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Abstract: Vehicular Ad Hoc Networks is a promising technologynetworks. Opportunistic routing schemes carry tlessage

that can widely apply to monitor the physical woiriddurban areas.
Efficient data delivery is important in these netkwsand optimal
route selection is vital to improve this factor.Riilar mobility is

a reflection of human social activity and humarettories show a
high degree of temporal and spatial regularity.réfae, vehicular
driving paths are predictable in a large extenhefv opportunistic
routing protocol (DPOR) is proposed in this studgttuses driving
path predictability and vehicular distribution its iroute selection
procedure. This protocol is composed of two phas#srsection

and next hop selection phases. A utility functisncalculated to
select the next intersection and a new mechanisases proposed
for the next hop selection phase. Simulation resshow that
DPOR achieves high delivery ratio and low end-td-delay in the
network.

until a suitable next hop is found. But this cauadditional
delay in message delivery process.

Some other research works have mentioned that human

trajectories show a high degree of temporal andiapa
regularity [9-11]. Most of the trips made by thevers are
repetitive and formed by travelling between a ledinumber
of sources and destinations.

In this study, driving path predictability, vehianldensity
and their way of distribution over the road are duge
propose a new protocol for data delivery improvemen

The rest of the paper is organized as follows:dntisn 2,
related works on routing protocols in vehicular hdc
networks are summarized. Section 3 analyzes thandri

Keywords. Vehicular ad hoc network, Opportunistic routing,path predictability for various types of vehicleglaliscusses

driving path predictability, Data delivery ratio.

1. Introduction

the feasibility of proposing a new scheme. The psap new
protocol (DPOR) will be described in section 4, fhiwill
be evaluated in Section 5 via simulation study &ndlly,

A growing number of vehicles are equipped by waele S€ction 6 will conclude the paper.

transceivers to communicate with each other. Thaynfa
special class of wireless networks, known as véhicad

2. Related Works

hoc networks or VANETs [1-2]. Besides road safetylternating connectivity, rapidly changing topologgnd

applications, which are meant to avoid injurieanéart and
innovative applications are increasingly becomirgpar,
which increase the power of vehicular networks. essing
the Internet and offering P2P services are somé¢hase
applications [3]. VANET is characterized by highdeo
mobility and fast changing topology [4]. The mahmtienge
of these kinds of services is how to maintain tesit
connection between vehicle nodes to transmit dedan f
source to destination via wireless multi-hop traission or

stringent application requirements (e.g., guarahtédgh
delivery rate and low packet end-to-end delay) makeing
a challenging task in VANETSs. Different methods &deen
proposed to solve this problem. These methods @@n b
classified in to 3 groups:
l. Position based routing
Il Trajectory based routing
M. Opportunistic routing

carry-and-forward techniques. To realize the above Position based routingPosition based schemes use the
mentioned applications, one of the key researcltsoig to geographical positioning information to select thext
design effective data delivery schemes. Therefonany forwarding hop. Packet is sent to the next hop himig that
research works have been conducted on this topently. is closer to the destination, without any map kreagle. This
Among the existing schemes, some works use routechnique is called greedy forwarding toward dediom.
information (hop count, bandwidth, link qualitycétin their They do not keep global network information andirthe
routing process, such as DSR and AODV [5, 6]. Duéhe performance mainly depends on the network conngctiv
high speed of nodes' movement and high overheattheof Thus position based routing schemes cannot workwiedn
route maintenance phase, these protocols are itableufor the vehicular traffic is sparse and of none uniform
VANETS. distribution. GPSR and ASTAR [12] are two examptds
Some other works use geographical position infoionat position based routing.

and traffic model to find the suitable route. Thiformation Trajectory based routingTrajectory based routing is a
can be obtained by onboard navigation systems. Thgbrid scheme that combines source-based routindg an
performance of these protocols mainly depends am tigreedy forwarding together [13-14]. Source nodeecdsl a
network connectivity and thus on the vehicle nodiesisity.  trajectory toward destination with the use of difjihap and
Therefore they do not work well in sparse vehiculaGPS and appends it to the packet. Then intermediades
condition. GPSR and CAR [7, 8] are examples of kinisl of  select their next hop using greedy forwarding témpm
protocols. To solve this problem, opportunistictiog has toward the trajectory (the next hop which is closerthe
been proposed, which can cope with sparse andipagtil trajectory is selected). Trajectory based routirsgsuless
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network resources compared to the position basesb.onaddition to location information to route the paiske
Because they use a specific trajectory to forwhedpackets Traffic-aware data delivery scheme (TADS) is a pcot
and this prevents the packets to hang around tiworles. that chooses intersections dynamically to forwaetkets
TBD [15] is an example of trajectory based routing through a route to the destination. This routeatednined
Opportunistic routing Opportunistic routing schemes canbased on link quality and remaining Euclidean distato the
cope with sparse and partitioned networks. No emeird destination. And vehicular traffic condition is dsdo
path is assumed between source and destination estimate the link quality [18].
opportunistic routing schemes and they might neler Adaptive connectivity aware routing (ACAR) protocol
connected during the network’s lifetime. Moreoverdes do selects an optimal route with the best networksmaission
not require the global knowledge of network topgldg quality. This transmission quality is based onistiatl and
forward the message. Routes are built dynamicalty @ach real-time vehicular density that is gathered thiowg on-
node selects its next hop based on local informatid the-fly density collection process. ACAR protocslsuitable
neighbors. If a suitable next hop is not found, thessage for both daytime and nighttime city scenarios. Biiten the
will be carried till a suitable node is found. Thismes at a vehicular density increases, ACAR may choose tighdst
price of additional delay in message delivery daoethe density road to forward the packet, which causesCMadyer
lower speed of vehicle’s movement compared to tinel®ss collisions. Therefore, delivery ratio cannot haveucm
communication’s speed. Effective buffering of mggsalso improvement and sometimes may decrease [19].
takes role in the delay increase of the network. Human Trajectory based routing@:his class of protocols
These methods are compared in Table 1. uses human behavior based trajectories for rouestsm.
Table 1 Comparisons of routing protocols Most of vehicular networks exhibit some sort of ukegity

Category Method Advantagd  Disadvantape and periodicity in their mobility patterns [20]. Arthis can
help the routing protocols to select a more suitgdath. For
Uses Needs only Weak example, public transportation networks follow péit
» geographical | 5" e | Performance schedules. Even most individuals have fairly rejveti
Position based position osition of in sparse ¢ tt f le. drivi t d frihve
routing information to | POS!t h environment movement patterns, -OI’ example, _rlvmg 0 and Ir
select next hop. ':]S i"?ﬁ)‘ r°p work places at approximately same times of the day.
eIghbors. Vehicular mobility is the reflection of human sdcativity.
Uses a hybrid Weak Therefore, vehicular driving paths are predictahle large
. strategy based| ., hacket| performance extent. The mentioned opportunistic routing protscare
Trajectory on source- overhead is| in network compared in Table 2
based routing based routing : } p :
low disruptions . L. .
and greedy Table 2Comparisons of opportunistic routing protocol
forwarding. Protocol Route selection Disadvantage
Routes are built criteria
dynamically
and each node ng: éil tc?: "rr?lfte High delay in sparse
selects its next Suitable for Additional PBR availability city scenarios, due td
o L hop, based on delay in Lo message carrying
pportunlstlc local Sparse and message estimation
routing e partitioned delivery Selects the route| Distribution type of
: networks ACAR based on densityf vehicles is not
carries the f vehicl dered
message until of vehicles __considere
suitable next HL_Jman Selects the rout<=7 Dlstrlb_utlon_type of
hop is found. Trajectory based on nodes vehicles is not
— - - Based routing driving path considered
Opportunistic routing scheme works better in sparse Selects the route _ ,

. . : . . Euclidean distance
environments, which is a point of weakness in lgsthups of ~ basedon and vehicular
position and trajectory based schemes. VANETs shaot TADS d&fgg’hﬂgi"stgﬁg distribution have the
interrupt their message delivery in sparse comustio Euclidean same importance in
Therefore, opportunistic schemes are selected dathdr distance route selection

investigation in this study. Opportunistic routi@n be pegarding the comparison result in Table 2, driviagh
divided in to 3 categories as well [16]: predictability, vehicular density and their waydi$tribution

. Predictive based routing over the road are used to propose the new pro{@ROR)
I. Topology based routing in this study.

Il. Human Trajectory based routing

Predictive based routingThe motion of vehicles is S- Pre_diCtab”ity of the Vehicles’ Driving
constrained by road map and vehicular traffic cbods on Trajectory

urban and highway areas. Therefore, mobility istequi : ; o
: . ; o Most of the trips made by the drivers are repatitdecause
predictable in VANETSs. With the use of vehicle’'s vement they travel between a limited numbers of sourced an

|nformat|on such as Iocat!on, velouty,_trajecto_qno_l_etc., destinations. Regarding to this point, vehicles dam
this class of routing estimates the link availaili For PP ; .
example, life time of the routes is estimated with use of classified in to different categories:

Pie, Vehicles with specific driving trajectories such as

nodes’ mobility prediction in PBR [17]. After thahe most bus, tramway and light rail. These vehicles have

stable route will be selecteq to forward the pasket . stable trajectories and their driving paths aréyful
Topology based routing Topology based routing predictable

combines pqsition based routing and opportunigliaiimg 1. Vehicles with almost regular trajectories, such as

together. This class of protocols uses geographms in private cars whose trajectories have obviously



164

International Journal of Communication Networks &mfdrmation Security (IJCNIS) Vol. 7, No. 3, December 2015

temporal and spatial regularity. For example, &ome assumptions are made in this study, whiclgiaen
private car generally travels between limitecbelow:

number of places such as home, workplacéirst of all, city environments are consideredhis study.
supermarket, and park. Driving paths for thes&ach vehicle is assumed to have GPS device. Therdfe
vehicles are almost predictable and some methodsrrent location will be available. It is equippedth a
have been proposed recently to predict the privafeloaded street-level digital map, which not odgscribes
car’s driving path [21-23]. road topology and traffic light period, but alsoopdes
Vehicles with alternating trajectories, such asasx traffic statistics such as vehicular traffic depgind average
which have different driving paths. These vehiclesehicle’s speed on different times of the day. ¢kds
have variable driving path and do not have certaibtommunicate with each other through short rangeless
destinations. But if their destination is deterndimie channels and can find their neighbors through heaco
the initial stage of the trip, their trajectorieflllee  messages. Each beacon message provides vehicle's
predictable. In a research, a driving path prealicti information such as its unique ID, location, vetgciand
method is proposed for taxies with the assumptiodgirection.

of destination information gathering [24].

Each vehicle carries out a prediction method tcaiobtts

As discussed before, driving path prediction of thdriving path and announces it in the beacon messHge

vehicles is feasible and each vehicle can knowditging
path beforehand. If vehicles broadcast their dgvrath in
the hello messages, each of them can earn thettrajeof
the vehicles that it meets on the road.

4. Proposed Algorithm

Nodes in VANET do not have the ability to roam fyedue
to the obstacles and traffic regulations. Road ssgswith
their containing vehicles construct the VANET tagmp).
Finding an efficient packet routing algorithm istaallenging
task in VANET. An efficient algorithm is interpreteas a
route with high data delivery ratio.

Consider the network topology shown in Figure 1urge
node (S) wants to communicate with destination (@ar
intersection/;.
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Figure 1 A network example to find the path from S to D

The route [, -1, »1I;) is selected for
forwarding by the algorithms that selects high dgmsutes,
such as ACAR. This route can lead to a low dataveis
ratio in this scenario, because it does not consitie
vehicular distribution of the roads. Although — I, has
higher vehicular densityl, — I. is better to forward the
message, because the vehicles are more uniforstiydited
on this road. As wireless communication is far daghan
vehicle’ movement, using multi hop paths leads teimless
transmission delays compared to carry and forwahgmme.
Therefore, vehicular distribution is as importaatvehicular
density. Furthermore, the Euclidean distance shaldd be
considered in the route selection, but in a lesgrete of
importance.

Vehicular density, vehicular distribution and Edelan

distance will be considered in the proposed methechuse
considering a single factor cannot
performance.

lead to a goo

driving path is defined as a sequence of intersestialong
which the vehicle will arrive at the destination.
Furthermore, the street-level digital map is alusé@ as a
directed graphG(V,E). For any two intersection and
I;, r; € E will exist if there is a road segment connecting
and/;, and vehicles can travel fromtowardsl; on this road.
An accuracy factorK) is defined in this study. This factor
shows the accuracy of the vehicle’'s predicted dgvpath
that is in the range of [0%, 100%; takes part in the next
hop selection procedure. It is set equal to 100% the
vehicles with fixed driving trajectory (buses) aitsl value
for private cars is set more than taxies'.

4.1 Structure of DPOR

DPOR is an opportunistic multi-hop routing prototioat is
capable of finding optimal route, considering veitéec
traffic condition and driving path of the vehicld3POR is
designed as a two phase protocol.

l. Intersection selection phase

1. Next hop selection phase

A gueue management method is also utilized to ingtbe
data delivery ratio.

Intersection selection phasé&his phase is used by the
packet carriers when approaching an intersectioneyT
calculate a utility function based on the vehiculi@nsity,
vehicular distribution and the Euclidean distance the
neighboring roads.

Regarding the defined parameters in Table 3, wtilit
function is calculated for each candidate inteisectas

messagefollows.

Vehicular density on road;; can be formulated as
Equation (1).

Nl
pij = L_U] (1)
To consider the vehicular distribution, relativedtion is
defined for each vehicle.
Relative location of nodé€k)with position(P;;) on road
7;;is defined as Equation (2).
li; = 2 )

ij — Lij

The vehicular spatial distribution can be calcudateth
the use of relative location of the vehicles ordrgaIf n,, is
defined as the number of vehicles on tm&h section,
standard deviation of the vehicular distribution raad 7;;
can be obtained by Equation (3). This informatie i
Iculated based on the collected beacons fronveheles
on the road.
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Table 3Utility function parameters

Parameter Definition

) The road from intersectioni to
intersectiorj

Ly The Euclidean distance ey

Py The position of vehicl& onr;;

Ny The number of vehicles o

gy Standard deviation of vehiculgr
distribution onr;;

D, The Euclidean distance of the
candidate intersection j to the
destination

Dy Max (D4, D,, ..., D)

I SN (/)

Oij N 3
Accordingly, the utility function is formulated &quation
(4).
Dk _Pij
O, = (37t @

The utility function depends on three parametpys,(D;).

D
Whereas /—"
Dy

distance of intersections to the destination. Aﬁfd;—
7]
determines how dense and uniform the vehicles
distributed along the route. It is obvious that iealar
distribution is more important than Euclidean dis& to
improve delivery ratio and end-to-end delay. Theref the
utility function is assumed as Equation (4) in thtisdy.
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of equal copy fields, the one with the shorter TigL
dropped.

When TTL decreases to 0, the message will be
dropped.

5. Performance Evaluation

Performance of the proposed algorithm will be extdd via
simulation in this section. To simulate a VANET reaé
stages should be passed. These three stages agebgion
vehicles’ mobility simulator, network simulator aMANET
simulator which will be explained below:

Vehicles’ mobility simulator

Road map, vehicle’s traveling scenario or some raxad
vehicles’ parameters, such as vehicles’ maximuredpead
limitation, vehicles’ arrival, departure times amdc. are
important to be used to simulate a vehicle moventdMO
is used in this study for mobility simulation ard output is
a timely changing coordinate of vehicles and tmedability
parameters such as speed, acceleration and etc.

Network Simulator:

Network simulators are usually used to simulate the
computer networks. They are also used for simugatin
VANETS to evaluating the performance of networktpools
in the presence of nodes’ mobility. DPOR is simediaby
NS2 (ns 2.35) and its performance will be compated

represents the importance of the geographicalADS, ACAR, GPSR with carry and forward protocols.

VANET Simulator:
The third part of our simulator is a VANET simulato
ayéich uses the mobility simulator’'s output in aitifymap
such as TIGER (Topologically Integrated Geographic
Encoding) database or Google earth. After thatsésuthe
network simulator to be run on this generated emvirent.
MOVE is used as VANET simulator in this study. Ither

Next hop selection phas@s vehicle f;) has a message words, VANET simulator acts as a connector between

(M) to send, it selects the best next hop vehiclenfiits
neighbors. The best next hop is the neighboringicleeh
whose driving path will pass the destination of thessage.
If more than one matching vehicle is found, thetrep will
be selected according .
WY =Fx € x v (5)

M is sent to the vehicle with largest valuelbf
In this equationF;is the vehicle's accuracy factor ands its

average speed, is a binary value parameter that is not 0 fo

the vehicles whose driving path passes the deistimat

If there is no matching vehiclen; uses geographically

greedy forwarding to select the next hop. It getesra copy

of M, denoted a#, increments the COPY field of the M and

sends it to the next greedy selected hop. It aléfetsM and
keeps carrying it until a suitable vehicle, whosiidg path

passes the destination, is found.will carry the message, if

it is in a sparse area and there is not any vehiclés
neighbor list.

Queue managemerAs the vehicles' buffer size is limited

gueue management would greatly affect the datavetgli
ratio. In DPOR, COPY field of the message indicates
number of copies; propagated in the network ane tanlive
(TTL) filed of the message shows its remaining lifieme.
Messages will get higher transmission prioritythéy have
smaller COPY and lower time to live values. Thepgiag
strategy of the buffers is as follows:

mobility and network simulator.

This simulation is done in a real street area Withrange
of 1600mx1400m. It consists of 14 intersections &&d
bidirectional roads. Average speed of vehiclén the range
of 40 to 80 kilometers per hour. This simulatiorrépeated
in different vehicular density from 100 to 300 v&hs in this
area. Each intersection is assumed to have actiagffit with
duration of 60 seconds. 10 vehicles are selectedctoas
source nodes. They send CBR traffics in the netwuith
fhe rate of 20 to 200 packets per second to fixeokss
Packets are 512 Byte long and other simulationmetars
are set according to Table 4.

Packet delivery, packet loss, packet end-to-endydate
used to evaluate the performance of protocols ig gtudy.
Packet Delivery RatioPacket delivery ratio is defined as the
number of packets received at the destination o tdtal
number of sent packets.

As shown in Figure 2(a), GPSR with carry and foxvar
has the lowest packet delivery ratio. It always ades the
'geographically shortest path to the destinationthaut
considering the vehicular density. Consequentlynesalata
packets cannot reach their destination due to the |
vehicular density on some sections of the road.

But, for almost all data sending rates, DPOR aAB®$S lead
to higher packet delivery ratio. They select thedao
forward the packet by considering its vehicular gign

Euclidean distance, and vehicular spatial distidut

g When a message arrives and the queue is full]lit w herefore, packets will arrive at the destinatiororen

be compared to the message at the tail of the que
The one with the bigger COPY field and in the case

gﬁccessfully.
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Table 4 Simulation parameters packet by considering vehicular density, Eucliddatance,
Parameter Value and vehicular spatial distribution. Therefore, paeskwill
Simulation area (R 1600m x 1400m arrive at the destination more successfully.
Simulation time (sec) 1000, each scenario is repeated 20
times to achieve results with a high
level of confidence =4=DPOR =fli=ACAR GPSR+carry&forward === TADS
Number of intersections | 14
Number of lanes 2 lanes per direction o I G U O N
Period of traffic lights 60 VEEVEEVEENVEENVE B ~—
(sec) 008 *. -F
Number of vehicles 100,150,200,250,300 'g l’* —8
Communication range 250 =06 7
(m) &
Vehicle velocity (km/h) | 40-80 204 —aa—
CBR (packet per second) 20-200 8
Network's Data transmis{ 9 0.2
rate (Mbps)
Packet size (Bytes) 512 0
Buffer size (packets) 200 20 40 60 80 100 120 140 160 180 200
E/SZT)CIe S DIIERE | Date sending rate (pkts/seconds)

According to Equation (4), which is used for uilit
calculation in DPOR, Euclidean distance takes as les Figure 2(a)Data delivery ratio against data sending rates
important role rather than vehicular density anstrdiution.
Furthermore, driving path is used to choose theé heg on =4=DPOR =l=ACAR GPSR+carry&forward  =>¢=TADS
the selected road. Simulation results show that aheve
mentioned mechanism leads to a better performance
comparison with TADS. This result was predictabéeduse
the speed of wireless transmission is much more tha
vehicles’ speed and less time duration is requioefibrward
the packet vehicle by vehicle rather than carryhng packet
over geographical distance.

ACAR has a lower delivery ratio than DPOR, becaitise
just considers vehicular density in the path s@&act
procedure and vehicular density cannot show hovformi
the vehicles are distributed on the path. Consdtyyesome 100 150 200 250 300
data packets cannot reach their destination dueth&
problem of sparse vehicular area.

In Figure 2(b), as the vehicular density increasgBSR
with carry and forward achieves very good deliveaio. Figure 2(b).Data delivery ratio against number of nodes
Because, when there are more nodes in the route,
connectivity increases and packets will be forwdrtte the
destination. =4=DPOR == ACAR GPSR+carry&forward == TADS

When number of the nodes becomes larger than 150
packet delivery ratio slightly increases in ACARedause | \
when network density becomes larger, ACAR may cloos
more dense roads to forward the packets, whichesaM\C
layer collisions and data delivery ratio cannotngigantly
increase and may sometimes decrease. But in TADSC M
layer collisions become less frequent and the tesate
better than ACAR. Consideration of vehicular disttion
leads to such an improvement in TADS compared t&\RC
But DPOR performs better than TADS, as driving path
used to choose the next hop. And packets are mvafded
to all neighboring nodes. Next neighboring nodsedkected
based on its driving path through the destinatiuh this will 20 40 60 80 100 120 140 160 180 200
reduce the collision probability. Data sending rate (pkts/seconds)

Packet lossWeek wireless links are the main reason of
packet loss in these protocols. When next hopasdoaway g re 3 Fraction of lost packets due to the weak wireless
or even out of the communication range of currestkpt link
holder, packet loss will be occurred. Because efrdasons

that are mentioned above, GPSR with carry and fahis :
expected to have the highest packet loss ratioshsvn in  Path selection procedure. Consequently, some dataefs

Figure 3 simulation results confirm this expectatio cannot reach their destination due to the probléraparse

But for almost all data sending rates, DPOR and $ADVehicular area.
lead to lower packet loss. They select the roddnard the ~ ~acket End to End DelayEnd-to-end delay reflects the
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time duration; it will take for a packet to be remsl at the confirm this claim and packet duplication ratiolésv and
destination. acceptable in this protocol. As the vehicular dgnsi

In Figure 4(a), end-to-end packet delay is shown imcreases, number of neighbors whose driving pallhpass
different data sending rates. GPSR with carry asrevdrd the destination increases. Therefore, packet datjic ratio
has the highest end-to-end delay because lotsakemare will become even lower in higher network density.

buffered when there is no next hop available. Sitlee
velocity of vehicles is much slower than the spe=fd
wireless transmission, ACAR has relatively lowed-¢o-end
delay compared to GPSR with carry and forward. Ar
interesting result is that when the data sendit® get closed
to 170 pkt/sec or when the number of vehicles mees to
200 nodes (in Figure 4(b)); GPSR with carry andvéod
shows lower delay compared to ACAR. This is becaafse
the forwarding rules in ACAR. When more packets are
injected on a single route, there will be more pmack
collisions and longer queuing delays. In this ctiodi end-
to-end delay will increase in ACAR.

As it is shown in Figure 4(b), as the vehicular gign
increases, DPOR achieves the lowest end-to-endy del
because it has anffigient way of intersection selection,

which guarantees packets to be sent to the ddstinaith a

ication ratio
(pkts/second)

Packet dupl

DPOR

0.16
0.14 +—
012

o
=
i

008 1— —
006 T— —
004 — —
002 — —

100 150 200 250 300
Number of nodes in network

lower delay. And in next hop selection stage, usifighe
driving path information will effectively increaghe chance

Figure 5.Packet duplication in the network

of finding the proper forwarding node, which redsithe 6- Conclusion

number of hops involved in packet delivery and thusre
desirable delay will be resulted.

=4=DPOR =fll=ACAR GPSR+carry&forward === TADS
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Figure 4(a)End to End delay against data sending rates
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w
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A new protocol (DPOR) was proposed in this studgdal
on the assumption that each vehicle is capableedigting
its driving path. This vehicle trajectory predictiocan
provide new opportunity to forward data packetsrirstatic
locations to the mobile vehicles or even betweemdwmore
mobile vehicles. This protocol is composed of tweages:
intersection and next hop selection phases. Ayufilinction
is calculated for the selection of next intersettiavhich
depends on the link quality and the Euclidean disteof the
intersections to the destination with different orjant
degrees. Vehicular density and also vehicular ibigion
affect the amount of link quality. After the intecdion
selection, proper next hop will be selected congidethe
neighboring nodes’ average speed, their driving jpaid the
accuracy factor of the predicted driving paths. Bation
results showed that DPOR achieves a higher delivatip
and lower end-to-end delay compared to other podéosuch
as GPSR with carry and forward, ACAR and TADS.
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