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ABSTRACT

For the problem troubling the related researchers for sharing resource in VANET, a scheme for effective sharing
resourceisproposed. Its purposesareto raisethe successful ratio for sharing resources and thetransmission efficiency
as well asreduce the communication cost and the latency for sharing resources. The scheme designsfour strategies
including inquiry, answer, replacing resource and notification because of achieving resource, to achieve the above
purposes. Based on thereal data on vehiclesrunning, the experiments show that, compared to the other two schemes,
the proposed scheme has the higher ratio of sharing resources and transmission as well as lower latency and

communication cost.
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1. INTRODUCTION

Internet of vehicles'\VANET ) isawireless network built
by the running vehiclesinroads. Recently, asakind of
mobileinternet, VANET wasaresearch focuswith the
spread of mobile internets. It can get traffic security,
navigate and optimize route selection aswell asamuse
€tC.

How to achieveresource sharing ismeaningful and
worthy researchissue. Inred life, whenvehideisrunning,
thedriversor passengerscould want theresourceswhich
are nonexistent in the local memory. Under this case,
they can send theinquiry informationto the other vehicles
by VANET s0 asto get theresponsefromthe vehicles
that havethoseresourcesto achievethe resource sharing.
But theresource sharing of VANET isachallenging.
First, theinquiry vehicle doesnot know the location of
the vehiclesthat havethe required resourcesso that the
goal vehicles are uncertain. Namely, the information
sourcedoesnot know theinformation destination so that
all of therouting protocolsin VANET cannot efficiently
work. Second, inthe process of resourcereturning, the
receiver of resourceismoving accordingto thedriver’s
willing so that the location of receiver isuncertain. And
how to return theinquired resources to the inquiring
vehiclethat itslocationisuncertainisachalenge. Lagt,
whentheinquiring vehidereceived theinquired resources
there could till bethe other vehicleswhich are attempting
to returntheinquired resourcesto theinquiring vehicle

leading to making the extracommunication cos. Soiit is
necessary to design a notification policy when the
inquiring vehicle received the inquired resources to
reduce the communication cast.

Thiswork proposeascheme with sharing resources
(ERS) s0 asto increasethe successratethat thevehicle
gets the inquired resources and reduce the
communication cost and the latency for getting the
inquired resources.

2. Relate Work

Asanemerging application, VANET ispaid attention
and become a research focus*3. Of their researches,
some focuson therouting. I n epidemic routing®®, they
exchangetherouting informationwhichisnot existing in
therouting list of counterpart for having the consistent
routing informationwith each other whentwo vehicles
meet. The epidemicrouting hasthe high successrate of
sending and low latency, but itscommunication overhead
ishuge. For the spray-and-wait and spray-and-focus
protocolsinthereferences[4] and [ 5], thesourcevehicle
makes L replicas of requiring resource message and
sendsthemto the other vehicles. Whenany vehicle that
hastherequired resources meetsthe sourcevehicle, it
sends the required resourcesto the goal. Both of the
spray-and-wait and spray-and-focusprotocolshave a
shortcoming: the parameter L ispreset and cannot be
changed. Different network, therequired L isdifferent,
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so they could not achieve ahigh sending successrate
and a low communication cost. The reference [6]
proposesarouting protocol cdling OPF, Intheprotocol,
theinterval that any two vehiclesencounter againiscalled
the encountering interval. According to the encounter
interval, based on First Stop Theory, inthe case of given
number of timesfor sending message, OPF can maximize
the sending success rate. The author make tow
assumptionsfor OPF: first, for any two vehiclesinthe
system, it assumes that they follow an exponential
distributionwith parameter i;; second, inthesystem, it
assumesthat the average encounter interval from any
two vehicles has work out according to the history
information of traffic department, and any vehicle saved
the average encounter interval of any two vehicles. The
second assumption needs acertain amount of storage
space.

The reference [ 7] proposes a scheme for sharing
content called Roadcast. When a vehicle inquiries
resources, theschemereturnsthe datawith highsmilarity
to the vehicle according to the similarity between the
inquiring and the local data. Roadcast calculatesthe
similarity between the inquiring and the local data
according to the matching degree of theinquiring and
thelocd dataon the keywordsand the popularity of the
local data. The greater the matching degree or the
popularity of thedatais, thegreater thesmilarity is But,
the scheme is shortcoming that it is possible that the
inquiring vehicle getsthe datawhichishigh popularity
and low similarity. And because of thelow smilarity, the
inquiring vehicle could not need thesedata. Moreover,
when inquiring, Roadcast only consisde theinquiring
withinonehop, namely, theinquiring vehicdleonly inquiries
hisneighboring vehicles. It could lead to the high latency.

Some researches on VANET focus on broadcast
and unicest. Hooding!® isabroadcast protocol withwide
application. When sending information, source vehicle
broadcast informationtoits neighbors. Oncereceiving
theinformation, its neighbors keep to broadcasting it.
Hooding easlly leadsto Broadcast Stormso asto make
thehuge communication cost. Direct Transmissionisa
unicast-protocol. When needing to send informationto
destination vehicle, sourcevehidekeepstheinformation
until encountersthe destination vehicle. Althoughthe
communication cost of Direct Transmissionislow, its
sending successrateislow and thelatency ishigh. The
inquiries based on Hooding and Direct Transmission can

all resolvethesharing resource of VANET, but they are
not efficient schemeson resource sharing. Insmulation
experiments, thiswork proposesaschemeonresource
sharing(ERS), and compareswith Flooding I nquiry and
Direct Transmission I nquiry.

3. PROBLEMSPRESENTATION

3.1 System model

INVANET, thereareatota of [N| vehicles, usngaset N
to indicate. These vehiclesrunin roads according their
drivers willing. Each vehicle kegpsan on-board GPSand
eectronic mgp. Theon-board GPS can provideaglobdly
uniquelD i, location, and current timeinformation and so
on. Thedectronic map can providetheglobd ID of every
crossing. Moreover, each vehicle still carries some
equipment withthecapaility of computing, communication
and saving. When the Euclidean distance of any two
vehiclesingeographiclocationislessthan or equal to the
communicationdistance, thetwo vehiclesarecalled to
encounter and areneighborsto eech other. If two vehicles
are neighborsto each other, they can communicate each
other. For any vehicle, it cannot receive and send the
informationin sametime. And it cannot aso receivethe
informationin sametimefromthedifferent information
sources because of thesignd collision.

For finding neighborsamong vehicles, each vehicle
sends periodically probe message (e.g., for every ten
seconds) so tha they canfind it intimewhenthevehicle
goesinto thecommunication range of the other vehicles.
Generally, the generated communication cost for the
probe messageisvery short and canamog be neglected.

Each vehicle saves some resources in the local
memory which are pictures, audiosand videosetc. Each
resource can be provided to the vehicles which are
requiring it by VANET.

3.2 Problemsdescription

For VANET, when avehiclerequiresaresourcethat is
not exist inthe local memory, it makesaquery message
in VANET. It generally namesthe vehicle the source
vehicle. The source vehicle setsalifetime for aquery
message. Any vehicle receiving the message and having
the required resource returnstherequired resourceto
the source vehicleso asto achievethe resource sharing.

Theresourcesharing in VANET includethat how to
inquire and reply. Theindex for the resource sharing
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includes the success rate, the average latency, the
communication cost and the efficiency. Thesuccessrate
indicates the ratio between the numbers received
resources by the source vehicle and the numbers sent
message for inquiring resources. The average latency
indicates, among all of resources successfully received
by the sourcevehicle, theinterval of averagetimefrom
making the inquiring message to receiving the
corresponding resource. The communication cost
indicatesthetota of number of times sending messages.
Theefficiency indicatesthe ratio betweenthe numbers
received resources and the communication cost.

Asandfficient theway for sharing resources, it should
achievethe high successrate and low average latency
asmuchaspossible. Moreover, it hasthe high efficiency
and low communication cost.

4. EFFECTIVE RESOURCE SHARING
SCHEME

This section describesin detail the effective resource
sharing way named ERS proposed inthis paper. ERS
includesfour grategies. Query strategy, replying strategy,
Replacing strategy of resource and | nforming strategy
of recelving resource.

4.1 Query strategy

This section designs aquery strategy that the source
vehicle send query message according toit. Thegod of
thequery strategy isto raisethe successrate of resource
sharing and reduce the latency and communication cost.

When needing aresourcethat isnot exist inthelocal
memory, the source vehicle make aquery message with
ID whichisconsist of thel D of the sourcevehicle and
thequery ID. Thequery ID can be structured according
to the query sequence of the source vehicleand isthe
global unique. The content of the query message is
consisted of the ID of the query message, the query
request for the required resource and the lifetime of the
guery message. Moreover, for the conveniencethat the
vehicleshaving the required resourcesrepliesthe source
vehicle, the content of the query message still includes
the current time, thelocation of the source vehiclewhich
can get fromthe GPS on board and the future running
route expressing thecrossing I D sequencewithin digital
map of the sourcevehicle.

Becausethelocation of thevehiclewith therequired
resourceisunknown, to achievethequery in ERS, the
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source vehicle sendsthe query messageto hisneighbors
every some seconds (e.g., 60s) in VANET until the
source vehiclereceivesthe corresponding resource or
thethelifetimeof thequery messageends When receiving
the query, aneighbor withtherequired resourcereturn
the the required resourceto the sourcevehicleintime.
Under the condition, theresource can bereturned to the
source vehicle on the one-hop way because of the
neighbour relationship. If the source vehicle do not
receivetherequired resource until theend of thelifetime
of the query message, it make thequery message again
inVANET according to the same query strategy.

Infact, the vehicles encountered by avehicleat a
certain moment areapart of dl vehiclesin VANET. Due
to this, only depending on the query from the source
vehicle, the high successrate of the resource sharing
and low latency cannot achieve. For resolving the
problem, when making the query message, in ERS, a
neighbor sdlected by the source vehideinquirestogether
withaneighbor selected by it. Assuming that aneighbor
v, isselected by the source vehicle, it sendsthe query
message of the source vehicleto its neighbors every
some seconds (e.g., 60s) in VANET until it hearsthe
response from a vehicle or the lifetime of the query
message end. Once received the query message from
v, avehiclewiththerequired resourcetimely returnsthe
resourceto the source vehicle. Because of the neighbor
relaionship, v can hear theresponse S0 asto end sending
the query message.

This paper proposestwo methodsto sdlect v, : the
random-based selection(RAN) and the activity-based
selection(ACT). In RAN, the source vehicle selects
randomly avehiclefromhisneighborsasy,. AndinACT,
based onthe vehicle sactivity, thesource vehicle sdlects
avehiclewith highest activity asv, from his neighbors.

It assumesthat the begin activity of every vehicleis
1. And it setsatimewindow(e.g., 1h). When new time
window begins, a vehicle can compute hisown activity
a_inthecurrent window according to theformula(1).

(1)

Where v, denotes the of number vehicles
encountered by the current vehicle in the last time
window, and a denotesthe activity of the current vehicle,
and ¢ isacoefficient and thevalueis04 1. InERS, is
0.6. fromtheformula (1), the morevehiclesavehicle

a,=axv,+({l—a)xa,
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encounters, themoreactiveit is. To make other vehicles
know itself activity, whenever sending aquery message,
avehicle must send the query messageto its neighbors
together with hisown current activity.

4.2 Reply strategy

Inthe query strategy, avehiclev, havingtherequired
resourceand responding the query may isnot neighbour
withthe sourcevehicle. So it isnecessary to designa
route so asto returntherequired resourceto the source
vehicleaongit. Thissectiondesignsareply strategy on
which v, canrouteand reply to resource based so asto
reducethelatency and communication cost.

ERS designs a route based on road for v,. v, can
returntherequired resourceto the sourcevehicleon multi-
hop way aong theroute. Thereferences[10,11] show
that boththetimeavehicletravelsonaroad and amessage
istransmitted on aroad follow the gammadistribution.
And the respective mean of them can be worked out
according to thetraffic offices’ historic information. It
assumesthat these mean saved into thememory of every
vehiclein VANET. v, canget thetime the query message
ismade by thesource vehidle, thelocationand thefuture
running route of thesource vehiclefromthe query message
of thesourcevehicle. So v, can get the mean value of the
time that the source vehicle passes through every the
crossingsinthefuture. Thetwo stepsmaking therouting
from v, to the source vehicle: a): v, selects a crossing
among al crossngspassad by infuture asthe god crossing.
With the Dijkstraalgorithmaccording to the meantime
spending ontransmitting amessage onapath, v findsa
path with minimummean timeto send resourcesto the
god crossng. Therearetwo Stuationswhentheresources
are sent the goal crossing by v, : @ The meantimethe
resourcesarrive at the god crossing isearlier thanthe
meantimethesource vehiclearivesat the goa crossing.
Inthisgtuation, it transmitstheresourcesaong thedirection
oppositeto thevehicletraveinginfutureuntil thefina
crossing i, so asto meet that themeantimetheresources
arivingat i, islater thanthesourcevehiclearivesa i .. b)
Themeantimetheresourcesarriveat thegod crossngis
later thanthemeantimethe source vehiclearrivesat the
god crossing. Inthissituation, it transmitstheresources
alongthesamedirectionasthevehicletraveling in future
until thefinal crossing i, so asto meet that themeantime
theresourcesarrivingat i | isearlier thanthesourcevehicle
arivesati.

Now, it isto present how to select thegoa crossng.
Computing the mean latency arriving at acrossing to
send theresources, v, sdlectsacrossing withtheminimum
mean latency from all crossings passed by the source
vehicle in future as the goal crossing. Based on the
formula (2), v, computes the mean latency D(i ) the
resourcesarriving a thecrossingi_

D(ic) =D(viic) + D(icig) (2

Where D(v,i ) isthe meantimefor transmitting the
resource from the source vehicle to v_based on the
Dijkgraagorithm.

During theprocessreturning the resourcealong the
selected path, it generates high communication cost if
every vehicleforwardstheresource. For reducing the
communication cost, ERS adoptstheforward strategy
based on distance. v, isthe vehicleto send theresource.
When v, forwards the resource to its neighbors, a
neighbor v_computestheir ownwaiting timet basedon
theformula(3).

tw=(r-d)xtg (3

Wherer iscommunication distance, d isthedisance
betweenv, and v, t denotestime granularity and can
be milliseconds(e.g., 1ms). Theformula (3) show that
thefarther the neighbor isfromv,, theshorter itswaiting
timefor forwarding. So, the furthest neighbor fromv,
can first forward the resource. When listening this
forwarding, the other neighbors don’'t forward the
resource so as to reduce communication cost. Inthe
case of network disconnecting, namely, v (thevehicle
currently forwarding the resource) can not hear any
neighbor to keep forwarding the resource, v, would use
agtore-cary-forward strategy.

4.3 Resour ce replacement strategy

During theprocesswhich theresourcesarereturned the
sourcevehicleaong therouting path fromthevehiclewith
therequired resources, the vehiclesrunning ontherouting
path canget theresources. INERS, whenavehicleget a
resource, although needn’t theresource, it can fill save
theresourceinthelocal memory S0 asto thecheck from
the other vehicles. With the accumulation of time, the
number of saved resourcescan lead to theshortage of the
local memory S0 asto need to delete someresources. So
it isnecessary to design aresource replacement strategy
for preventing shortagefromthe memory soace.
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In ERS, it computes resource valuer for every
resource according to theformula(4). When thelocal
space of a vehicle is shorter than a designed
threshold(e.g., 100M), it denotesthat thelocal spaceis
insufficient. Inthiscase, thevehiclecanddetetheresource
with minimum valuein turn according to the resource
value until the local space of the vehicleisbigger than
thedesigned threshold.

(4)

Where r denotestheresource popularity, r denotes
thememory sizeusing by theresource. Theinitia vaue
of popularity of a resource is 1. Once a resource is
returned to the source vehicle, the popularity of
correspond resource of the vehicleisincreased by 1.
From the formula (4), the value of a resource is
proportiond to itspopularity, and inversely proportional
to the spacesize using by theresource. Therefore, the
greater the popularity of aresourceis, or thesmaler the
using spaceis, thegreater the value of thisresourceis.

Rv=17r,/r;

4.4 Received resour cenotification strategy

When the source vehicle receives the resource, there
may still be some other vehiclesthat are helping it to
query or replying to the resource, causing unnecessary
communication cod. It isnecessary to designareceving
resource notification strategy to notify the other vehicles
whenthesourcevehicle receivestheresource. If judging
that the source vehicle has received the resource, the
vehicle that is helping the source vehicle to query or
replying to theresourceswill not keep to query or reply.

INnERS, every vehicle savesabinary vector of size
1000 bitsintheloca memory. Asmentioned before, the
ID for query message, whichisused to query aresource
by avehicle, isglobally unique. If aresource hasbeen
received, the ID of it issaved in abinary vector of size
1000 bits based on the algorithm Bloom Filter('2%3 by
the source vehicle. A vehicle will sends the detecting
messagewith itsown binary vector, becauseof thesize
of 1000 bits, thecommunication cog isvery smal. Once
received the binary vector of this vehicle, the other
vehiclesupdatethelocal vectorswiththelocal vectors
and the received vector based on a “hitwise OR”
operation. Every vehicle can check aquery message D
based on the binary vector in the local memory to
determine whether the source vehicle received the
resources or not. To reduce the probability of
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migudgment, If morethan 50% of the bitsinthe binary
vector sored by acar are 1, thecar will reset dl the bits
of itshinary vector to 0.

When using the binary vector to save the query
message | D, Bloom Filter requires severa hashfunctions
that areindependent of each other. The hash functions
work out hash addressaccording to theID, settingthe
bitscorresponding to thehash addressinthe binary vector
to 1. ERS adopts four waysto respectively build four
hash functions: (a) Midsguare Method. After thevalue
of the query message | D issquared, the middle 3 bits
are taken as the hash address. (b) Divide and Leave
The Remainder Method. After dividing thevaue of the
query message | D by 997, theremainder isused asthe
hash address. (c) Radix Converson Method. Thevaue
of the query message | D is considered asahexadecimal
number and convertsit into adecimal number, taking
the middle 3 digits as the hash address. (d) Pseudo-
Random Number Method. This method calculatesthe
hash address Hash(key) according to formula(5).

Hash(key) = (13xkey+11)%1000 ©)

Where Hash(key) denotes the hash address, and
key denotesthe query message ID.

Success Rat
les|
=]
2

Figurel. The comparison result of the successrate

5. SIMULATION

5.1 Experimental method and parameter setting

In the simulations, the proposed protocol ERS is
compared with thequery based onflooding and the query
based ondirect transmisson. Thequery based onflooding
iscdledflooding query(FQ) for short; the query based
ondirect transmission is called direct query(DQ) for
short. In FQ, the source vehicle uses the flooding
broadcast method to query, and the resource-owned
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vehicle usestheflooding broadcast method to reply. In
DQ, the source vehicle sends query messages to its
neighbors every 10 seconds. If one of itsneighbors has
theresources, it will immediately reply the resourcesto
the source vehicle. In addition, the simulation also
comparesthetwo methodsRAN and ACT for selecting
sourcevehiclev, . Performanceindicatorsfor comparison
include communicationcost and efficiency.

The amulationusesthe collected real driving dataof
the vehicle** 1, Thesedataare frommorethan 4,000
taxisand morethan 2,000 busesdriving inthe downtown
of Shanghai and isgenerated in real time by on-board
GPS devices. The channel model of wireless
communication obeys Power-Law Attenuation
model. Therelated experimental parameter settingsas
showninTablel.

Table 1 Experimental Parameters

Parameter Value
3000

500~800

10MB

1GB

Parameter Name

Number of vehicles
Number of query messages
Size of each resource
Memory size

Success Rate
ez
w
n

£ 600 700 800
Number of Query Messages

Figurel. The comparison result of the successrate

Data transfer rate 100Mbps

Communication distance 200m

5.2 Comparison resultsamong different methods

Arg, it comparesERS with FQ and DQ. Inthissmulation,
ERSusesACT to let the sourcevehicle select v, .
Thecomparisonresult of the successrateisshown
inFigure 1. It can be seenthat the successrate of ERS
is higher than that of FQ and DQ. In ERS, more than
80% of resourcesare successtully acquired. In FQ, only
about 60% of the resources are successfully acquired.

Thisisbecause FQ usestheflooding broadcast method
to query and reply. This method is easy to cause
broadcast storms and cause conflicts between data
packets so asto affect the sending and receiving of
messages. In DQ, lessthan 20% of the resources are
successfully acquired, because the chance of the source
vehicledirectly encountering theresource vehicleisvery
low.

Figure 2 showsthe comparison result of theaverage
latency. It can be seenthat the average latency of ERSis
lower than FQ and DQ. When the number of query
messages changesfrom 500 to 800, the average latency
of ERSiswithin 30 minutes.

Figure 3 shows the comparison result of
communication cost is. It can be seenthat compared

505______,_0_ — >
—>—ERS A
40- ——FQ
—0—DQ

w
£

Average Latency(min)

M}
2000 600 700 800

Number of Query Messages

O

Figure 2. The comparison result of theaverage latency

to FQ, ERS has a lower communication cost. This
reason isFQ usesflooding broadcast methodsto query
and reply. Thecommunication cogt of thismethod isvery
large. Inaddition, athough the communication cost of
DQ isrelatively small, itssuccessrateisvery low, as
showninfigurel1, so DQ isnot an effective resource
sharing method.

Figure 4 showsthe comparison result of efficiency.
It can be seenthat the efficiency of ERSissignificantly
higher than that of FQ and DQ. Thisisbecause ERS
can achieve a higher success rate and lower
communication cost at the sametime, so ERS hashigher
efficiency.

Based onthesefour amulationresults, it can be got
that, compared with FQ and DQ, ERS can
smultaneoudy achieve higher successrate, lower
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Communication Cost
N
\ w

600 700

Number of Query Messages

800

Figure 3.The comparison result of the communication cost

latency, lower communicationcost, and higher efficiency,
S0 it isan effective Resource sharing method.

-3

o x 10
% 1.57 —o—ERS
;2 ——FQ
3 1l —o—DQ |
0860 600 700 800

Number of Query Messages
Figure4. The comparison result of the efficiency

5.3Comparison resultsbetween ACT and RAN

Whenthe sourcevehiclechoosesy, , thispaper proposes
two methods: the selection based on vehicle activity
(ACT) and selection based on random (RAN). This
section comparesthesetwo methods.

Asfor the comparison result of the successrate, as
showninFgure5, it canbessenthat ACT achievesahigher
successrate than RAN. Asfor the comparison result of
average delay, as shownin Figure 6, it can be seen that
ACT achieveslower averagelatency thanRAN. Thisreason
iswhen selecting avehicle, ACT selectsthe most active
vehicleasy, to help query, and thegreater the ativity, the
more vehiclesit encounters, so comparedto RAN,ACT
hasagreater chance of meeting vehicleswiththeresources
S0 asto achieve ahigher successrate and lower latency.
Therefore, betweenthetwo methodsof ACT and RAN,
thispaper recommendsACT with better performance.

6. CONCLUSION
This paper focuses on the resource sharing problem of
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VANET and presents an effective resource sharing
method ERS, including four strategies, including four
strategies. query strategy, reply strategy, resource
replacement strategy, and recelved resource notification
drategy. Inthe query strategy, the source vehicle sdlects
the other vehiclesto help it query based onthevehicle's
activity. Inthereply strategy, based onthefuturetravel
path of the source vehicle, select apath with the least
mean latency to reply. I nthereplacement strategy, avaue
iscaculated for each resource. Whenthelocal storage
isinsufficient, the resource with the smallest valueis
deleted. Inthe notification strategy that received the
resource, the bloom filter is used to store the query
message |D of the resource received by the source
vehicle and spread it in VANET, informing the other
vehicles to reduce the communication cost. The
smulationsusethered vehicletravel data, and theresults
show that ERS isan effectiveresource sharing method
inVANET.
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