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ABSTRACT

Aiming at the problem of network disconnection in vehicle networks, this paper proposes a broadcast protocol based
on exigting carry-forward mechanism, which aimsto shorten there-healing time between nodes by using roadsi de fixed
infrastructures. The information transporting process and re-healing time algorithm were analyzed in detail in two
scenarios, and were compared with SCB and SCF mechanismsby the simulation experiments. Theresults show that the
proposed broadcast protocol based on roadsideinfrastructures can significantly reduce there-healing timein the case

of network disconnection.
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INTRODUCTION

Ininter-vehiclecommunication (1 C) systems, vehicles
rely on broadcast to share emergencies, traffic
conditions, weather and road data, and to disseminate
the advertisementsand notifications. However, thehigh
speed of vehicle movement reduces time using for
exchanging informationand causestherapid and frequent
change of network topology, resulting inmore unstable
wireless channels. Therefore, the traffic information
broadcasting protocol that can fit for the basic
characterigticsof vehicular Ad Hoc network (VANET)
and meet therequirements of driversneedsto meet the
following conditiong[1]: it can support high-speed
movement of nodes, ensurethereal-time, reliable and
reachable of information announcing, possess high
resourceutilizationrate, fit for harshchannel environment
of wireless network, provide strong scalability and
robustness, aswell asprovidefair chances of sharing
resourcesfor various applicationinformation.

BACKGROUND AND RELATEWORK

Mobile Ad Hoc network (MANET) has developed a
large number of unicast routing protocols. However,
these protocolshavetheir own featureswhich cannot
be directly used for VANET. The researchers have
developed unicast routing protocolsfor VANET[ 2-6].
Most of these protocols use alocation-based greedy

algorithmto achieve communication among cars. The
location-based algorithmisto use the coordinates of
nodesor theinformation related to the relative position
to generatean effectiveroute by network[2-3]. In sparse
VANET, theprotocol using for routing packetsiscalled
a delay-tolerant routing protocol. In some specific
network environments, such asinterstellar networks,
military Ad Hoc networks, sensor networksand VANET,
they often appear the case of disconnecting network so
asto not ensure the end-to-end path of the messagesin
thetransmission process, thistype of networkiscdled a
delay-tolerant network (DTN). In this case, the
establishment of the end-to-end route may not be
possible, so the references[6] and [7] use the carry-
forward method to recover the connection between
nodes.

Most of the researches on VANET focus on
broadcast storm problem in high-density network
topology, all of which are based on the well-connected
VANET. According to vehicle traffic data from
Cdlifornias|-80 highway, the reference[8] found thet in
the caseof 100% equipment availability (i.e., al vehicles
are equipped with wireless communications), the
probability of network disconnection on the highways
lateat night reaches 35%. And thenetwork disconnection
can beobserved evenwith alarge equipment alocation
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rate during the commuter rush hour whilethe network
connectionisgood. Obviously, the problem of network
disconnectionisanimportant research field, it isnecessary
to develop areliable and efficient routing protocol to
support highly diversified network topologies.

Aiming at the problem of network disconnection
existing in VANET, with the existing carrying and
forwarding mechanism, this paper proposes a novel
broadcast protocol based on roadside units (RSU) so
as to shorten the re-healing time for recovering the
connection between nodes.

Store-Carry-Forward Mechanism (SCF)[9-10]
usesareversemoving vehicle asaforwarder to senda
messageto thenext cluster (the vehicleswhich movein
the same direction and can only communicate each
another with the mode of one-hop or multi-hop belong
to the samecluster). But the message can only be send
to thefirst vehideinthe next duster. Whenthe popularity
rate of dedicated short-range communication devices
(DSRC) isnot sufficient, the number of disconnected
nodes increases, and the number of SCF operations
performed by the reverse forwarder increases so asto
increase the SCF overhead.

In order to reduce the SCF overhead, when a
forwarder can performmultiple SCF operaionsbetween
the continuous disconnected nodes, it is necessary to
avoid alocating multipleforwarders. Therefore Store-
Carry-Broadcast Mechanism (SCB) [9] is proposed.
In SCB, the node Sisdisconnected fromthe subsequent
node V1. As shown in the figure below: S sends a
messageto X (reverseforwarder) /1, ..., VK (thenodes
withinthe broadcast range 2R)?X checksif thereisan
neighbor node X' close enoughto thenode Vk+1, if so,
X "becomes new forwarder. Otherwise, X continues.
Vk + 1isdisconnected from Vk, thentheforwarder will
broadcast messagesto the next cluster beginning with
Vk + 1AWhen the forwarder discovers that the first
vehicle outside the broadcast range connects to the
vehicleinfront of it, it will discard this message.
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The above two mechanisms cannot guaranteethe
waiting timethetail vehiclesinacluster encountering the
reverseforwarders. In particular, thereisalonger delay
when the DSRC deviceshave alower popularity rate.

RSU-BASED BROADCAST PRO- TOCOL
MODEL

When studying the datapacket transmisson problemin
VANET, the researchers need to distinguish two
situations: (1) asecure message isbroadcasted to the
rear vehicle, that is the source vehidlegeneratesawarning
message after detecting the accident and sends the
warning messageto therear vehicles. Therear vehicles
can get this warning message before it reaching the
potentially dangerousregion. (2) When thetarget node
isfar fromthe sourcevehicle, the messageissentto a
specific node in a distant place. The number of hops
required for the packetsto reach the destination depends
onavariety of factorssuch asthedistance betweenthe
sender and the destination and the path by which the
packet istransmitted.

3.1 Broadcasting secure messages to the rear
vehicles and the algorithm for the re-healing
time

For the situation sending secure messagesto the rear
vehicles, based onthefollowing six rules, RSU canbe
applied to broadcast protocol model.

(1) Whenthesource vehicleV detectsadanger or
accident, it broadcasts a secure messageto the
next neighboring nodeinsdethe samecluster,
whichmay beRSU or arear vehicledrivingin
the samedirectionasV  (thedirectionof V is
destination direction).

If recelvesasecure message, RSU will regularly
broadcaststhe securemessage to the oncoming
vehicles. Becauseof the broadcadt for the secure
message, VANET can reduce the amount of
broadcast overhead.

(3) Whenthesecure messageisnolonger necessary,
RSU discards the secure message, stopsthe
broadcast, and waivesthe security warning.

(4) If RSU isnot deployedinthecluster of V , the
vehicle V, which is the tail vehicle of the V|
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cluster) will undertake the responsibility
designating the forwarder for messagesrelay.

(5) Theneighboring vehiclemovinginthereverse
directiontoV, isselected asthe forwarder.

(6) Once received the security message, the
forwarder carriesthe message and passesit to
are-healingnode(RSU orV, _ ). Thisrulecan
help to reduce the number of hopsfor there-
hedling, whichisimportant to reducethe number
of broadcast branchesinthe high density region
of vehicleinVANET.

After anaccident, the source vehiclegeneratesand
sendsasecure messageto therear vehicles. According
to therdativelocation of the sourcevehicleand RSU,
there arethetwo scenariosto discuss.

3.1.1 RSU being within thetransmission range of
the source vehicle cluster

Because RSU (U,) locatesinthetransmissionrange of
the sourcevehicle duder, thenodeswithintheV  cluster
cansend it to the U, when the secure messageissent by
V, asshowninthetwofiguresbelow. It should benoted
that thevehicleV_ doesnot need to bethelast vehiclein
theclugter.

According to theexperimenta datainthereference
[11], the vehicle density obeys the exponential
distribution. The distance between two driving vehicles
along the eastbound road can be represented by the

vehicle density », e Thenumber N(r, ) of vehiclesin

theintervd r, (thedistancebetween thesourcevehicle
and therear first RSU) obeysaPoisson digtribution.

(A1)

BIN.(r,)=n)=e [ (1)

7
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Assuming there are n vehicles withinr,, , and the
distance betweenthei-1 vehicleand thei vehicleisw, ,
w(n) = maX,_,{w} .According to theincreasng mode
of Poisson distribution, n vehicles are uniformly
distributed in the r, range, based on the results of
stochastic partitioning of intervasinthereferences[12-
13], we canget thefollowing formula

B =[w(n) <R|N,(r;)=n]

:mmﬂ%ﬂﬂ”} [n-l.-lJ(_ 1),-(;@ —jRJ” 2)
Jj=0 J 1y
n=1  (n+)!
Where i [ iy represents the number of

arbitrarily taking j numbersfrom n+1 numbers.

Thefunction W9 =P[wr)<RN,(§=n 1 isdefined as
the functionwhich can caculate the probability that the
remaining clugter length (fromany vehicleonthefreaway)
isgreater thans-R(s>R). Considering the possble values
of non r, and puttingit into theformulas (1) and (2),
we can get thefollowing formula.

- s [:/R](_ 1)] 0 3
D e M (3)
The probability that the next RSU is within the

transmissonrange of the sourcevehicleis.

n+1

(s = jROT

Dy

@ [rL-R] R\
B= PR = - [ 3 AR
[+ A = ROy
Where D isthe distance between two neighboring

1
RSU, and Ry () = 5~ isthe density function of r, .

3.1.2 RSU being not within thetransmission range
of the source vehicle cluster

WhenU, isnot withinthetransmisson rangeof thesource
vehicleclugter, i.e., thedistance between U, andthelast
vehideV, inthesourcevenideduster isgreater thanR(the
figure below), the traffic secure message is stored and
forwarded to thereversedriving vehicle X, theX rdaysthe
messageto U, or thefirst vehideV, , inthenext clugter.
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Whenthe next nodeisRSU (thefigure below), the
following U, is the re-healing node and the distance
between U, andthevehicleX isr -r -R+x . Atthistime,
there-hedingtime E[t ] the secure messagebeing sent
to thenext node is gpproximatethe formulas.
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Efty ]~ -+
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v, J.U(l —W(s))ds

Herethex  isthedistancefromthecovering range
of thelast vehicleinthe sourcevehicle cluster tothe X.
Thedigancebetweenthevehidesinthewestbound road

is EIX] = ¥, wherethe 1, isthevehicledersity in
the westbound road. The probability that the vehicles

V;—V, areclosely connectedintheinterva r_(i.e., the

disance between two continuousvehiclesislessthan R)
isW(r ). Inthis case, if there is no connected vehicle
behindV  (i.e., k=0) thenr_= 0and the corresponding
probability isP [w>R]/1-W(r ). If thereis at least one
connected vehicle(i.e.,, w,<R) behind V thenr >0and
the corresponding probability is 1- W(r )- P [w >R]/1-
W(r ). Therefore, thereistheformula (6).
LJ. r.W(r,)dr,
Elr, | ry]=~ =%

[w @),

1-W(r,)—e ™"
X
1-W(r,)

(6)

Whenthenext nodeisV, , (thefigurebelow), V, .
isthere-healing node, the distance w, betweenV, and
V,,,islessthan R, andthedistance between X and V|
is X +X . The speeds of vehicles X and V,, are
respectively v_and v , assuming A, = 4, = 1, there-
hedling time which the secure messageistransmitted to
the next nodeat thistimeistheformula(7).
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Combined with the formulas (5) and (6), the re-
healing timefor the secure messageto be transmitted
the healing nodeisasfollows.

Elt,1= (1= P)(Elmin{t, .1, }]) <
(1= P, )(min{E[z; ], {1, 1}])

Theresult of theformula(7) isthe upper limit of the

re-heaing time.

(8)

3.2 To send a message to a specific node

When the vehicle V , needsto send one packet to the
vehicleV , if the V isin the vicinity of V , the V
broadcaststhepacket totheV . Otherwise, theV , sends
the packet to its nearest RSU (U.). If the U, hasthe
locationV, (indicating that theV  isat the periphery of
U), thepacketissenttoV , otherwisg, it sendsapacket
containing V, for inquiring location to al RSU’s
neighbors. If the U,’s neighbor RSU (U2) knowsthe
V, location, it sends a acknowledge ACK to the U,
andthe U, forwardsthe datapacket to U, so asto send
ittotheV . IftheU, doesnot receivetheACK withina
certain period of time T, it sends a location query
messageto al RSU outsdethe 2-hop (thet is, all RSU
neighbors of theRSU neighbor), and then outsdethe 3-
hop, and so on. This operation continues until the U,
receives an ACK related to the V location or has
checked all RSU.

TheRSU sendsthe packetsto thevehicle, and first
needsto predict thelocation of the vehicle. Asshownin
thefigurebelow. RSU (V) predictsthelocation of theV
whenit recelving the packet P accordingto thelocation
of thevehicleV, the average speed, and the direction of
thelast sending beacon.
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Assuming that the last beacon received by the U
fromtheV showsthat thedisancebetweenU andV is
d,, thetimestamp st , and the vehicle V wastraveling
toward left at speed v,. After thetimet , the distance
traveled by the V is d =v (t-t,)+d_ (the d_ is the
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additional distancefor the secure condderation), and the
distance betweentheU and V isd -d . If the direction
of theV isreverseto the U, thenthedistance between
the U and V is d +d_. Due to the formula

+ t

= dl+ ddf (t +v_dl) +l, where the r is the
transmission range of the U, the t  is the average
transmission time between two neighboring nodes, the
t,and d" are the average time and average distance
respectively carrying the packets by the vehicles, and
thet_isthesecuretime. Thedistance of theV moving is
d=v,t. whenthe packet Pismoving ontheway. And the
distance of the V fromthe U is d =d +d when the V
receivesthe P. So the areaA _ arrived by the P can be
inferred based onthe above. If thereisno intersectionin
the road wheretheV moves, theA _canbedefined asa
circlewiththe center whichistheinferred coordinates
for receiving the Pby theV, and theradiusisthe error
factor r_of thed (itisgenerally set to 0.3d). Otherwise,
theA_ isdefined asacircle withthe center whichisthe
intersection coordinates, the radiusisther_. The U
delivers the packet to the vehicle inthe A_ so asto
forwarditto theV.

L

SIMULATION EXPERIMENTS

SCF, SCB and the proposed protocol aresmulated in
the Qualnet environment. The Pathloss model is
configured to use the Street microcell model in the
experimentd scenario.

Mohility and Placement configurationisasfollows:

Node-position-file Opportunity.nodes

Mobility filesNONE

Mohility-pogtion-granularity 1.0

The node wireless subnet and network interface
parameter format isasfollows:

Subnet N8-169.0.0.0 {0 thru 40} default [N8-
169.0.0.0] PHY-RX-modd PHY 802.11b NETWORK -
PROTOCOL IP

Other parameters: thelength of theroad is 300km;
the speed rangeof the vehicleis10~40knvh; the number
of nodes is 100; theinterval of Hello messageis 10s;
MAC protocol adopts 802.11b.

Inthe casethat dl vehiclesareequipped with DSRC
equipments, thesimulation resultsby using the proposed
protocol inthis paper for the different number of RSU
and vehicledendity areshown inthefirst figure beow. In
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the casethat the equipped ratefifor DSRC equipments
isrespectively 10%, 50% and 100%, there-heding time
of SCF and SCB tested by the smulation experiments
was shown inthe second figure below.

5
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It can be seen from the first figure above: the re-
healing time decreases as the vehicle density

A.ad A, increase. When , = 4,, > 20v/km, there-healing

time islessthan 0.1s. The reasons are that when the
number N, of RSU islarger than 0, inmost cases, the
traffic secure message can be transmitted to one RSU.
For N, =0, ifthe€ and & arelargeenough, themost
vehicleson thefreeway can also be connected, so the
re-healing time is generally short. Comparing the
proposed protocol with SCF and SCB, it can be seen
that the re-healing time of the proposed protocol is
shortest. Taking the vehicle density &=10 v/km as an
example, there-heding time of SCFis4~6s, and here-
healing time of SCB isabout 20s. Inthe casethat the
RSU are used, the re-healing timeislessthan 1s. And
when thevehicledengty issmaller, theadvantage of the
proposed protocol iseven more obvious.

CONCLUSION
For the problem of network disconnectionin VANET,
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thispaper applies RSU to the broadcast protocol based
on the analysis for the mechanism of carrying and
forwarding. The experimentsshow that the deployment
of RSU greatly reduces the transmission delay for
VANET, and themorethe moving vehiclesontheroad,
theshorter there-heding time. Taking into account the
high density of vehiclesin urban aress, it can reduce the
problem of broadcast sormfor VANET indowntowns
by RSU. On the other hand, although the density of
deployed RSU can be controlled, the high cost of RSU
still causesit to be unable to be deployed widely, and
the further researches are needed for the deployment
schemefor RSU.
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