of the design of routing
protocols for VANETs with low communication overlikdow delivery delay, and high adjustability for
both rural and urban environments.
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