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A Novel Quality of Service Based Data
Dissemination Scheduling Approach
in Vanet

P. Nivethitha* & J. Suguna**

Abstract: Data servicesfor in-vehicle consumption are expected to become aprimary driver in the devel opment of
futurevehicular networks. Recent research shows the inter-vehicle data dissemination problem based on aWirel ess
Accessin Vehicular Environment (WAVE) 1/ 802.11 physical vehicular ad-hoc network, using anetwork coding. But
gtill the research needstoimprove the Quality of Service (QoS) and maximization of thethroughput to achievethe
resource reservation and sufficient vehicle to vehicle infrastructure. In this work, an efficient packet scheduling
scheme, wherethetrade off channel condition and QoSisfactored according to the user traffic. It can be performed
by adding the exponent term tothe part of DRC (Data Rate Control) which indicatesthe channel condition, in the
modified proportional fair algorithm. The proposed scheme s gnificantly outperformsexisting techniquesin termsof
the parameterslike network throughput and energy consumption. An experimental result of the proposed schema
showstheenhancement of overall throughput in Vehicle-to-Vehicle (V2V) communi cation without violating the QoS
metrics.

Keywords: Vehicular Ad-Hoc Networks (Vanets), Vehi cle-to-Vehicle communication (V2V), Datadi ssemination,
Scheduling Algorithm.

1. INTRODUCTION

Wireless communication in Vanets enablesinformation exchange between Vehicle-to-Vehicle (V2V) and
Vehicles-to-Roadside I nfrastructure (V 2I). Since vehiclesaremoving, network topology isconstantly changing.
VANETsare highly dynamic and have most characteristics of Mobile Ad-Hoc Networks (MANETS) [1-2].
There are numerous applicationsin thedomain of VANETSsthat are used for different purposeslikeimproving
safety, driving and commercial services. Vehicular networksdiffer from conventional ad-hoc wireless networks
by not only experiencing rapid changesin wireless link connections; but also deals with different types of
network densities[3]. Consequently, routing and dissemination algorithms become efficient and should adapt
to vehicular network characteristics and applications. Until now, most of the vehicular network research has
focused on analyzing routing algorithmsto handle the broadcast storm problemsin a highly dense network
topology. Under the oversimplified assumption that vehicular network isawell-connected network in nature
[4-5].

The dataexchanged between vehiclesgenerated by sensors, which are embedding on the vehicles by other
externa data source. Broadcasting is a very expensive dissemination technigue which consumes channel
communication capacity and also increasesthe collision and packet losses[6]. Vehiclesin same proximity are
helpful for detecting road warning, collison warning and emergency warning whichinevitably broadcast messages
relating to the incident supposed to be happen[7].

Figure 1. showsagroup of vehiclesin geographic vicinity that have acommoninterest in somedataon the
Internet, such astraffic surveillance video, map updatesand other geo-related information. For the purpose of
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Figurel. Inter-vehicle horizontal data dissemination supplements
vertical direct downloading

lightweight dataexchange, packetsin WAV E (WirelessAccessfor Vehicular Environments) can betransmitted as
1-hop broadcast with no feedback as defined in IEEE802.11p is specified in IEEE P802 (2008)[8]. In V2V
communication number of vehicleslikesto access datathrough roadside unit, therefore data scheduling become an
important issue. It analyzes the multicast throughput of Network Coding (NC) that aided content distributionina
linear Vanet.

Networks must provide secure, predictable, measurable and sometimes guaranteed services. Achieving the
required Quality of Service (QoS) by managing thedelay, delay variation (jitter), bandwidth, and packet loss
parameters on anetwork becomes the secret to a successful end-to-end business solution. Quality of service
(QoS) guaranteesin Vanet is much more challenging due to the high mobility of its mobile hosts, multi-hop
communicationsand contentionfor channel access. Highlevelsof QoSintraditiond networked environmentscan
often be achieved through resource reservation and sufficient infrastructure. The main goal of thispaper isto
improvetheoverdl throughput and analyzethe qudity criteriawhich areachieved using Data Rate Control (DRC)
whichindicatesthe channel condition inthe modified proportional fair algorithm.

2. RELATEDWORK

Peer-to-peer collaboration viavehicular communication isexplored in [9-10] for content sharing. SPAWN, a
swarming protocol for vehicular ad-hoc networkswasproposed in[19] to extend wired Internet peer-to-peer
content distribution protocols(e.g., Bit Torrent) to Vanet. However, peer discovery and peer & content selection
processeshave high overhead dueto Vanet’sdynamic nature. Theassumption of reasonabletransport layer bandwidth
in[9] doesnot fit into the WAV E broadcast paradigm. Similar observation was madein [10] for Code Torrent, a
NC aided fileswarming protocol with no underlying routing support.

NC hasbeen applied to the full datadissemination problem[11] and the reliable multicasting problem[12]. In
[11], each node has some packetsto sharewith all other nodes, and agossip based algorithmisused to diffuse
informationinthe ad hoc network that isoptimized for energy efficiency. In[12] reliablemulticagting inasinglecell
wireless network and atreetopology constructed by using severa cdlls. Ineach cell, coded packetsare repeatedly
broadcast by an access point, till all nodes have correctly received the packets. During the last few years, alot of
broadcasting protocolsfor VANETSs have beenreported intheliterature. They can be generally classified into two
main categoriesaccording to the spreading of information in the network. These categoriesare[13] single-hop
broadcasting and multiple—hop broadcasting.
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Dedicated short range communication (DSRC) band for I ntelligent Transportation Sysem (ITS) isused to
enable communication-based safety and infotainment servicesASTM (2003)[14]. In Europe, different frequency
bandsare used for vehicular communications, for instance, unlicensed frequency band at 2010-2020 MHzisused
in Heetnet isexplored in[11]. Disseminating traffic informationinVVanet isacritical problem. Incontrast to other
networks such as I nternet where dataistypically unicasted, thetraffic information hasanature which requires
broadcasting [15]. Traffic information isdestined for publicinterest, and not only for anindividual. Broadcasting
scheme hasthe advantage that a vehicle does not require the destination address and the route to aparticular
degtination. Asareault it reducesthe variousdifficultiesin Vanet such as complexity of route discovery, address
resolution and topology management.

In contrast, the V2V data dissemination is aone-to-many dissemination processin thiswork. While[16] [17]
exploresthedesign viasmulation, thuswork providesandytical resultsfor V2V datadissemination under asmple
scheduling model [ 17] analyzes the multicast throughput of NC aided content distributioninalinear Vanet.

Datadisseminationin VANETSs has becomean active research areain recent years. A number of researchers
have contributed severa novel and efficient techniquesfor data dissemination. The thorough investigation on
datadisseminationtechniquesin Vanetsisexplored in[5]. Thecharacteristic featuresof the datadissemination
techniques availablein theliterature have been thoroughly analyzed for the betterment of the data dissemination.
Inthis paper, resultsfromextensve set of smulationsare presented to measure theimpact of adaptable parameters
that govern QoS and also measure the overdl| throughput in Vanets are achieved using DRC whichindicatesthe
channel conditioninthe modified proportiona fair algorithm. Moreover simulationsin thispaper are performed
using enhanced 802.11 NS-2 [ 18] modulesthat provide more realistic communication thus furnishing more
accurate results.

3. PROPOSED METHODOLOGY

Network coding (NC) leveragesthe unexploited redundancies due to the broadcast nature of wireless networks
for moreefficient datadissemination. The network coding based systemisdefined, before performing the scheduling
drategy in V2V communication. Packet scheduling srategy is performed, wherethetrade-off of channel condition
and QoSisfactored according to the user traffic. Thereby, overal throughput can be increased with the graceful
QoS degradation of usersunder severe channel condition. It can be performed by adding the exponent termto the
part of DRC which indicate the channel conditionin the modified proportiond fair algorithm.

3.1. Linear Network Coding

A Linear network coding isablock code conducted over finitefield Fq, where qisthefinitefield size. Every
packet x consisting of log(q)—bit symbols, can betreated asavector inFq, during any transmission, the source
broadcasts alinear combination of all M, packetsit hasstored x, X, ... ... ' X,

M
Yi =D 7k Xk N
k=1

wherey, aretherandom NC coefficients selected uniformly in[Fq, at theith transmission. Thereceived coded
packet at arecelver can be expressed asalinear combination of the M original packetsinthe network, regardiess
of theactual sender of the packet. Specifically, if anode receives K coded packets can bewritteninthefollowing
vector product form,

Yk><l = AkxM xMxl (2)

Where A | isthe coefficient matrix containing al NC coefficients. Inthecase K> M, thematrix Aisfull rank
amost surely dueto random choice of NC coefficientsfrom IFq and the receiver can recover the origina dataset
X=AY. For decoding, clearly thereceiver needsto know the NC coefficients A used during all transmissions. It
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alowsthe IFq transmitter to embed these coefficientsin each packet. Thelinear NC of M packetsover finitefield
needs M log,(q)-bit long coefficientsin each packets.

3.2. Scheduling Strategy

Theideabehind, thisgtrategy liesonthe smple observation, that asuccessful filedownloaded by dl theusersinthe
scheduling moderequires repeated transmissions of the same packet. Therefore at the beginning of the second
transmission of apacket, thereexist additional spatially dispersed nodesthat can decode the packet successfully
with high probability. Initialy (at timet = 0) thereisasinglefile (M packetsdenoted by x, ... x,) & asingle source
node (vehicle) to be disseminated to all other vehiclesin asingledirection. Packet datatransmissonisusedto
utilize theresource effectively and support the high transmission rate max CIR (carrier to- interferenceratio)
scheme, which focuson one side of the fair and channel condition. A proportiona fair dgorithmis suggested by
considering the channel condition and the fairness of the channel effectively, where auser with better channel
conditionisutilized through proposed modified proportiona fair dgorithm.

3.3. M odified Proportional Fair Algorithm

The max CIR rule, an dgorithmbased on priority, would schedule the user whose channel cansupport thelargest
datarate. Though, the rule can bethe best solutionto maximize the systemthroughput, the problem of thefairness
can arise. InHigh Detection Rate (HDR) system, the system throughput and fairnessiseffectively balanced, is
suggestedin[11], [5]. Theversionof thisruleisgiven by,

DRC, (t)
R 9

Where] isthe selected user for the next timeslot, N isthe number of the users, DRC, (t) isthe DRC at dot t
for user i and R(t) isthe averagereceived dlot t. This algorithm gives equal allocationtimeto users, whichis
differing inthe mean path loss. Their fading characteristics provided will supply equal energy during transmission;
aso it takesadvantage of channel variationsby selecting with the higher probahility were the channd conditionis
relatively better than the average valuefor each user.

j = argmax;

3.4. DRC Exponent Rule

Themodified proportiond fair algorithm can make agood comprise between the throughput and the fairness,
wheretheweighting factors of thethroughput and thefairnessare givenin (3). The system could be operated more
efficiently by changing the parameter. DRC of user i isa b (t), wherea istheaverage DRC and b (t) isthe variant
component of the DRC of each user fromdot to dot. The Packet Délivery Factor (PDF) of b (t), isassumed to be
chi-square, so the PDF of DRC (t) isgiven by,

—-X
1 23t
X)=— e
Py (X) 22,

4)

Scheduling and transmissionis performed at every dot, hencethe datatransamissoniseffectively performed.
Throughput of user kisconsidered to be sationary (with thethroughput of infinitelength). It can beclassified as
two groups,

DRC,; (1) =aby (), j =1, ...... N, )

DRC, (1) = asb, (1), j=1, ... ... N 6)
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Becausetheusersinthe classhave the same independent ditribution, the stationary throughput converged to

the samevalue. Let thevaluesbe T, and T for eachclassandr istheratio (.-:.-—i] , thentheratio of thetotal class
throughputs arerepresented as,
TN, P(X;>r"X,)E[ X, | Xy >1"X,]
TN, P(X, > "X)E[X, [ X, > F"Xo] ()
Where X, = maxj{ a b,jOrj=1.... N, X, = maxj{ a,b,j®O}j=1.... N,

The PDF of the X, and X, can be obtained as,

d(FN N;
fi (X)) = ( d)j ) =gy Ae ¥ ©®
k=1

Thenthenumerator of f(r) isevauated as

N = sz 8, Ae w0 (©)
0 1=1
By the smilar manner, the denominator isrepresented as
Ny Ny 2a,lr —1+a1K
D= allez AA K 1n (10)
k=11=1 al(r _ﬁ+a1K)2

Theratio r isderived asthe following equation

1 .

Ny 2a1|r—ﬁ+a21
a2N22i=1 j:lAAjJ .1 2 (1)

aj(air = +a])

For the some cases of N1 =N2 =1, thefollowing result can be obtained,

1

2aa,r —+a
r:a2 a12n >
R ar1+a2rg
a12n 2l

(12)

Theexigence of the upper bound of theratio means, that the DRC exponent rule practicaly cannot approaches
to themax CIR rulewithincreasein . So the minimumthroughput for the users of worse channel condition can be
retained. Bedt effort datatraffic whichutilizesasynchronouschanne variationto improvetheoverdl syssemthroughput
with congdering thefairness. The proposed work of QoSfor each servicein the wirelessnetworksisrepresented
as,
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DRC, (t)
R ()

j =agmax; fo(QOS; ,QOSy; ) i=1,......,N (13)
where QOS¢ , and QOS,,; denote therequired QoSand currently serviced QoSfor user i, () istheincreasing

functionfor the leve of the QoSrequirements.

4. EXPERIMENTAL RESULTS

Thesimulationsare performed to validate anaytical resultsfor NC based dissemination. Scheduling strategy is
usedto measurethe QoSresultsinthe V2V communication.Multi-accessinterferenceis used, according to scheduling
model, and the receiver can decodethe packet successfully if and only if it’ sreceived signal-to-noise-ratio (SNR)
exceedsadecoding threshold, i.e.,

— pr(Zx
Py = Pr(no >2)z>1 (14)

where n, is the noise power and zis the capture threshold whose value depends on the channel coding and
modulation. The QoSof adata can bedefined in different ways. | n this paper, the average throughput R provided

to user i is not less than some predefined value Qjis concerned and let f ,be Q = R The DRC of user i a'b(t)
where & (t) isdefined as,

ratio—1
,vi=1, N (15

al(t) =i+

where Nisthe number of total usersandratiois ay, / a;, that istheratio of the best averaged channel conditionto

ratio—1
N

as 1. The performance comparison resultsof the proposed DRC and the single source dissemination scenario

methodsinterms of the delay, energy consumption, packet delivery ratio (PDR) and throughput parametersis

evaluated. Thedelay of the proposed DRC and existing Steady State Data Dissemination (SSDD) ismeasured

based onthefollowing formula,

theworst one, a, is 1 and with oneincrease of user index, a isincreased by - Ifretiois1, & isdl thesame

Latency = Propagation delay + Transmission delay + Queuing time + Processing time (16)

The propagation delay and transmission delay are measured based onthefollowing formula,
Propagation Delay = Distance/Propagation speed @
Transmission Delay = M essage sze/bandwidth bps (18)

Wherethequeuing time bethe number of packetswaiting in the Vanet and processng timeisthetotal completion
time of the process.

Figure 2. plotsthe cumulative dissemination completion time versus nodeindex. Thereciprocal of thedope of
the cumulative completiontime curveisthe average dissemination veocity. For the proposed DRC based broadcad,
the simulation result closely matchesto the existing NC. The NC and perfect feedback achievesabout the same
seady state velocity; however NC providesabetter guaranteethat apacket isnew or innovative ascompared to
perfect feedback and achievesadightly higher steady state velocity.

The PDR of the proposed DRC and existing SSDD ismeasured based on thefollowing formula,
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n
PDR=—Zi=1a‘ (19)
g
a isthetota number of packetstransferred, zin:la,- isthetotal number of packetswhich are correctly received
for datadissemination.
Throughput: Averagerateof successful packet delivery. Intermsof Net Sim'smetricsitis,

no of packets transmitted —no of packets errored
simulation time
The reaults of the proposed DRC and the existing SSDD, interms of delay are shownin Figure-3. It shows

that the delay of the proposed systemislessof the proposed DRC ishigh when compare the existing methodsit
quickly performs data dissemination processin Vanet fromvehicleto vehicle communication (V2V).

(20)

throughput =

Feedback A L DRC
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Figure 2: Cumulative dissemination completion time of all three (proposed
DRC, Feedback, and NC) schemes
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PDR resultsfor number of vehiclesare shownin Figure-4. It showsthat the PDR of the proposed systemis
less of the proposed DRC is high when compare the existing methodsit quickly performs data dissemination
processinVanet fromV2V communication.

InFigure5. the throughput of thefirst caseisdepicted. Asthe number of nodes (vehicles) isincreases, the
throughput also gets increases, reaching source to destination in data dissemination process. However, also
consdering smulationtimeof 300ssecondsfor 210 vehicles, if the number of vehiclestakenincreasesthethroughput
achievement of the proposed DRC methodshave apostiveimpact on throughput. Ontheother hand, performances
get worse whenthe vehiclesincreasein theexisting SSDD process.

For thevaidation of the effectivenessof the proposed DRC approach, the amount of energy consumed during
datadissemination iscompared to that of the existing SSDD isshownin Figure 6. However, also considering
smulation timeof 300s secondsfor number of vehiclesinthiswork to measurethe amount of energy consumed in
the proposed work, the number of vehiclestaken for datatransmissonare 210 vehicles. Theenergy disspated at
the beginning of each nodesislessfor proposed DRC when compareto existing SSDD approach. If the number
of vehiclesincreasesthe energy consumption decreases, but it consumes|esswhen compareto existingwork is
showninFigure6.

5. CONCLUSION

Thiswork hasexplored horizontd peer-to-peer content distributionusing V2V ad-hoc communicationsto supplement
vertical vehicular datadownload from cellular and road sde infrastructure. NC based broadcast reaches steady-
gtate and derived aclosed formof result during datadissemination. M odified proportiond fair rule containing the
DRC exponent, the proposed scheme can utilizethe channel condition more effectively while guaranteeing the
QoSinV2V sysem. Smulationresults show the overal throughput of the network ismaximized and QoS metrics
areincreased. In future we investigate the same work in the aspect of the routing and how to solve routing by
applying the shortest path investigation methods and QoS parametersin the Vanet also focused based on the
properties of theVanet inV2V communication.
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