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Abstract A Vehicular Ad hoc Network (VANET) is a type intelligently combined metrics. After designing the IB pro

of wireless ad hoc network that facilitates ubiquitous con-tocol, we implemented it and compared it with standard pro-
nectivity between vehicles in the absence of fixed infrastru tocols. The simulation results show that the proposed proto
ture. Source based geographical routing has been provendol can improve average delay and successful packet deliv-
perform well in unstable vehicular networks. However, thes ery ratio in realistic wireless channel conditions and arba
routing protocols leverage beacon messages to update thehicular scenarios.

positional information of all direct neighbour nodes. As a
result, high channel congestion or problems with outdate
neighbour lists may occur. To this end, we propose a street-
aware, Intelligent Beaconless (IB) geographical forwagdi
protocol based on modified 802.11 Request To Send (RTS)/ |ntroduction

Clear To Send (CTS) frames, for urban vehicular networks.

That is, at the intersection, each candidate junction nodgnhe recent growth of wireless communication technologies
leverage digital road maps as well as distance to destin@;aves the way for many emerging mobile networks like VAN
tion, power signal strength of the RTS frame and directioneT, This type of network facilitates the communication be-
routing metrics to determine if it should elect itself as atne tween vehicles in the absence of fixed infrastructure. Thus,
relay node. For packet forwarding between Intersectioms, othe increasing necessity of this network is an impetus for
the other hand, the candidate node considers the relative deading car manufacturers, research communities and gov-
rection to the packet carrier node and power signal strengt8rnments to increase their efforts toward creating a stan-
of the RTS frame as routing metrics to elect itself based ogjardized platform for vehicular communications. In partic
ular, the 5.9 GHz spectrum band has been allocated for li-

Keywords VANET - multi-metric based self election
EE 802.11 street map aware routing
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The rest of the paper is arranged as follows: section 2lestination node. This type of routing is more desirable in
discusses the recent related literature. Section 3 prevde VANET for the following reasons. First, in the near future,
overview of 802.11 RTS/CTS protocol. In section 4, we dis-vehicles will be embedded with Global Positioning System
cuss an overview of the proposed protocol. The algorithn{GPS) and navigation systems, hence geographical routing
of the proposed protocol is discussed in section 5. This iss perfectly suited to VANET. Second, since geographical
followed by developing the score functions for relay selfrouting is stateless, it does not maintain establishedesout
election at and between intersections in section 6. In sedetween the source and the destination.
tion 7, performance evaluation is elaborated, where we-high | vehicular wireless networks, the performance of exist-
light the feasibility of our protocol by considering arestic  jng geographical routing protocols, such &k [?], [?], [?],
urban vehicular scenario and log-normal shadowing modefs) 2], [?], [?], [?] has been improved by considering effi-
Finally, section 8 concludes the paper. cient forwarding strategies and vehicular mobility chéeac

istics. However, each of the aforementioned routing proto-
cols has its own limitations. Greedy Position StatelesstRou

2 Related Work ing (GPSR) P] may not perform well because of uneven
. . traffic distribution- a combination of dense and sparse traf
2.1 Geographical Routing Protocol fic conditions- along different road segments. Under these

) ) ) circumstances, GPSR activates face routing, in which a data
VANET is counted as a special type of Mobile Ad hoc Net- y4cket is forwarded on a series of faces towards the desti-
works (MANET) where vehicles or transportation infras- nation. Greedy Source Routing GSR,[uses greedy relay-
tructures equipped with wireless access to form a self oryg g forward data packets toward the destination. However
ganizing wireless network. Traditional routing protocdés  {hey disregard low traffic densities in which there are an in-
signed for MANET, Ad hoc On Demand Distance Vector gficient number of nodes to relay data packets. Mobility-
(AODV) [7]; Dynamic Source Routing (DSRF], are less  centric data dissemination (MDDV) protocdi][considers
preferable in vehicular envwonr_n_ents. Thesje pro_tocols arfhe concepts of trajectory and opportunistic forwarding to
address based rather than position based i.e., discover apgnsmit messages towards destination regions. Howewer, a
maintain the end-to-end path between source and destingzic density changes with time, MDDV enters local op-
tion. This leads to frequent break down of the routes due t¢,,um with large amounts of route latency. Some authors
unstable vehicular networks. As a result, the protocokssff -, 19] developed Anchor-based Street and Traffic Aware Rout-
from control overhead, leading to low network performanceing (A-STAR) to utilize bus route information to discover

Fig.??shows the problem of address based routing in the Uk pest anchor paths of higher connectivity toward the @ik
ban vehicular environment. As can be seen, the establisheglctination.

route between the source and the destination breaks. . _
Based on the assumption that road traffic is the planar

An alternative routing scheme, which is suitable for ve- raph, the authors ir?] proposed Greedy Perimeter Coor-
hicular environments, is geographical routing where vehi-g Ph. 1 Prop y

, . .. dinator Routing (GPCR) which utilizes the concept of junc-
cles’ route data packets by considering the position of th%on nodes to ?:(gntrol tr:e next road segments trl?at pjackets

should follow. In this new type of planar graph based on un-

s & =0 derlying roads, vehicles can forward data packets along the
A streets in both greedy and perimeter modes. At the intersec-
g D tion, GPCR uses two heuristics to determine whether a node

is located at the intersection. The first one uses beaconing

(2) Attime ;. services so that each node is aware about its neighbours. A
e e node can be considered a coordinator node when it has two
T ~_ N neighbours that are within radio range of each other, but do
s El = P not list each other as a neighbour. The second one is derived
‘\\-»m A by calculating the correlation coefficient that relates dao
B to its neighbours. A correlation coefficient close to zero in
(b) At time t=t; + ot. dicates that there is no linear coherence between the posi-

L ) tions of the neighbours. This indicates the node is located a
Fig. 1: The address based routes that were established k?junction. GPCR solves the problem of inaccuracy of node

tween the source and the destination frequently break due Bbpularization in addition to the improvement of forwarglin
unstable vehicular networks. Routef, D) that was created  performance as packets travel less number of nodes in the

at the time t&, breaks at the time=t; + ot whenA exit  perimeter mode. Performance evaluation shows that GPCR
the radio range of S. delivers more data packets compared to GPSR. However,
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there is the possibility that packets loop back in the same&vith geographical routing in order to lend cognitive capabi
street from which the packet has arrived. Furthermore, theity to packet forwarding decisions. Routing metrics, irtlu
only considered greedy forwarding metric for packet ragitin ing direction and distance, are considered inputs of theyfuz
in error prone urban vehicular scenario. decision making system in order to select the best prefer-
The authors in7] proposed diagonal-intersection-basedable route around a smart vehicle. Next, it proposes a local
routing (DIR) protocol for routing packets in urban vehic- decision mechanism to observe the network partitions in or-
ular scenario. The DIR protocol consists of three phasegler to allow switching from SRR mode to queuing mode
destination discovery, packet forwarding, and route neaint Or vice versa. In contrast to the proposed IB protocol, the
nance, to route packets efficiently towards the destinatioSRR routing protocol uses fuzzy inference system to rank
However, the periodic maintenance of link cost (expectedhe neighbour nodes and considers source based routing for
packet forwarding delay) between forwarding diagonal infelay node selection. In addition, the SRR protocol is de-
tersections(from Iy i to Iyjyj) leads to higher overhead signed for highway vehicular scenario rather than urban ve-
traffic and hence negatively creates an impact on the endpcular network.
to-end data transfers.
Another direction of routing data packets optimally over
urban vehicular environments is taken by Jerbi et al?jn [ 2.2 Beaconless Geographical Forwarding
where the authors proposed an improved vehicular ad hoc
routing protocol for city environments (GyTAR). The de- Neighbour discovery is a crucial part of geographical rout-
signed protocol has two modes of operation: routing at théng protocols. To achieve this, the routing protocols assum
intersections and at road segments. For the former modehat nodes broadcast periodic beacon messages to inform
GyTAR reactively selects the neighbour intersections upomeighbour nodes about their address, location and other rel
consideration of variations in traffic density and the dis&  evant information. In this proactive neighbourhood aware-
to the destination. However, since realistic city maps hav@ess, each vehicle must maintain an up-to-date list of Reigh
irregular shapes such as unequal road segments between fiur nodes. Otherwise, the outdated information problems
tersections, GyTAR does not consider variations of segmerniccur, where of the neighbour list leads to a miss of the next
lengths within urban environments. Furthermore, GyTAR’scandidate node, or the node that has been chosen will move
traffic density estimation is very costly in terms of band-out the radio range (Fig?).
width consumption and scalability issue. The authors in7] proposed a geographical forwarding
Cheng et al. discusses that delay tolerant aware routingcheme called Guaranteed Delivery Beaconless Forwarding
protocol is necessary due to heterogeneous distribution &cheme (GDBF). In the proposed scheme, the relay node is
vehicles. To achieve such packet salvaging capability?]in [ selected through the use of control RTS/CTS frames of the
the authors proposed GeoDTN+Nav in which they combinetMAC layer and waiting time function. In greedy mode, the
greedy mode, perimeter mode, and DTN mode. The GeoDTdéndidate node which is closest to the destination responds
+Nav protocol utilizes a network partition detection metho to the source first.
S0 as to switch between different modes of packet forward- When a source node has shortest distance to the destina-
ing. Network partition detection switches between différe tion as compared to the distance of direct neighbour nodes,
modes based on the number of hops a packet has travelledi$® contention winner might be the node which is closer to
far and the delivery quality of neighbours. The Virtual Nav-the source. Thus, other nodes which overhear the CTS frame
igation Interface (VNI) has been used to provide necessargxit from the contention phase because there is a link estab-
information for the proposed protocol so that it can deter{ished with the source.The GDBF could guarantee packet
mine its routing mode and next hop forwarder. However, thelelivery as compared with the existing beaconless routing
developed protocol have shortcomings in terms of favourprotocols. Furthermore, the existing beaconless appesach
ing link reliability, stability and forwarding progressward  either retransmit the whole data packet immediately, that
destination. InP], the authors developed address based geamight lead to the redundant retransmissions, or have dupli-
opportunistic routing that uses topology assisted geducap cate packets.
routing with opportunistic forwarding. The proposed rogti In their analysis, they confirmed low routing overhead
protocol uses periodic packet receptions evoked by broadgnd high guaranteed delivery. However, they assumed ideal
cast wireless medium and forwarding opportunity is trig-MAC layer and unit disc radio propagation in their perfor-
gered to perform packet routing through direct neighbourgnance evaluation. Since the wireless channels between ve-
that have received data packets successfully. hicles in the urban environment are error prone due to high
In another attempt, Kayhan et al. it [developed a Sta- inter-channel variation, shadowing and fading effects, th
bility and Reliability aware routing protocol (SRR) for ve- aforementioned authors did not consider the quality of wire
hicular networks. The SRR protocol incorporates fuzzydogi less channel and stability of packet forwarding. In additio
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power signal or direction of movement. Thus, this pro-
s tocol may lead to sub-optimal results in erasure wireless
channel.

\ A positive step toward efficient routing protocols is taken
by [?], where the authors proposed road-based routing pro-
tocols that leverage on-board navigation systems to estab-
lish paths between the source and the destination through
Source i a sequence of intersections with high network connectivity

/ In addition, to eliminate the hello packet, the authors pro-
posed an enhancement of receiver-based next hop self elec-
tion (which is the core of our proposed protocol) (e.g], [

Relay

() The source node handshakes, through bea- or [?]) to reduce protocol overhead in the network. How-
coning, with the relay node before sending ever, exchanging link state information and route mainte-
data packets. nance leads to high network overhead. B, the authors

. use beaconless forwarding optimization between intersec-

Wik, tions; however, it does not consider packet forwarding-deci

sion at intersections. In addition, they focused on the powe

Data’x\x\ @ signal strength, optimal transmission range and distaorce f

Relay packet forwarding. On the contrary, we take into account di-

\ rection, forwarding progress and variation of receivedalg

5 strength for reliable, stable and fast packet forwarding- F

thermore, the modification of RTS/CTS in IB protocol is far

SHiites / different compared with their geographical forwarding.

/ In [?], Ruhrup et al. proposed beaconless georout-
ing with guaranteed delivery for wireless sensor, ad hoc

and actuator networks. The proposed protocol, which is
(b) The relay node exit the radio range after sending based on the Select-and-Protest principle, consists of two
data packets by the source. methods for reactive face routing with guaranteed deliv-

ery. The Beaconless Forwarder Planarization (BFP) de-
termines the nodes of a local planar subgraph with using
beacon message form all neighbours. The second method
uses angular relaying to determine next hop of a right-
their proposed scheme is not designed for urban vehiculafand face traversal. In addition, the authors presented
environments. Circlunar Neighbourhood Graph (CNG) to address the

In [?], Fussler et al. proposed a Contention Based Pplanarization problems of Gabriel Graph (GG). More
Forwarding (CBF) to route data packets greedily with- ~ precisely, less messages is needed to construct CNG than
out the need of periodic beacon transmissions. The packet GG. Simulation and theoretical studies show that the pro-
carrier node, which runs CBF, does not score the di- Posed delay function reduced the number of protest mes-
rect neighbour nodes. Rather, it broadcasts the control sages by a factor of 2 as compared to the angle-based
frames to them, and they should decide individually whetheidelay function.
to forward a packet or not. That is, the packet carrier In the brief discussion above, it is clear that receiver
node broadcasts the RTS frame containing its and the based self election is an imperative need for multi-hop-rout
destination position. Then the next relay node is selected ing along the streets in the urban vehicular environment.
by distributed timer-based next hop self election in the To this end, in this paper, we propose Intelligent Beacon-
contention period. The winner (shortest reply time) of less (IB) geographical forwarding protocol, based on mod-
the contention phase is the node which has more geo- ified 802.11 RTS/CTS frames, for vehicular wireless net-
graphical progress toward the destination. The contention works. That is, at the intersection (which is defined as a
winner broadcasts the CTS frame to the node, which is convergence of one or more Road Segments), each candi-
an originator of the RTS frame. At this time, the candi-  date junction node leverage digital road maps as well as
date nodes that hear this CTS frame, cancel their timers  distance to the destination, power signal strength and di-
and exit from the contention process. The CBF protocol rection to the next coming intersection routing metrics to
did not consider the unreliability and instability issues d  determine if it should elect itself as a next relay node. For
packet forwarding by considering other parameters like  packet forwarding between Intersections, on the other hand

Fig. 2: Inaccurate neighbour list problem in VANET.
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the candidate node considers the relative direction to thabsence of fixed infrastructure. The proposed protocol con-
packet carrier node and power signal strength of the RTSiders that all vehicles are equipped with the Global Posi-
frame as routing metrics to elect itself based on intelliyen tioning System (GPS) services and digital road map, i.e.
combined metrics. The proposed geographical forwardingach vehicle knows its own position, coordinates of thejunc
protocol has been modeled using JIST/SWAR]sretwork  tions and road segments. This assumption is valid because
simulator tool for performance evaluation. It is notewgrth in the near future more and more vehicles will be equipped
that the IB protocol is well suited for many applicationsr Fo with on-board navigation systems. The packet carrier node
example, in comfort-related applications, it can be used fo(source/relay nodes) needs to have the position coordinate
chatting, gaming or infotainment between vehicles. We sumef the destination node to make packet forwarding decisions
marize the contributions of this study as follows: Furthermore, the proposed protocol is simulated in an open
and regularly structured vehicular environment (i.e.joad
— We propose IB geographical forwarding protocol to tacklgbstacles and dead-end roads are not considered in the sim-
proactive neighbour discovery. In essence, for packet foigation).

warding at the intersection, the candidate junction nodes |n addition, the IB protocol does not require the trans-

utilize distance to the destination, power signal strengthnission of beacon messages and forward data packets opti-
and direction as routing metrics. For routing betweenmajly in urban vehicular networks. To achieve this objeztiv
intersections, multi-metric packet forwarding has alsojt makes the packet forwarding decision at and between in-
been utilized to forward data packets toward the destitersections. Fig?? demonstrates the flowchart steps of the
nation. of IB protocol. The dark gray blocks are the contributions
— We perform simulations to show the effect of vehicularof the designed IB protocol. In essence, at the intersection
traffic density and speed of vehicles on the proposed gehe packet carrier node broadcasts a modified control frame
ographical forwarding protocol. called RTS to all direct neighbours and the neighbours them-
selves decide if they should forward data packets. This for-
warding decision lies on the distributed timer-based con-
3 An Overview of 802.11 RTS/CTS protocol tention process, which allows the most suitable candidate
node to access the channel based on the distance to the des-
The IEEE 802.11 Distributed Coordination Function (DCF)tination, power signal strength and the relative direction
[?], [?]is designed to implement the Carrier Sense Multiplethe next coming intersection. After the best intersectias h
Access/Collision Avoidance (CSMA/CA) protocol, which been chosen, and while between intersections, the caadidat
utilizes four way handshaking (RTS/CTS/Data/ACK) for anodes try to access the channel based on multi-metric for-
session of data transmission. When the source node has datarding decision, i.e. the power signal strength of the RTS
for transmission, it senses the wireless channel for the pdrame as well as relative direction between the candidate an
riod called DCF Inter Frame Space (DIFS). If the channel igshe packet carrier node. When the best node, whether at or
idle for DIFS period, then it selects a random backoff timerbetween intersections, accesses the channel, the regainin
in the range (0,CW), where CW is Contention Window. Af- nodes then cancel the scheduled packet after detecting this
ter the timer expires, the source sends the RTS frame to tHegansmission. In the next section, the complete algorithm o
intended receiver. The receiver broadcasts the CTS fran8 protocol is discussed.
to all of its neighbours. The neighbours of the source and
the intended receiver update their Network Allocation Vec-
tor (NAV) in the du_ration dl_Jring wh_ich th_e c_;han_nel is oc- g Proposed Protocol Algorithm
cupied by the ongoing session. During this time intervél, al

neighbours defer their transmission until this sessionms< | protocol is completely unlike source based routing, hic
pleted. After the source has received the CTS frame, itsstarig pased on receiver self election to suppress the effect of
sending data to the intended receiver, and this is followed bequent broadcast of beacon message. The distributed next
an ACK frame if the data is received successfully. In case Oﬁop self election is based on modified RTS/CTS frames of
any failure of data transmission the source starts themtra yhe 802.11 protocol. The general contention phase proeedur
mission until retry limit is reached. is demonstrated in Fi??. As can be seen, if the packet car-

rier node receives a single CTS frame, then it transmitsi(aft

Short Inter-Frame Space (SIFS)) the data frames to the node
4 Proposed Protocol Overview which wins the contention phase. Furthermore, the design of

the score function, which is used to compute the reply timer,
The designed IB protocol is adopted for Inter-Vehicle Com-has an important role in the successful contention phase be-
munication (IVC), in which vehicles communicate in the tween RTS receiver nodes.
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In addition, the RTS is a broadcast message which ibetween them, and the second flag is useful to make all re-
modified to carry the position of the destination node, theceiver nodes to process/respond the RTS broadcast message.
direction and position of the source node. Furthermore, it ) ) i
also carries two flags: the first one is used by the receivers The details of the 1B protocol are illustrated in Algo-

to know whether the source is located at the intersection c{llthm_l' From Iine_ 9 10 10, upon receiving th(_e RTS frame,
candidate nodes first check, through Intersection Cheak Fla

(ICF), whether or not the source is at the intersection or be-
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This time depends on
the designed score function

Algorithm 1 Receiver-based geographical Packet forward-
ing at noden;

i

1

| RTS Waiting Time | CTS Data Frame ACK |
VY
T 3
SIFS SIFS SIFS 4
5
. . 6
Fig. 4: Contention phase of the IB protocol 7
8:

tween them (line 10). At the intersection (ICF=1), a higher o:

priority should be given to a node, which provides forward10:
progress, loop-free for the packet proclaimed by the RT%%f
frame, and strong signal strength of the RTS frame. Therers.
fore, candidate nodes compute their score (reply timegdbas 14:

on Greediness Factor, Direction, andSignal Srength (line
11-13). After determining the reply timgr candidate nodes

set their timer to the value df, and this value determines 77
how good the candidate node is to become a next packes:
19:
20:

forwarder (line 14-16).
If the current packet carrier node is located between in*

notations:
toata, tcrs, trrs, tack and tgrs : time to transmit data frame,
CTS, RTS, ACK and two subsequent frames

. pi: position of noden;

. Ppq: position of the destination node

. dc: direction of the packet carrier node

. pc: position of the packet carrier node

. ¢: the address of the packet carrier node

. ICF: a flag, to indicate the packet carrier node is at or between

intersections
ti: reply timer for node;
if RTS packet (pc, pg,dc, f,toata) packet isreceived then
if ICF =1then
determine th&reediness Factor
determine th®irection
determine th&gnal Srength
call score function to calculate reply timg(at the intersec-
tion)
set the timer tot; |
defer transmissions, fotpara +tcts+tack +3 X tgrs]
else
determine th&gnal Srength
determine th®irection
call score function to calculate reply tintetbetween inter-

. . . sections
tersections (ICF=0) (line 17), the candidate node measures . set the t?mer 6t
the signal power strengti&ignal Srength) of the RTS frame  22: defer transmissions, if any, foftpara + tcrs + tack +
and computes its directiol(rection) relative to the packet 3 x tgFs]
carrier node. Then, the candidate nodes compute their repﬁ]z els‘z”d i

timer. This reply timer depends upon the relative directions.

and power signal strength: a candidate node has a short-

est reply timer when it travels in the same direction of the265
packet carrier node as well as receives the RTS message Wééj
29:

In case of the reply timer beetle off, a control frame30:
called CTS is transmitted to the packet carrier node, whicﬁlf

a strong power signal (line 18-23).

indicates that it wins the contention phase and becomes t

best preferable relay node. Meanwhile, when the direclmeigmi
bour nodes hear a CTS frame, they cancel their own timess:

and are suppressed from the contention phase. Afterwardigi o
cendl

the source concludes the communication session by trand/

if CT Spacket (ng,ns,tpara) isreceived fromny bef orethetimeout
then
cancel the timer
defer transmissions, if any, fiibara +tack +2 X tges]
else
if node n; hears DATA fromnode nsthen
defer transmissions, if any, ffixck +tsrs|
else
if tj isrunsof f then
broadcastT S(n;, ¢, tpata)
end if
end if
end if

mitting data packets to the elected node (line 24-34). It is
noteworthy to mention that if the reply timgrhas infinite

or negative values, the packet will be discarded by the ca
didate node. In the next section, the score function foyrela
self election at intersections is illustrated.

intersections, the best preferable relay node is detednine
ased on the reply timer. The reply timer is computed based
on the (multi-metric) score function. Thus, to qualify the

best preferable candidate node, we introduce the input pa-
rameters of the score function: distance to the destination

6 Proposed Forwarding Metrics

direction towards the next coming intersection and power

signal strength of the RTS frame.

6.1 Score Function for Relay Self Election at the

Intersections tio

1) Greediness— Factor (GF): When a candidate junc-
n node is at the intersection and receives the RTS frame,

it calculates theGreediness — Factor which indicates the
In multi-hop routing protocols, packet forwarding based oncloseness of a candidate nagéo the destination. This fac-
one routing metric can be sub-optimal because many critder is calculated byD./D;i; whereD; is the distance of a

ria (reliability, stability, one hop progress) affect reutp-

noden; to the destination anb. is the distance of the cur-

timization between the source and the destination. At theent packet carrier node to the destination. The greater the
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Greediness— Factor is, the higher priority a node has, and array used to give priority to the routing decision metrics,
hence it is approaching the destination with high advancei-e. the routing metric with a higher weight factor has more
ment progress. We considered theeediness— Factor rout-  impact on the self election process. In our IB protocol,¢hre
ing metric due to crucial decision of packet routing at the in metrics has been utilized to make packet forwarding deci-
tersection. However, if we consider this parameter aldree, t sion at the intersections. Thus, the reply timer value is cal
routing loop might be occurring at the intersection. Thus, w culated as follows:

consider the direction of a candidate node toward the next
coming intersection.

2) Direction (D): The direction of vehicles is important f
to be consio_lereq for stabl_e pac_ket forwarding. This is be- The maximum value of (GF;,D;,R) occurs when its
cause the dlrectlon of vehlcle_s is constrained _by the road&erivative equals zero, the value of X is given by:
as well as two vehicles travelling in the same direction hav-
ing more stable wireless link than they travel in the oppo-
site direction. In realistic urban scenarios (road withvedr — x _ — Yimex 3)
ture), the direction vector of vehicles is not always paitall GF&, x DP2, x PB3,
ing to each other. However, the proposed protocol consid-
ers straight roads in the urban environmentsi.e. vehickes a

travelling in the same or opposite directions. Thus, Weq‘)lacmaximum value oGF; depends on the simulation area and

f gt[]eat dgal (;Lretll;ncet on t?;s Eature io give hlghter [IMOt_rI the communication range of vehicles. Accordingly, Bfnax
0 fhe nodes that ey travet o the next coming Intersection equal to (10). The maximum value Bf is (1). This is

. L ) N
The relative direction between a mobile node and the flxe§ . : .
inti lculated by m rina the anale between dinecti ecause the maximum rangeas o is 1 (o is the angle
pointis calculated by measuring the ang'e beween dieClioy, ., aen girection vector of the candidate node and X-axis).

vector of the mobile node and the x-ax#.[Furthermore, Furthermore, we conducted a real experiment to deter-

since wireless channel between vehicles is error prone, the. : .

o . . mine the maximum value of the signal power. We set up

channel quality is also should be considered in packet for- . . . .

. . a scenario whereby two vehicles equipped with laptops are
warding decisions.

. ) . travelling in the same direction in urban vehicular environ
.3)Sgnal —Streng'Fh(P). The W|re.less chann.els betyveen ment. The computer laptops have 802.11b Wireless LAN
vehicles are susceptible to attenuation and fading dueila-bu

. . card as well as software for signal strength measurement
ings and other obstacles in the urban area. Therefore, we " R ; .
. . . named "InSSIDer 2" P]. Furthermore, during the experi-
consider the level of power signal as a metric to character- . .
ment, both vehicles travelled with an average speed of 45

ize the quality of channel between a candidate node and ﬂl(em/hour. Therefore, based on this experiment, we observe
packet carrier node. A candidate node can determine th ’ '

ter b ina th ianal level of the RT Pie maximum value oP is (-20 dBm) and the minimum
]E)rz::g]e er by measuring the power signat Ievel ot e R1 Qalue is (-60 dBm). The (-60 dBm) is the radio reception

After th " trics has b defined threshold and below this value the data packet receptions
er the routing metrics has been defined, an aggregal, .\ 1 ssile.

ing function should be used to combine all criteria into a If the maximum time delayYaay) for a candidate node

single function which IS U.SEd t(? excel thg best Can(j'(j"’lt%lection is 0.8 ms (this value empirically is set in the simu-
node. The score function is a single ranking measure th%tor) By =05, B = 0.2, B — 0.01 and then we use equa-

combines all routing metrics into a single one. Since th%ion 2210 calculate the value o which yields—0.2416

random ba(_:koff timer of IEEE 802.11 is based on prqd'Therefore, we can compute the reply tima}, (based on
uct of slot time and a random number, the score function : N . .
. L o ; equation?? , which is equal to @860ms. This duration
is also modelled as a multiplication of specified variables

) : : . ., (0.08
Consider a score funct.|on based prouting metrics(; = 60 ms) is the time in which the candidate node should wait
{41, iz, Ci3, ..., ¢j } (In this paper, we assume that the rout-

ing metrics has to be maximized). for h of them th nafter receiving the RTS message. It is noteworthy that all
'g metrics has to be ma ed), or each o -f me ca candidate nodes leverage the score function (equatipto
didate nodey has numerical values in the ran@@"", ™.

Th lti-metri ina function is i ol compute their reply timer after receiving the RTS message.
en, a multi-metric scoring functionis given as followk Moreover, for theoretical analysis the values of weighes ar

constant, but they optimally could be determined in the per-
N Bi formance evaluation.
f(Gin, Qioy oy Gi) =X x CP % 2B 2P 20 4 Y (1)
(.G ) " 12 '3 . e Furthermore, Fig?? depicts the correlation behaviour
whereY is the maximum value of the scoring function betweentj, GF andR variables. The trend shows that the
f({i1, Giz, Gis, .-, ij), X is the variable dependent weights of reply timer (;) decreases to minimum value when the value
the limiting condition, and 1, B2, Bs..... Bj) is a j-weight  of Pis 0.01 mw and>F is 10. This is because the candidate

(GF,D;i,P) = X x GFPt x DP2 5 PP 1 v, o, )

To evaluate the score function in equati®® first we
need to know the maximum values G, D; andR. The
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node is more directed toward the next coming intersection, Wherey; andys are weights foP andD routing metrics
is close to the destination node and is receive the the RTfspectively. The variablBnay is the maximum time delay
frame with strong power signal (lower green part). after receiving the RTS frame, aids defined as follows:
The IB protocol handles two modes of packet forward-
ing in the urban vehicular environment. In the previous sec-
tions, we presented the packet forwarding decision at-inte/A =
sections. In the next section, we elaborate the routing met-
rics and the score function for packet forwarding between Tg evaluate equatiod?, finding the maximum range of
intersections. the variablesP? and D is essential. As determined in sec-
tion ??, the maximum value ob andP are equal to 1 and
-20 dBm respectively. The value @&f can be determined,
_ _ A= 55072507 Which yields—1.1043, hence the reply timer
6.2 Score Function for Relay Self Election between becomes ®683ms. Fig. ?? shows the correlation between
Intersections P, D andt;. We observe that, a candidate node has low reply
timer if it has good channel quality (strong signal strefigth
In this section, we use the same ideas of equa®®no  and travels with the same direction of the packet carrier
derive a multi-metric/score function for packet forwarmglin node.
between intersections. This score function consists of two
input variables and one output variable. The inputs are the
power signal strength of the RTS frame and relative direcg 3 |B Protocol Packet Forwarding Example
tion of a candidate node with respect to the packet carrier
node. The power signal strength of the RTS frame is distn this section, we illustrate the basic operation of the IB
cussed in sectioR?, the second metric is the the movementgeographic forwarding protocol. Note that the main purpose
direction of the vehicleBirection (D), which facilitate sta-  of IB protocol is to forward packets at the intersections and
ble packet forwarding towards the destination. This is bepetween them without utilizing the periodic hello broadcas
cause the direction of vehicles is constrained by the roadgpessage. In the following scenario, we assume that enough
hence it leads to high resident connection time between twgehicles exist at the intersections and between them.
vehicles that are travelling in the same direction. Thersfo Fig. ??illustrates how IB protocol works. Now, the packet
we place a great deal of reliance on this feature to give garrier nodeS, which is at the intersection, needs to send
higher score to a candidate node which travels in the samgackets to the best preferable candidate néde.C, F, G, H, 1),
direction of the packet carrier node. Furthermore, a mobilghat is, forward it to the destinatidd. First it broadcasts the
vehicle can calculate its relative direction with respe¢he  RTS frame to all nodes within its radio range, which carries
packet carrier node when its own and the source node’s dine source direction and location as well as the destination
rection are known. Thus, the bearing angle is needed to prggcation and duration of the communication session. The
vide the same or opposite directionality awareness of Reightandidate nodeR2 hear the RTS frame, make sure that the
bour vehicles in the vicinity with respect to the packetiearr  source is between intersections, trigger the score fumctio
node. For example: if vehicla is moving in< dxa,dya >  to determine its reply timer, and the node with the short-
direction and vehiclé is moving in< dx, dyy, > direction,  est reply timer issues a first reply with CTS frame. In this
we can calculate the bearing angte) between a candidate yehicular scenario, the relay noda)(has the besb and
node and a packet carrier node as follows: P. Therefore R2 sends back the CTS frame to the source
node. When the neighbour nodes hear the CTS frame, they
will exit the contention phase and do not send any frame to

—Brmax
—— 6
Pfx x Dl ©)

dXa - (dXp) + dya - (dyp) the source node unth sends an ACK frame to the source
cosg = BC a2 [ - dv2 (4} node. This vehicular scenario demonstrates the importance
(Vdxg+dya) - (1/dxg+dyp) of packet forwarding based on the relative directidie-
tween mobile nodes and power signal strength of the RTS
We now define the score function that gives optimal tragdrame.

After the best relay node has been selected between in-
tersections, the vehiclB will initiate geographical packet
forwarding at the intersection. As noted earlier, the candi
date node triggers the score function to calculate its reply
timer based on the forwarding progr&3i, directionD and
g(R,Di) =Ax PiVl X Di"‘Z ~+ Brmax (5) power signal strengtR. In consideration of this vehicular

off between power signal strength and the relative directio
which is given by:



10 Kayhan Zrar Ghafoor et al.

Px10”-3 (mnyw)

Fig. 5: Correlation betweeBF;, R andt; variables(3; = 0.5, 3, = 0.2, 3 = 0.01).

scenarioC elects itself as a next hop packet forwarder at thecles. STRAW has an efficient car following trajectory, lane
intersection. changing model and real-time traffic controller. In STRAW,
the generated vehicles are distributed regularly in thawrb
streets, and they pause for a period of time at the intersec-
7 Performance Evaluation tions. Moreover, Fig?? illustrates the actual map of the
Chicago city.
This section presents the evaluation of the IB geographi-
cal forwarding protocol in urban vehicular environments.  In addition, at the physical layer, the shadowing chan-
We have simulated the proposed protocol using the packetel model has been used to characterize the wireless chan-
level simulator JIST/SWANS?]. It is designed based on nel[?]. In the simulation, the value of the path loss exponent
the OSI seven layer network communication architecturen=2.8 and the reference distandg=0.4 are used for the
The simulation scenario is 39681251 m area that was shadowing model]. Furthermore, we set the radio com-
configured with JIST/SWANS, and the selected area conmunication range at 250 meters. In the simulation area, the
tains 370 road segments with 124 intersections (Pf. traffic density of vehicles is varied from 100 nodes to 400
We used the open source STreet RAndom Way point mobilrodes, and they move along the roads with an average speed
ity model (STRAW) [?] to simulate the movement of vehi- ranging from 30 to 60 km/hour. Moreover, the variant of

t_i(ms)

05 oo

04~
03 ]

8.2 fucos

5
Px10"-3 (mw)

Fig. 6: Correlation between input and output varialjigs= 0.07 and y, = 0.4).
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Fig. 7: The illustration of packet forwarding of IB protocol
At the intersection, the receiv€relect itself as a next relay
hop, whereas between intersections the radgandF wins
the contention phase.

Table 1: Simulation parameters

Parameters Value

Simulation time 350 s

Simulation area 3968 mx 1251 m
Mobility model STRAW

Traffic Density 100-400 nodes
Vehicle velocity 30-60 km/hr
Transmission range 250 m

Maximum packet generation rate | 6 packet/second
Maximum number of source nodes 10

Channel bandwidth 3 Mbps
MAC protocol IEEE 802.11b DCF
Data packet size 512 bytes

Weighting factors 81, 32, B3, 1, ) | (0.01, 0.01, 0.01, 0.3, 0.3

IEEE 802.11b DCF standard, based upon proposed protocol,

is used to model MAC layery], [?]. The simulation key pa-
rameters are summarized in TaB® The selection of these
simulation parameters is based on the stud¥x7,?]. This

We have compared the performance of the IB protocol
with the state of the arts geographical routing (GPCR |
and [?] protocols. We now briefly review the basic oper-
ation of these routing protocols: GPCR is a geographical
routing protocol that forwards packets to a neighbour node
which has the closest distance to the destination (greedy
mode of packet forwarding). In the perimeter mode, a node
forwards packets to the next neighbour node by applying
right hand rule. In addition, GPCR assumes that the road
traffic is the planar graph, which utilizes the concept otjun
tion nodes to control the next road segments that packets
should follow; CBF uses the distributed timer-based mech-
anism for the data packet forwarding decision. This random
timer mechanism is set when the relay nodes receive the
RTS frame and check if they are closer to the destination
than the packet carrier node. The contention between relay
nodes will end as one of them responds the source by send-
ing CTS frame (Which is a contention winner and selected
as the next hop).

The proposed geographical forwarding protocol are com-
pared with routing protocols based on the following evalua-
tion metrics:

(i) Packet Delivery Ratio (PDR) measures the fraction

of data packets that are successfully received by the
destination to those generated by traffic source.

End to end delay: is the total time required by all the
packets to travel from the source to the destination.
The packet delay obtained in the simulation is the sum
of sending buffer, medium access (packets delay due
to interface queue), re-transmission, relay election and
propagation delay.

Hop count: is the average number of relay nodes that
forward data packets to the destination.

(ii)

(iii)

is because these studies were based on the realistic measure |n the performance evaluation, we conducted different
ments between nearby vehicles. Further, the total sinoulati experiments to study the effect of various parameters on

time is 350 seconds. We set the settling time to 25 secondfe proposed protocol and the representative of the stdndar
at the beginning of simulation to remove the effect of tranvouting protocols.

sient behaviour on the results. The total simulation tinse al

included 25 seconds of stop sending packets from the end

of the simulationlt is worth mentioning that each point
in the performance figures exemplifies the average of 20
simulation runs.

Accuracy of simulation results are significantly re-
flect credibility of the data from a specific measurement.
Validation is used to evaluate the performance gain which
is obtained from the proposed solution. More precisely,
statistical significance test, namely Analysis Of Variance
(ANOVA-single factor) was calculated to verify the mea-
sured data form a specific protocol. ANOVA is a statis-
tical analysis model which is used to partition the vari-
ance of a particular variable into components which are
attributable to different sources of variation.

7.1 Impact of the Weighting Factofs, B2, B3, i, V¥

In this section, we conducted experiments to analyze the
sensitivity of the weighting factors of the proposed profoc
to determine a good balance between the routing metrics.
Moreover, the performance of the IB protocol has been sim-
ulated for different values of the weighting factors. Fg.
and Fig.??shows the measured PDR and average packet de-
lay versus the packet sending rate (Constant Bit Rate/8Spurc
for various representative values of the weighting factors
Initially, as the value of standard deviation and source
packet traffic increases, the PDR and average delay remain
stable. After the packet generation rate reaches about 32
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Fig. 8: A snapshot of Chicago city environment during sirtiola

kbps, we observe upward transition of the packet delay ttively, and offers better performance. First, since thekpic
420 ms and decrease of the PDR to 75 % wBer3,, B3, yi, \» forwarding based on a single metric lead to sub-optimal,
are set to 0.01, 0.01, 0.01, 0.3, 0.3 respectively. We kelievthe IB protocol that favours (by using weights) or®F,

that this is because the network reaches its peak saturati@ or P routing metrics does not show good performance.
throughput (which is the maximum limit of capacity that For instance, at the intersection, the IB protocol favouts d
the network can carry in stable condition) at 32 kbps. After+ectionality which does not offer optimal performance.s hi
wards, packet loss occurs due to higher network load. MAGs because th&F routing metric is also important in or-
layer tries to compensate for these packet losses at the catgr to find the shortest path to the destination as well as the
of average packet delay and PDR. P metric has an important role for good quality link selec-

The analysis shows that when the weighting values ofion. Furthermore, if the weightsy, 12)=(0,0.3), it means
B1, B> andB; are equal to each other as welljass equal to the IB protgcol_favours signal stren-g.ﬂ?whmh fmallly leads
Jo, more data packets are successfully delivered with lowel0 Sub-optimality due to the possibility of selecting ursta
average packet delay. We coin the reasons why the values Ble (low resident connection time) routes between intersec
B1, B, Bs, Vi, y» are setto 0.01, 0.01, 0.01, 0.3, 0.3 respeclions. Second, the weighting factors together have an impor

Fig. 9: Map of the region of Chicago city used in the simulatszenario
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0.9 Fig. ?? shows the packet delivery ratio of the 1B, GPCR

and CBF protocols with respect to vehicle speed. A prompt
result of this performance evaluation is that an increase in
vehicle speed leads to a low successful packet deliveny rati
for all protocols. In more detail, as can be seen, the IB geo-
graphical forwarding protocol performs better as compared
to the other routing protocols. The reasons are that the pro-
posed protocol removes the beacon messages to update the
neighbour information, which leads to less bandwidth con-
sumption in the network and the required memory to store
neighbour information. As a consequence, the percentage of

0.8 -
0.7 A
0.6
0.5

PDR

04

0.3 ——(0.01.0.01.0.01.0.3.0.3)

0.2 || ——(0.0.01.0.0.0.3)
—&—(0.0.0.01.0.3.0)

0.1 - the link utilization will increase for data packet transfer
0 = (0.01,0,00.0 : Furthermore, the multi-metric based next forwarder etecti
16 36 56 favours more stable and reliable links as well as forwarding
CBR/Source (kbps) progress toward the destination. On the contrary, we observ
(a) Packet delivery ratio variation with packet sending fat differ- tha_t the CBF prOt_OCOI !S always lags behind the IB protocol_.
ent weighting factors. This is not surprise since CBF protocol only uses greedi-
ness factor as a routing metric to forward data packets in
——(0.01,0.01,0.01,0.3.0.3) the such unreliable and unstable vehicular scenario. Gonse
2.1 | —6—(0.0.01,0,0.0.3) quently, the trend of CBF drops to 78.8 % at a speed of 60
km/hour.

—4&—(0,0.0.01,0.3,0)

- (0.01,0.0.0.0) ANOVA single factor has been used to compare the

means of the proposed IB protocol with the existing pro-
tocols. The result indicates that the IB protocol has the
lowest variance compared with the state of the arts. The
variance of 1B, GPCR and CBF are 0.001329, 0.008859
and 0.002004 respectively for PDR with F value of 44.301
and P less than 1 % level of significance. These results
suggest that the IB protocol has lower variance than other
two protocols. The implication is that the proposed IB
protocol may be more efficient in increasing PDR in the

=
o

[uny
=

Average Packet Delay

o
o

0.1
16 36 56 urban vehicular scenario than the other two methods as
CBR/Source (kbps) it shown in Fig. ??. Thus, the applied ANOVA single fac-
(b) Average packet delay with packet sending rate for aifier ~ tOF validation method is significantly reflect credibility
weighting factors. of the variance of data from specific measurement of the
proposed protocol.
Fig. 10: lllustration of the effect of different weightingd- In contrast to beaconless forwarding protocols, in GPCR
tors on the IB protocol performance. protocol, the packet carrier node needs to know the position

information of all direct neighbours. This information is-0
tained through periodic beacon messages sent out by each
Qirect neighbour node. The high mobility of vehicles leads
to the staleness of neighbourhood information. As a result,
the trend of GPCR protocol acutely drops to 57.5 % at a
speed of 60 km/hour.

In addition, even though each direct neighbour node uti-
7.2 Impact of Node speed lizes its own accurate location information, the IB and CBF

protocols suffer slightly when mobility increases to 60 kour.

This study is performed with a traffic density of 300 nodesWe believe that this is because the elected direct neighbour
with 10 of them acting as a source. To investigate the effediode will exit the radio range before receiving the actual
of speed on the performance of the proposed protocol, weata packets or sends back the CTS frame to the source.
run the experiments with varying the mobile speed from 30 In Fig. ??, we show the effect of increasing vehicle speed
km/hour to 60 km/hour. The simulated beacon interval is 0.5n average packet delay. The proposed protocol has the-small
s for the studied (GPCR) protocol. est average delay among the protocols studied. In IB proto-

tant impact in the duration of each election round. Thus, th
selected weighting factors attain optimal reply timer df th
contention phase between candidate nodes.
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col, the route is determined based on the modified RTS/CTS
frames handshaking, and this mechanism is more effective
in reducing the traffic load on the MAC layer. This leads
to improved delays, because fewer retransmissions and ex-
ponential backoffs happen in the MAC layer. Contrarily, in
GPCR, the average delay increases drastically with higher
mobility. This is because the number of MAC layer retrans-
missions increases.

In addition, we observe that the CBF protocol suf-
fers in terms of average delay as compared to the IB
protocol. This can be attributed to the fact that the re-
lay nodes in CBF contend to access the channel based
on greediness factor; that is, a relay node elect itself as a
next packet forwarder when it has the shortest distance
to the destination. Only considering greediness factor for
packet forwarding leads to RTS frame, CTS frame or
data packet losses in unreliable wireless channels between
vehicles. As a result, MAC layer tries to perform redun-
dant retransmissions to compensate these RTS frame,
CTS frame or data packet losses. With these packet re-
transmissions, the CBF protocol is susceptible to higher
end-to-end delay. As can be seen in Fig. ?? the delay
trend of CBF increases to 691 ms at a speed of 60 km/hour.

The comparison between IB protocol and the state of
the arts in Fig.?? indicates that our proposed protocol has
slightly longer average path length than the other protcol
The reason is that, unlike GPCR and CBF, IB protocol ex-
plores the paths to the destination by considering linkareli
bility (considering power strength), link stability (cader-
ing direction) and forwarding progress toward the destina-
tion (greedy forwarding). Expectedly, the routing protisco
should perform better for shorter path lengths. However, th
results do not support this hypothesis, because seleating b
ter en-route nodes leads to better performance. For instanc
the IB protocol has a longer path length, but it performs bet-
ter than other studied protocols.

7.3 Impact of Traffic Density

In this study, we conducted experiments to understand the
effects of a variable number of vehicles on the performance
of proposed and existing solutions. The experiments iraalv
setting the vehicle speed at 45 km/hour and the number of
source nodes at 10. We ran the simulation with different
number of nodes ranging from 100 to 400.

The results of this experiment is plotted in F2f2. In
Fig.??, the trend of the average delivery ratio is plotted with
the different number of vehicles. As expected, the trend of
protocols show that the successful packet delivery ratis co
sistently increased as the number of vehicles increasés. Th
is not surprising since the probability of connectivity iis i

Fig. 11: Effect of varying vehicle speed on the performanceé&reased with the increasing vehicular traffic density. Imeno

of IB, GPCR and

CBF protocaols.

detail, when node density is sufficiently high (300 nodes or
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more), the IB protocol’s trend becomes flat. This is because
the RTS/CTS handshaking procedure increases the probabil-
ity that a packet collision will occur as the packet is routed
towards the destination. The GPCR protocol, on the other
hand, greedily forwards data packets toward the destimatio
The link between the packet carrier node and the selected
next hop will be very weak (move out the radio range). This
case leads to fewer packets delivered to the specified desti-
nation.

The CBF protocol uses relay node self election mecha-
nism to greedily forward data packets toward the destina-
tion. In greedy packet forwarding, the probability of link
failure increases due to high signal attenuation of urioidia
wireless channels. As a result, the network performance is
degraded due to high packet loss. Due to this case, the IB
protocol performs better as compared to the CBF protocol.

Another interesting metric is the average packet de-
lay, which is depicted in Fig. ??. We notice that the av-
erage packet delay for IB protocol consistently decreases
until the number of nodes becomes 300, then rises slightly
to 265 ms at 400 nodes. The reason is that low traffic den-
sity in the network increases the likelihood that the net-
work will be dis-connected during the forwarding pro-
cess, whereas the high traffic density leads to packet col-
lision and duplication. Consequently, in both cases, the
average packet delay slightly increases. The average patke
delay of CBF, on the other hand, increases to 675 ms as
number of nodes reach 400. The responsibility of CBF's
high latency lies in the increasing number of MAC layer
retransmissions.

In GPCR, The average packet delay steeply increases
with traffic density. There are two reasons for this: First,
when the number of nodes increases, the time to determine
next packet forwarder (which is close to the destination)
also increases. Second, unlike IB protocol, GPCR does not
favour link reliability and stability.

Fig.??shows the average path length variation with traf-
fic density. Comparing the hop count incurred by IB proto-
col with those obtained by the state of the arts, we notice
that the average path length of IB protocol is slightly longe
than that of GPCR and CBF. However, our proposed proto-
col offers better performance in terms of successful dglive
ratios and average end-to-end delay. The reason for this ef-
fect lies again in the favouring link reliability and statyjl
in addition to the forwarding progress.

7.4 Impact of Radio Obstacles on the Simulation Results

In this study, we conducted experiments to understand the
effects of radio obstacles on the performance of proposed

Fig. 12: Effect of varying vehicular traffic density on the and existing solutions. The experiments involved settireg t
performance of IB, GPCR and CBF protocols.

vehicle speed at 45 km/hour, the traffic density at 250 nodes
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and the number of source nodes at 10. We ran the simulatior  0-9
with different packet generation rate ranging from16to 72 o8 -
kbps. 07
The static obstacles (buildings) in the urban environment ’
is simulated in the following model. The roadmap of the ur- 0.6
ban area is represented as graphs where streets are strai¢_ ¢ 5
road segment. In this city map representation, two vehiclesQE

in the same road segment are considered to be in line-of 04
sight due to non-existence of buildings to interfere wité th 0.3 A
radio signal. This can be determined by obtaining the street 5 —o-1B
number in road segment file for each vehicle. If two vehi- —=8—GPCR
cles are in the same street (visible to each other), they cai 0.1 —&—CBF
communicate with each other. If this case is not satisfied, 0
i.e., there will be a building or an open area between two ve- 16 36 56
hicle.s_, thg log-normal shadowing mo_del in JIST/SWANS is CBR/Source (kbps)
modified in order to add the attenuation value to the signal (a) Packet delivery ratio.
attenuation between transmitter and receiver.

Fig. ?? shows that the proposed IB protocol performs 1.4
better with performance increases of up to 10 % com-
pared with GPCR and 6.25 % compared with CBF. We 1.2 7
observe that the successful delivery ratio decreases as the 1
packet generation rate increases. But, the trend of the E
routing solutions is not sharp, which means the routing R 0.8
solutions can maintain the traffic load, as compared with g,
the simulation results without radio obstacles. This is not g 0.6
surprise since the the presence of radio obstacles in the =
vehicular scenario reduces the percentage of contention 04 o1
on the MAC sub-layer. On the other hand, as the value 02 || —m—GPCR
of source packet traffic increases, the PDR decreases ac-

. . . . . —&—CBF

cordingly. This performance hit of the routing solutions 0 : :
is due to increased error rate of the wireless link between 16 36 36
the packet carrier node and its neighbours. CBR/Source (kbps)

In Figure ??, the average packet delay is plotted with
respect to packet generation rate for different routing
protocols. When the inter-packet arrival time is large,  Fig. 13: Effect of radio obstacle on the performance of IB,
the average packet delay increases for IB,GPCR and CBF GPCR and CBF protocols.

Protocols. But, this ascending of delay is different for
each protocol. For IB protocol, the trend starts at about

625 ms then fluctuates gradually until it reaches 753 ms  ggih modes of packet forwarding, which are modelled an-
at 72 kbps. The reason of this gradual increase of delay 4ytically, rely on distributed next hop self election base
is that, when obstacles are present in the city map, the  op the modified 802.11 RTS/CTS frames. In addition, the
_contention in the V\_/ireless network W”_l b?_ low. But, the |g protocol forwards data packets along the city streets by
increase of delay is due to the unreliability of wireless  ¢qnsidering the real traffic on the roads and realistic wisl
channels between vehicles. channels. Simulation results show that, compared to the rep

resentatives of geographical (GPCR and CBF) routing pro-

tocol, the IB protocol performs the best in terms of success-
8 Conclusions ful packet delivery ratio and average packet delay. The fu-

ture work will consider the implementation of the proposed
In this article, we proposed an Intelligent Beaconless (IB)B protocol with IEEE 802.11p. In addition, we are currently
geographical forwarding protocol to optimally route dataworking to model static (e.g., Buildings) and moving (e.g.,
packets towards the destination. As discussed in detail ibus, fire track) obstacles by designing a new attenuation and
this article, the proposed protocol consists of two modewisibility schemes (both schemes have significant effect on
of packet forwarding: at the intersection and between themwireless signal propagation model).

(b) Average packet delay.
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