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Vehicular Ad hoc Network (VANET), a subclass of mobile ad hoc networks (MANETS), is a promis-
ing approach for the intelligent transportation system (ITS). The design of routing protocols in VANETS
is important and necessary issue for support the smart ITS. The key difference of VANET and MANET
is the special mobility pattern and rapidly changeable topology. It is not effectively applied the existing
routing protocols of MANETs into VANETS. In this investigation, we mainly survey new routing results
in VANET. We introduce unicast protocol, multicast protocol, geocast protocol, mobicast protocol, and
broadcast protocol. It is observed that carry-and-forward is the new and key consideration for designing all
routing protocolsin VANETSs. With the consideration of multi-hop forwarding and carry-and-forward tech-
niques, min-delay and delay-bounded routing protocols for VANETSs are discussed in VANETS. Besides,
the temporary network fragmentation problem and the broadcast storm problem are further considered for
designing routing protocols in VANETS. The temporary network fragmentation problem caused by rapidly
changeable topology influence on the performance of data transmissions. The broadcast storm problem
serioudly affects the successful rate of message delivery in VANETS. The key challenge is to overcome
these problems to provide routing protocols with the low communication delay, the low communication
overhead, and the low time complexity. The challenges and perspectives of routing protocols for VANETSs
arefinally discussed.
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1. INTRODUCTION

The growth of the increased number of vehicles are equipped with wireless transceivers
to communicate with other vehiclesto form aspecial class of wireless networks, known as
vehicular ad hoc networks or VANETSs [1]. To enhance the safety of drivers and provide
the comfortable driving environment, messages for different purposes need to be sent to
vehiclesthrough the inter-vehicle communications. Unicast routing is afundamental oper-
ation for vehicle to construct a source-to-destination routing in a VANET as shown in Fig.
1(a). Multicast is defined by delivering multicast packetsfrom asingle source vehicleto all
multicast members by multi-hop communication. Geocast routing is to deliver a geocast
packet to a specific geographic region. Vehicles located in this specific geographic region
should receive and forward the geocast packet; otherwise, the packet is dropped as shown
inFig. 1 (b). Broadcast protocol is utilized for a source vehicle sends broadcast message
to all other vehiclesin the network as shown in Fig. 1(c).

Many results [2][3][4] on MANETSs have been proposed for unicast, multicast and geo-
cast, and broadcast protocols. However, VANETs arefundamentally different to MANETS,
such as the special mobility pattern and rapid changed topology. This key differenti-
ation causes the existing routing protocol on MANETS can not be directly applied to
VANETSs. In this investigation, the recent new results for VANET routing mechanism
are first surveyed. Fig. 2 shows that the survey is structured into three broad categories;
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unicast [5][6][7][8][9][10][11][12], multicast and geocast [13][14][15], and broadcast ap-
proaches[16][17][18]. The key ideas of representative technologies in each category are
described.

The remainder of this paper is organized as follows. Section 2 reviews unicast routing
protocols in VANETS. Section 3 introduces multicast and geocast routing protocols in
VANETS. Section 4 describes broadcast routing protocolsin VANETS. Section 5 concludes
this paper and gives some possible future perspectives for VANETS.

2. UNICAST ROUTING PROTOCOL

This section introduces the unicast routing protocolsin VANETs. The main goal of uni-
cast routing in VANETSs is to transmit data from a single source to a single destination via
wireless multi-hop transmission or carry-and-forward techniques. In the wireless multi-
hop transmission technique, or called as multi-hop forwarding, the intermediate vehicles
in arouting path should relay data as soon as possible from source to destination. In the
carry-and-forward technique, source vehicle carries data as long as possible to reduce the
number of data packets. The delivery delay-time cost by carry-and-forward technique is
normally longer than wireless multi-hop transmission technique. Two categories of rout-
ing protocol designing are classified, min-delay routing protocol and delay-bounded rout-
ing protocol. Min-delay routing protocol aims to minimize the delivery delay-time from
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Fig. 3. (a) Geographic routing protocol and (b) VADD routing protocol

source to destination. Delay-bounded routing protocol attempts to maintain a low level
of channel utilization within the constrained delivery delay-time. This section describes
existing unicast routing protocolsin VANETS as follows.

2.1 Min-Delay Routing Protocol

The goa of min-delay routing protocolsis to transmit data packets to destination as soon
as possible. The transmission delay time is the major concern and the shortest routing
path is usually adopted. However, the shortest routing path may be not the quickest path
with the minimum delay time in VANETSs. The shortest routing path may be found in a
low density area, packets can not transmit by the multi-hop forwarding since that there is
no neighboring vehicle can forward packets. Packets should be delivered by carry-and-
forward scheme. The delay timeis greatly growing if the multi-hop forwarding can not be
utilized. Efforts will be made as finding a routing path with multi-hop forwarding. The
min-delay routing protocols [5][6][7][8][9][10][11] are reviewed as follows.

2.1.1 Greedy Perimeter Coordinator Routing Protocol

Lochert et al. [5] proposed GPCR (greedy perimeter coordinator routing) which is a
position-based routing for urban environment. GPCR protocol isvery well suited for highly

dynamic environments such as inter-vehicle communication on the highway or city. GPCR

traverses the junctions by arestricted greedy forwarding procedure, and adjusts the routing

path by the repair strategy which is based on the topology of streets and junctions. Fig.

3(a) showsthat vehicle V,, triesto send packetsto vehicle V. Vehicle 1a is selected asthe
next hop of V,, if greedy forwarding schemeis used. After vehicle 1a received the packets,

vehicle 1a detects destination V' is not located at north. Vehicle 1a then moves packets
backward vehicle 2a, then the packet is forwarded to V.

2.1.2 VADD: Vehicle-Assisted Data Delivery Routing Protocol

Data delivery routing protocol is developed by Zhao et al. [6], called as VADD. VADD
protocol adopted theidea of carry-and-forwardfor datadelivery from amoving vehicleto a
static destination. The most important issue isto select aforwarding path with the smallest
packet delivery delay. To keep the low data transmission delay, VADD protocol transmits
packets through wireless channels as much as possible, and if the packet has to be carried
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Fig. 4 (&) CAR isan anchor-based routing protocol and (b) DIR protocol sets fewer anchors
than CAR protocol

through roads, the road with higher speed is chosen firstly. VADD protocol assumes that
vehicles are equipped with pre-loaded digital maps, which provide street-level map and
traffic statistics such as traffic density and vehicle speed on roads at different times of the
day. According to the information provided by digital maps, VADD protocol proposed a
delay model to estimate the data delivery delay in different roads as follows,

dij _ (1 _ e—Rxp,;J ) > lz]]: c 4 e—Rxp,;J % Tl;T_]j’
where d;; is the expected packet forwarding delay from intersection I; to intersection I,
R is the communication range of vehicle, ¢ is a constant used to adjust expected packet
forwarding delay to a more reasonable value, r;; is the road from intersection I; to inter-
section 1, p;; isthevehicledensity onr;;, [;; isthe Euclidean distance of r;;, and v;; isthe
average vehicle velocity on r;;. With the delay model, VADD protocol estimates the best
road with the lowest datadelivery delay based on the current kept traffic patterns. Fig. 3(b)
illustrates that vehicle V4 tries to send packets to the coffee shop, while the coffee shop is
at the fixed location. Intersections I, I, I., and I, are considered as the candidate inter-
mediate intersections. After evaluating the expected forwarding delay, intersections I ,, 1.,
and I; are chosen. Thisis because that the density of vehicleis high between intersections
1., I, and 14, dthough it is not the shortest path.

2.1.3 Connectivity-aware Routing Protocol

To overcomethelimitation of the static destination, Naumov et al. [7] proposed Connectivity-
Aware Routing (CAR) protocol. CAR protocol establishes a routing path from source to
destination by setting the anchor points at intermediate junctions. CAR protocol sends
the searching packets to find the destination. Each forwarding vehicle recordsits ID, hop
count, and average number of neighborsin searching packets. Once the searching packets
reach the destination, the destination chooses arouting path with the minimum delivery de-
lay time and repliesit to the source. While destination sends the reply packet to the source,
the junctions passed through by the reply packet are set as the anchor point. After the path
set up, data packets are forwarded in a greedy method toward the destination through the
set of anchor points. Fig. 4(a) gives that vehicle Vg tries to send data to vehicle Vp, the
anchor pointsareset at 11 1, 2.1, 12 2, I3 2, and I3 4. Datais forwarded according to order
in the list of anchor points.
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Fig. 5. ROMSGP routing protocol

2.1.4 DIR: Diagonal-Intersection-Based Routing Protocol

To improve the CAR protocol, Chen et al. [8] developed a diagonal-intersection-based
routing (DIR) protocol. The key difference of CAR and DIR protocolsis that DIR pro-
tocol [8] constructs a series of diagonal intersections between the source and destination
vehicles. The DIR protocol is a geographic routing protocol. Based on the geographic
routing protocol, source vehicle geographically forwards the data packet toward the first
diagonal intersection, the second diagonal intersection, and so on, until the last diagonal
intersection, and finally geographically reaches to the destination vehicle. For given a pair
of neighboring diagonal intersections, two or more digjoint sub-paths exist between them.
The novel property of DIR protocol isthe auto-adjustability, while the auto-adjustability is
achieved that one sub-path with low data packet delay, between two neighboring diagonal
intersections, is dynamically selected to forward data packets. To reduce the data packet
delay, the route is automatically re-routed by the selected sub-path with lowest delay. Fig.
4(b) showsthat DIR protocol constructsa series of diagonal intersections between vehicles
Vs and Vp. Observe that, DIR protocol may set the fewer number of anchors than CAR
protocol [7]. DIR protocol can automatically adjust routing path for keeping the lower
packet delay, compared to CAR protocol [7].

2.1.5 ROM SGP Routing Protocol

To improve the routing reliability, Taleb et al. [9] proposed ROM SGP (Receive on Most
Stable Group-Path) routing protocol in a city environment. Taleb et al. indicate that an
unstable routing usually occurred due to the loss of connectivity if one vehicle moves out
of the transmission range of a neighboring vehicle. In ROMSGP protocol, all vehicles are
split into four groups based on the velocity vector. A routing is said as a stable routing if
the two vehicles are categorized in the same group; otherwise, the routing is an unstable
routing. A vehicle belongsto a group if the velocity vector has the maximum projection
vector with this group. Fig. 5illustrates the ROM SGP routing protocol. Two routing paths
are established, {VaVg, VeVp} and {VaVe, VeVp}. If Vi, Vi, Ve, and Vp belong
to the same group, the two routing paths are both stable. Packet is delivered via {V 4V,
VeVp}or{V4Ve, VeVp}. If Vi turnsinto another road, the projection vector is changed.
Vi belongs to the other group. Then the routing path {V 4V, VoV } isthe only choice.

2.1.6 RédiableRouting for Roadside to Vehicle Communications

In contrast with routing results developed in the highway or the city environments, it is
very interest that Wan et al. [11] specially proposed areliable routing protocol in therural
environment. Wan et al. [11] proposed two reliable routing strategies for roadside to vehi-
cle (R2V) communication. The challenge of R2V communicationin the rural environment
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Fig. 6 Two routing strategies: (@) lifetime-bounded shortest path and (b) Iength-bounded
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is the terrain factor. For instance, a vehicle moving along the rural highway occasion-
aly loses the line of sight (LOS) to the neighbor vehicle or to access points (APs) due to
the obstacle-property caused by the curve roadway and mountains. In addition, almost no
fixed communication infrastructure is available. Multi-hop inter-vehicle communication
connecting to AP is the main solution of the R2V communication. The link lifetime is
very important issue for designing the reliable routing. The link lifetime is predicted by
two conditions. Once the communication is established, the link lifetime halts if (1) LOS
between apair of vehiclesislost, or (2) one vehicle moves out of the communication range
of the neighboring vehicle. A link established in a shorter distance usually has longer link
lifetime. Thelink lifetime is used to predict the lifetime of aroute. A routeis constructed
by a series of links. The lifetime of a route is the minimum link lifetime in aroute. Long
lifetime of arouteimprovestherouting reliability if considered the lifetime-bounded short-
est path. In addition to the lifetime of arouting path, thelength-bounded maximum lifetime
path is considered. To construct a length-bounded maximum lifetime path, reducing hops
can improve the delivery delay-time. A routing path with fewer hops means the links are
established in the long distance. Establishing a routing path with longer lifetime implies
that the length of this routing path islong. Fig. 6(a) illustrates the example of lifetime-
bounded shortest path. The dotted lineis current routing path and the link lifetime is going
to end, where the minimum link lifetimeis 9. The solid line is the candidate path. The
link lifetime of solid line is greater than the threshold (=16). The routing path changes to
solid line by AP assignment. Fig. 6(b) illustrates the example of length-bounded maximum
lifetime path. The dotted lineis the routing path with minimum hopsto AP (hops=4). The
solid lineis the selected path (hops=5).

217 GVGrid: A QoS Routing Protocol

To improve delivery delay-time and routing reliability, Sun et al. proposed GV Grid proto-
col [10] which is a QoS routing protocol for VANETSs. GV Grid constructs a routing path
from source to destination by grid-based approach, which divides the map into several
grids. The RREQ and RREP packets are delivered through different grid to find a routing
path through minimum number of grid. A grid is chosen based on the direction and the
distance between vehicle and intersection and is selected as next grid if the direction of
gridisthe same as current grid or the grid is closed to the intersection. Then the intermedi-
ate grids between source and destination are recorded in the routing table. An appropriate
vehicle which has the fewest number of disconnections in each grid is chosen to forward
packets to next grid. A formula of evaluating the expected number of disconnectionsis
derived in [10]. The routing table records in terms of the source vehicle, destined grid,
an appropriate vehicle as next hop with minimum the expected number of disconnections,
a vehicle as previous hop, and the grid sequence. Once the routing path is broken, GV-
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Fig. 7. (@) An example of GV Grid routing protocol and (b) routing tables on vehicle V4 and Vp

Grid just finds another vehicle in the grid instead of the previous vehicle. The routing path
dose not require finding again. Fig. 7(a) shows that vehicle Vg floods RREQ message to
find vehicle Vp and vehicle Vp replies RREP messageto V. Fig. 7(b) demonstrates that
not only the grid sequence but also the information of the next vehicle are recorded in the
routing table.

2.2 Delay-Bounded Routing Protocol

Skordylis et al. [12] proposed a delay-bounded routing protocol in VANETS, which pro-
vides arouting scheme that satisfy user-defined delay requirements while at the same time
maintaining alow level of channel utilization. The delay-bounded routing protocol [12] fo-
cuses on the devel opment of carry-and-forward schemes that attempts to deliver datafrom
vehicles to static infrastructure access point in an urban environment. Two routing algo-
rithms, D-Greedy (Delay-bounded Greedy Forwarding) and D-MinCost (Delay-bounded
Min-Cost Forwarding), evaluate traffic information and the bounded delay-time to care-
fully opt between the Data Muling and Multihop Forwarding strategies to minimize com-
munication overhead while satisfying with the delay constraints imposed by the applica
tion. D-Greedy algorithm adopts only local traffic information to make routing decisions.
D-Greedy algorithm chooses the shortest path to destined AP form the map information,
and then all ocates the constrained del ay-timeto each street within the shortest path accord-
ing to the length of streets. If packets can be delivered under the constrained delay-timein
a street, Data Muling strategy is utilized. Packets are carried by a vehicle and forwarded
at the vehicle's speed to destined AP. Otherwise, Multihop Forwarding strategy is applied
if packets cannot be delivered within the constrained delay-time. Packets are delivered by
multi-hop forwarding. D-MinCost algorithm considers the global traffic informationin a
city to achievethe minimum channel utilization within the constrained delay-time. Accord-
ing to the global traffic information, the cost and delay of each street can be pre-computed.
The cost represents the number of message transmissionsin a street. The delay denotesthe
time required to forward a message in a street. To achieve the minimum cost within the
constrained delay, DSA (Delay Scaling Algorithm) [19] is applied to select the best rout-
ing path with minimum channel utilization under the constrained delay-time. Fig. 8 shows
that Data Muling strategy is applied if the packet can be delivered form V4 to AP within
the constrained delay-time. Otherwise, the packet is delivered by Multihop Forwarding
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strategy.

2.3 Challenges and Future Per spectives

Inthis section, we have reviewed existing unicast routing protocols. Table 1 givesadetailed
comparison of these protocols. Prior forwarding method describesthefirst routing decision
of aprotocol when there are packets to be forwarded. Observe that, delay-bounded routing
protocol is different from other protocols, which carry-and-forward is the first considered
routing decision to reservethe wireless mediaresource. Destination location method shows
how a protocol discovers the routing path and destination, which are categorized into two
types, specialized method and integrated method. Specialized method only indicates the
destination location and the routing path is discovered while the packet is forwarding. The
integrated method integrates the path discovery process into destination finding process.
The routing path and destination location are simultaneously discovered. Generaly, the
integrated method has |ess routing setup time as well asincrement of implementation com-
plexity. Forwarding strategy isusually in greedy or optimum fashion, which expresseswhat
information is considered when a protocol establishes the routing path. Greedy forwarding
only considers the local information to make the routing decision. Optimum forwarding
considers the entire information in a network to choose the best routing path. Normally,
optimum forwarding has better performance; however, lots overheads are required. Re-
covery strategy describes route recovery strategy if the routing path is failed. All existing
protocols adopt carry-and-forward method except delay-bounded routing protocol. Delay-
bounded routing protocol adopts multi-hop forwarding to reducethe packet delivery timeif
the expected packet delivery time cannot satisfy the user-defined delay. Path maintenance
shows that a protocol maintains the routing path in passive or active fashion. The passive
path maintenanceis performed only when arouting path is expired. The active path main-
tenance is performed if a routing path is inefficient. To actively maintain a routing path,
the redlistic traffic flow information is usually necessary to update the routing path. Most
of protocols were developed in urban areas under the assumption of high network density.
Therefore, some future perspectives should include the following:

1. A possible future work is how to design min-delay unicast routing approaching un-
der low network density. The impact of intense density variability should be incor-
porated into the protocol design.

2. A mgor challenge in protocol design in VANETS is how to improve reliability of
min-delay unicast routing protocols to simultaneously reduce delivery delay time
and the number of packet retransmissions.



Table 1. Comparison of unicast routing protocols

Reliable Delay-
Protocols GPCR VADD CAR DIR ROMSGP  Routing GVGRID  Bound
Prior wireless wireless wireless wireless wireless wireless wireless carry-and
forwarding  multi-hop  multi-hop  multi-hop  multi-hop  multi-hop  multi-hop  multi-hop  -forward
method forwarding forwarding forwarding forwarding forwarding forwarding forwarding
Destination
Iocaﬂ og specialized specialized integrated  integrated  specialized integrated  integrated  specialized
methol
Forwarding  greedy optimum  greedy greedy greedy optimum  greedy greedy
Strategy forwarding forwarding forwarding forwarding forwarding forwarding forwarding forwarding
Recovery carry-and  carry-and  recompute recompute carry-and  carry-and  carry-and  multi-hop
strategy -forward -forward anchors anchors -forward -forward -forward forwarding
Path main-  passive active active active passive active passive passive
tenance
Digital map  no yes yes yes no no yes no
needed
Redlistic no yes yes yes yes yes yes no
traffic flow
Scenario urban urban urban urban urban rural area  urban urban

3. Driver behavior should be considered for designing of delay-bounded unicast routing
protocols since carry-and-forward method is the mainly approach to deliver packets.

4. To design a routing protocol in acity, the interference by tall buildings along roads
should be considered. A robustness routing protocol against interference is appro-
priate developed in a city environment.

5. Scalahility is also an important factor of routing protocol designing. The VANETS
could be a large and metropolitan-scale networks. Protocols should consider that
many unicast routing requests are operating simultaneously. The conflict of routing
reguests between vehicles should take into consideration, especially in the intersec-
tion.

Consequently, how to utilize the driver behavior, along with consideration of density
variability and unreliable transmission, will possibly be the next challengein the design of
min-delay and delay-bounded unicast routing protocols. In the next section, the different
category of routing protocols, multicast and geocast routing protocols, are discussed.

3. MULTICAST AND GEOCAST ROUTING PROTOCOL

Multicast and geocast routing are the other important routing operations in VANETS.
One of the challenges is how to develop the efficient multicast and geocast protocol over
VANETs with the highly changeable topology. Some results [13][14][15] have recently
investigated the multicast and geocast protocols in a VANET. According to the property
of geographic region, existing results can be classified into multicast/geocast protocol and
spatiotemporary multicast/geocast routing protocols. This section reviews the existing re-
sultsfor VANETs asfollows.

3.1 Distributed Robust Geocast Multicast Routing Protocol

Joshi et al. [13] had proposed a distributed robust geocast protocol for inter-vehicle com-
munication. The goal of distributed robust geocast multicast routing protocol isto deliver
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Fig. 9. (a) DRG multicast routing protocol and (b) VG multicast protocol

packets to vehicles located in a specific static geographic region. A vehicle should receive
packets or drop only depended on its current location. If avehicleislocated withinthis spe-
cific geographic region, this vehicle receives packets. Otherwise this vehicle drops packets.
The zone of relevance (ZOR) is defined in [13] as a geographic region which vehicles in
this region should receive the geocast messages. To enhance the reliability of receiving
geocast messages under frequently changeable topology, the zone of forwarding (ZOF) is
defined in [13] as the geographic region which vehicles in this region should forward the
geocast messages to other vehiclesinthe ZOR. Noticethat, ZOF usually surroundsZOR to
ensure the geocast messages can be delivered to vehiclesinside ZOR. A periodic retrans-
mission mechanism is proposed in [13] to overcome the network fragmentation. Fig. 9(a)
shows that the temporary network fragmentation problem is overcame with the assistance
of vehicles of ZOF, for instance, Vg and V.

3.2 Multicast Protocol in Ad Hoc Networ ks I nter-Vehicle Geocast

Bachir et al. [14] proposed a multicast protocol in ad hoc networks inter-vehicle geo-
cast, called IVG protocol [14]. The IVG protocol is used to inform all the vehiclesin a
highway if any danger is occurred; such as an accident. Therisk areais determined in
terms of driving direction and positioning of vehicles. Vehicles located in the risk area
form a multicast group. The multicast group is defined temporarily and dynamically by
the location, speed, and driving direction of vehicles. 1VG protocol uses periodic broad-
casts to overcome temporary network fragmentation for delivering messages to multicast
members. The re-broadcast period is cal culated based on the maximum vehicle speed. Be-
sides, VG protocol reduces the hops of delivering message by using the deferring time.
A vehicle which has the farthest distance to source vehicle waits for less deferring time
to re-broadcast. Fig. 9(b) shows an example for the IVG protocol. Vehicle V4 encoun-
ters car-function-failure problem and sends this notification to all vehiclesin the risk area.
Vehicles Vg, Vi, and Vp form a multicast group since they are located in the risk area.
Vehicle V¢ isthe next hop of V4 since the V¢ is farther from V4 than V. After vehicle
Ve sending out packets, vehicle Vg not forwards packet.

3.3 Spatiotemporary Multicast/Geocast Routing Protocol

The spatiotemporary multicast/geocast routing protocol is a new and very interest routing
problem. Unlike ordinary multicast and geocast routing protocols, the spatiotemporary
multicast and geocast routing protocol should take the time factor into account. The dis-
tinctive feature of this new form of spatiotemporary multicast and geocast routing protocol
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isthe delivery of information to all nodes that happen to be in a prescribed region of space
at aparticular pointin time. Chen et al. [15] present a” spatiotemporary multicast”, called
a”mobicast”, protocol for supporting applications which require spatiotemporary coordi-
nation in VANETS. The spatiotemporary character of a mobicast is to forward a mobicast
message to vehicles located in some geographic zone at time ¢, where the geographic zone
is denoted as zone of relevance (ZOR;). Vehicles located in ZOR; at the time ¢ should re-
ceive the mobicast message. Many interesting and useful applications on VANETS can be
supported by mobicast routing protocol, such as emergency event, online game, and video
advertisement.

To ensure the mobicast message can be sent to al vehicles in ZOR,, vehicles located
in ZOR; at the time ¢t must keep the connectivity to maintain the real-time data commu-
nication between all vehicles in ZOR;. The connectivity of ZOR; is lost if any vehicle
in ZOR, suddenly accelerates or decelerates its velocity. The temporary network frag-
mentation problem is occurred such that vehicle in ZOR; cannot successfully receive the
mobicast messages. To solve the problem, Chen et al. proposed a hew mobicast protocol
[15] to successfully disseminate mobicast messages to all vehicles in ZOR; via a spe-
cia geographic zone, called as zone of forwarding (ZOF ;). ZOF, indicates which vehicle
should forward the mobicast message to other vehicles located in the ZOR ;. All vehicles
in ZOF, must forward the received mobicast message; even those vehicles are not located
in ZOR;. Normally, the size of ZOF; may be larger or smaller than the optimal size of
ZOF,. If the size of ZOF; islarger than the optimal size of ZOF;, some irrelevant vehicles
are asked to uselessly forward the mobicast message. |If the size of ZOF, is smaller than
the optimal size of ZOF,, the temporary network fragmentation problem is incompletely
overcome. Observe that, the size of ZOF; is difficult to predict and determined under the
high speed environment, such that it easily wastes the network resources. Therefore, the
mobicast routing protocol [15] is proposed to dynamically estimate the accurate ZOF ; by
zone of approaching (ZOA [ or Z}*) to successfully disseminate mobicast messages to all
vehiclesin ZOR;.

ZOAX"’ or Zl/ is an elliptic zone of approaching to forward the mobicast message more

closed to a destined vehicle and Z)" is initiated by vehicle V; at time t. Any vehiclein
the Z}’ has the responsibility of forwarding the mobicast message sent from vehicle V.
ZQ/ bounds the mobicast message propagation, vehicles in the Z}’ can only forward the
mobicast message to other vehicles located in the Z}%. If a vehicle cannot successfully
forward the mobicast message to any neighbor vehicle in the Z}* which is more closed
to the destined vehicle, a new approaching zone isinitiated. Multiple Z }’ areinitiated to

forward the mobicast message, such that ZOF, is finally formed by all initiated Z)". Fig.
10 illustrates at time ¢, V1, Va, V3, and V, are located in ZOR; and receive the mobicast



Table 2. Comparison of multicast and geocast routing protocols

Protocols DRG VG Mabicast Routing
Mobility of no no yes
destined zone
Digital map no no no
needed
Realistic no no no
traffic flow
Spatial yes yes yes
relevance
Spatiotemporary  no no yes
relevance
Environment highway highway highway

message from vehicle V... Attimet + 1, V5 and V,, can not directly receive the mobicast
messages due to temporary network fragmentation problem. Attimet¢ + 1, V., V5, and ;

initiate 2,7 |, )2, and '}, to forward the mobicast messages to vehicles V; and Vz. In
this case, ZOF,, , = ZOR,,,U Z}},UZ/5, UZ?,.

3.4 Challenges and Future Perspectives

The surveyed protocols investigate how to provide multicast and geocast routing. Each
of the protocols listed above in this survey has its strong point and the detailed analytical
comparison is shown in Table 2. Mobility of destined zone shows that a protocol dissem-
inates packets to a static or mobile multicast/geocast region. Existing protocols consider
the static multicast/geocast region except mobicast routing protocol. Spatial relevance ex-
pressesthat location of avehicleisthe factor whether this vehicle decidesto receive packet.
Spatiotemporary relevance expresses that both the time and location of a vehicle are the
factors whether this vehicle decides to receive packet. Existing protocols investigate the
single source multicast and geocast routing. However, the multi-source multicast and geo-
cast routing are @l so an important issue. Therefore, some future perspectivesshould include
the following:

1. The multi-source multicast and geocast routing are worth to develop since the mul-
timedia services are welcome today. A multi-source multicast/geocast routing is the
one that each member can be the source of message sender of the other members.

2. Reliability should be considered to design the multicast and geocast protocols. The
multicast/geocast message should be delivered with high successful rate.

3. Multicast and geocast routing for comfort applications are also considered. Com-
fort messages are usually tolerant of delay, meanwhile, network bandwidth is gen-
erally reserved for emergency messages. It is worth to develop an efficient mul-
ticast/geocast routing protocol for comfort applications with delay-constraint and
delay-tolerant capabilities with low bandwidth utilization.

4. The content of multicast/geocast message may affect driver's behavior and could
change the network topology. Therefore, the relationship between the content of
multicast/geocast message and network topology should be considered for protocol
designing.

5. The protocol designing for multicast and geocast routing should consider the scala-
bility. The VANET in acity environment is a potentially large-scal e network.
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Therefore, future works should focus on devel oping a multi-source multicast and geocast
routing protocol which supports applications of multiple multicast and geocast sourcesin
aVANET. In the next section, the broadcast routing protocol is studied.

4. BROADCAST ROUTING PROTOCOL

Broadcast is the last important operation for a vehicle to disseminate a broadcast message
to all the othersin a VANET. This section describes existing broadcast routing protocolsin
VANETs asfollows.

4.1 OntheBroadcast Storm Problem in Ad Hoc Wireless Networ ks

Tonguz et al. [16] demonstrate that the broadcast storm problem causes serious packet
collision and packet loss since too many vehicles simultaneously broadcast messages in
a VANET. Tonguz et al. [16] thus proposed three distributed broadcast suppression tech-
niques, weighted p-persistence, slotted 1-persistence, and slotted p-persistence schemes. In
the weighted p-persistence scheme, if vehicle V; receives apacket form vehicle V;, vehicle
V; first checks whether the packet has been received. If vehicle V; receives this packet at
the first time, then vehicle V; has probability p;; to re-broadcast the packet. Otherwise,
vehicle V; drops this packet, under p;; = Déj , where D;; is the distance between vehicle
Vi and Vj, R isthe transmission range. Neighbors of vehicle V; changep;; to 1 to ensure
that the message must be broadcasted if they have no received the re-broadcast message
after waiting a random time. In the slotted 1-persistence scheme, If vehicle V; firstly re-
ceivesthis packet from vehicle V;, then vehicle V; waitsfor T’s, ; time slots, vehicle V; has
probability 1 to re-broadcast the packet, where T's,, = S;; x 7, where 7 isthe propagation

time for one hop transmissionand S;; = [Ns(l — DI;J )1 if D;; < R; otherwise, S;; =0,

where N is the default number of time-slot. The slotted p-persistence scheme combines
the weighted p-persistence and dotted 1-persistence schemes. If vehicle V; firstly receives
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the packet from V;, then vehicle V; waits for T’s,; time-slots. Vehicle V; has probability
p;; to re-broadcast the packet. Fig. 11 gives the example of these three broadcast schemes.

4.2 DV-CAST: Broadcasting in VANET

Tonguz et al. [17] proposed DV-CAST for a multi-hop broadcast routing protocol in
VANETSs and indicate three traffic scenarios for a vehicular broadcasting; (1) dense traffic
scenario, (2) sparsetraffic scenario, and (3) regular traffic scenario. Tonguz et al. [17] inte-
grate previously proposed routing solution in [16] to develop DV-CAST which is suitable
for both of dense and sparse traffic scenarios and reduces the broadcasting overhead. In
DV-CAST, each vehicle monitorsthe states of neighboring vehiclesall thetimeto makethe
broadcasting decisions. If avehicle V; receives a new broadcast message, V; firstly checks
whether vehicles exist behind. If it is true, the broadcast suppression schemes proposed in
[16] are adopted to forward the broadcast message; otherwise, V; forwards the broadcast
message via the traffic flow in the opposite direction. After V; broadcasting message, V;
overhears for a period of time to ensure that the message is successfully broadcasted if
the direction of V; is different from the source vehicle. Fig. 12 shows that the broadcast
message isinitiated by Vs and it isforwarded from group 1 to group 2. Although groups 1,
2, and 3 are dense group, groups 1 and 2 encounter the temporary network fragmentation
problem. Group 1 cannot directly forward packets to group 2. In this case, vehicle V' 4 can
forward packets to group 3 which is in the opposite direction, then vehicle V  forwards
packets to group 2. Observe that, the temporary network fragmentation problem is aso
considered in the design of broadcasting.

4.3 Broadcast Methodsfor Inter-vehicle Communications System

Fukuharaet al. [18] proposed broadcast methods for inter-vehicle communications system

to provide emergency information dissemination in VANETS. The purpose of emergency
information is to announce an urgent event by broadcasting for surrounding vehicles. Ac-

cording to the purposes of emergency information, the proposed broadcast methodsin [18]

are divided into two categories, emergency-vehicle-approach information and traffic acci-

dent information. Emergency-vehicle-approachinformation is used to announce the urgent

event to those vehiclesin front of the current vehicle, so the emergency informationisonly

disseminated ahead. Traffic accident information is used to announce the urgent event to
those vehicles behind the current vehicle, the emergency information is only disseminated

behind. By limiting the broadcast direction, the proposed broadcast methods[18] can pro-

vide broadcasts to a particular area and avoid mistakenly notifying other areas where the
information is not needed. Fig. 13 shows that vehicle V4 broadcasts the emergency mes-
sage to the restricted direction. Vehicle Vp does nothing. Vehicle Vi is located in the
relay range, it re-broadcasts the emergency information. Vehicle V¢ islocated in notifica
tion range but not in relay range, V¢ just receives the emergency information and not to
re-broadcast.
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4.4 Challenges and Future Perspectives

The surveyed protocols investigate how to provide an efficient broadcast routing. Each
of the protocols listed above in this survey has its strong point and the detailed analytical
comparison is shown in Table 3. Impacted by traffic flow demonstrates whether the pro-
tocol performanceis affected by changed traffic flow. Fragmentation solution shows how
a protocol overcomes the temporary network fragmentation problem. Existing broadcast
routing protocols are developing for safety applications to transmit emergency messages,
however, there are still some comfort applications which require an efficient broadcast
routing protocol, such as public information, advertisements, and navigation information.
Therefore, some future works should include the following:

1. A possible future work is how to design an efficient broadcast routing protocol for
comfort applications with delay-constraint and delay-tolerant capabilities and low
bandwidth utilization. That is, comfort messages are usually not urgent, so it can
be delivered under a constrained delay time. Besides, bandwidth should be reserved
for safety applications, so an efficient broadcast routing protocol for comfort appli-
cations should keep low bandwidth utilization.

2. Broadcast routing protocolsfor comfort applications should be able to integrate mul-
tiple partial comfort messages into a complete message since mass information can-
not be completely delivered at once under low bandwidth utilization.

3. A mgjor challenge in protocol design is how to develop reliable broadcast routing
protocolsfor comfort applicationsto ensure that broadcast messages are successfully
disseminated to all the other vehiclesin a VANET.

4. The broadcast message should be able to disseminate under low network density.
The network density isusually low in off-peak hour; however, the broadcast message
is still necessarily disseminated to all vehiclesin anetwork.

5. To provide an efficient broadcast routing, scalability should be considered since a
VANET islarge and metropolitan-scal e network.

Hence, how to design areliable broadcast routing protocol for comfort applications with

adelay-tolerant capability and low bandwidth utilization will possibly be the future works
in VANETS.

5. CONCLUSION

Unicast, multicast, and broadcast routing operations are key issues in the network layer
for VANETSs. This work surveys existing unicast, multicast, and broadcast protocols for



Table 3. Comparison of broadcast routing protocols

Protocols On The Broadcast DV-CAST Broadcast Methods
Storm Problem

Impacted by yes yes no
traffic flow
Digital map no no no
needed
Environment highway highway highway
Road single dual single
direction direction direction direction
Fragmentation  probability reverse range
solution re-broadcast traffic flow restriction

VANETs. The unicast routing protocols are split into min-delay and delay-bound ap-
proaches. The min-delay unicast routing protocols construct a minimum-delay routing
path as soon as possible. The delay-bound routing protocol utilizes the carry-and-forward
technique to minimize the channel utilization within a constrained delay time. This work
also surveys important multicast and geocast protocols for VANETs. The multicast in
VANETSsis defined by delivering multicast packets from a mobile vehicle to all multicast-
member vehicles. The geocast in VANETSs is defined by delivering geocast packets from
a source vehicle to vehicles located in a specific geographic region. A mobicast routing
protocol in VANETSs is also described. Finaly, broadcast protocols in VANETS are aso
introduced. We predict the tendency of the design of routing protocols for VANETSs must
be the low communication overhead, the low time cost, and high adjustability for the city,
highway, and rural environments.
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