User-oriented Cluster-based Solution for Multimedia

Content Delivery over VANETS

Irina Tal and Gabriel-Miro Muntean
Performance Engineering Laboratory, Network Innmvest Centre, RINCE Institute
School of Electronic Engineering, Dublin City Unisdy, Ireland
irina.tal2@mail.dcu.ie and munteang@eeng.dcu.ie

Abstract—  Vehicular ad-hoc  network  (VANET)-based
multimedia applications are considered to play a vy important
role in the future of intelligent transportation systems and
vehicular infotainment systems. Socio-economic isss are
identified among the main challenges in VANET-based
multimedia applications. In response to these chalhges, this
paper proposes a novel user-oriented cluster-basedultimedia
delivery solution over VANETSs that is able to addrss vehicle
passenger preferences and deliver multimedia conterof their
interest. Such a solution will support various vale added services
in the vehicles, e.g. touristic video guide, newsntertainment, etc.
In this paper the architecture of the proposed soliion is
presented together with the cluster-based mechanismmployed
for multimedia transmissions and the cluster head election
algorithm required for delivery infrastructure mana gement.
Simulation-based testing demonstrate how this solign increases
system stability resulting in a longer life of theelected cluster
head compared to the classic Lowest-ID cluster heaalgorithm,
fact that positively influences the quality of the multimedia
transmission.

Keywor ds-component; multimedia, quality, vehicular networks

. INTRODUCTION

Many research efforts in the area of vehicular ad-h
networks (VANET) try to improve the safety and eiffincy of
the transportation systems. Lately the focus iis tieisearch
space moved also towards VANET infotainment appitics
that aim to increase user satisfaction in traM&ANET-based
multimedia applications are considered to playrg imaportant
role in the future of vehicular infotainment andeitigent
transportation systems. They may contribute tdfitrafafety
and efficiency by providing detailed information oa
accidents that will help in the intervention of egency
services and will allow the drivers to predict theation of the
traffic jam in various areas [1]. However, due toea
challenges imposed in multimedia transmissions hgy ligh
mobility of the vehicles and network instabilitycaacalability,
there are only a few multimedia delivery approagheposed
in VANETS.

Socio-economic issues are identified among the main

challenges of VANET [2]. The problems include thestcof
infrastructure needed for the deployment of VANBIusons
and the market penetration of car-to-car
infrastructure communication technologies. Two Sohs
were proposed for the latter problem that eitheforee a
regulative order, or deploy attractive applicationsorder to
advertise the added value of the technology [2}sér-oriented

solution that takes into account passenger prefesens
considered an attractive application. In conseggerost-
effective and user-oriented solutions, address eth&scio-
economic challenges. The use of clustering teclasigis
generally acknowledged to lead to cost-effectivieasiructure
and energy efficiency solutions [5].

In this context, this paper proposesiovel user-oriented
cluster-based solution for multimedia delivery over
VANETSs that is able to personalize multimedia contentitnd
delivery based on the preferences of the passeagersheir
profiles. The proposed solution includes two algpnis, which
focus on cluster formation and cluster head selecti
respectively. The cluster formation algorithm aitosgroup
vehicles based on vehicle characteristics and inserest in
content. The cluster head selection algorithm makee that
cluster head function is efficiently distributed @mg vehicles.
The focus in this paper is on the cluster headctete
algorithm. Among user interests, both algorithmketanto
account the velocity of the mobiles, direction cdvel and
position of the vehicles.

The proposed solution supports the provision ofiover
value added services in the vehicles. One may dhitlee area
usually visited for shopping and the on-board compstarts
playing some videos with the current offers or dists of the
shops in the area. This may be considered a vergt gopport
in managing the time and money spent on shoppmaggine a
group of friends visiting a city by car and whereythdrive
around a touristic area the proposed solution adgtl as a live
touristic guide playing video previews of the taetid
attractions in that area.

This paper is structured as follows. Section llcdiees the
principle behind the proposed solution and its itecture.
Section Ill details the system architecture andti@eclV
describes the cluster head selection algorithm.tidecV
presents and analyses testing results and at thehenpaper
conclusions are drawn.

II. RELATED WORK
In the literature, there are only few proposalshoftimedia

and car-toapplications over VANETs. The main identified reass the

great challenges imposed in multimedia transmis&iprthe
high mobility of the vehicles and network instatyiliand
scalability [6]. In [7] and [8], network coding wasnployed to
address these challenges based on its good perfoemasults



in video streaming in large scale systems outsid®&lET area
[9]. In [7], CodePlay, a live multimedia streamisgjution was
designed based on a recent network coding technsyubol-
level network coding. The solution proposed in {8es for
multimedia dissemination an approach that combireta/ork
coding with a multi-path technique. The possiblehpaare
ranked according to their stability and the layé@em the
scalable video coding are assigned to these patlasdirect
proportionality between the rank of the path aredithportance
of the layer.

In [10], the challenges mentioned were addressedrb
architecture that incorporates two
representing the response to one part of the problde first
sub-system, a video source trigger, addressesghentobility
issues by implementing a signaling mechanism
continuously triggers video sources to send vidata dack to
receivers. The second sub-system, a video datasféran
addresses the scalability and stability issues rople@ying a
store-carry-and-forward approach for transmittifdee data in
a partition network environment.

A well-known solution to scalability, stability andobility
issues is clustering. Clustering was successfutlglied in
mobile ad-hoc networks (MANET) to provide approaiigat
offer good performances in the presence of thesgess[5].
This was an important aspect taken into consideraby the

authors when proposing the clustered-based mulianed

content delivery over VANETs. In addition, the dkring
solution allows for interest-based grouping.

IIl.  MULTIMEDIA SOLUTION SYSTEM ARCHITECTURE AND
USERORIENTED CLUSTER-BASED MULTIMEDIA DELIVERY
SCHEME

The proposed solution uses a client-server ardhitec
based on a hybrid vehicular communication netwoddeh,
illustrated in Figure 1. The architecture includeserver in the
back-end, roadside units (RSU) and the vehicleliests.

The application server stores the multimedia cdntén
multimedia content management system like the sopgsed
in [17] is deployed on the server. This systenbig o retrieve
the multimedia content based on preference andtidoca
information.

The vehicles are organized in clusters based orusee
interest in multimedia content, location, directimintravel and
velocity. Each cluster is designed to be a k-hogtek, where k
is not greater than 9 as suggested in [11]. Easttenl has a
cluster head (CH) and deals with multimedia congacbrding
to the user preferences in the cluster. CH is thlg oluster
node that communicates directly to RSU; the othedes
communicate with the RSU in single or multiple heges CH.
CH sends the cluster user interest and location @ther
cluster-related information to the server via RSid asceives
multimedia content from the server via RSU.

CH further disseminates the multimedia contentltdhe
cluster members. Multimedia communication withinclea
cluster does not use the client-server architectexéending
instead the principle behind the Observer desigtepafrom

the Software Engineering area. Each cluster nadidsta list
with the same-direction neighbors that were reggsteduring
cluster formation process. When the multimediagmgission is
initiated by the CH, each cluster node will disseaté the
multimedia content to all its neighbors.

The proposed architecture is cost-effective as #calable
to any number of RSUs available, including reldfiveparse
VANETs. This is due to the fact that the clustesdzh
communication is independent from RSU and enables
enlarging the transmission range using multi-hopaddition,
RSUs communicate with CHs only, resulting in enesgying

sub-systems, h eacat RSU level. Energy efficiency can be further erdeal by

employing a sleeping scheme at RSU as presen{é&é]in
Multimedia delivery is performed using the statetfod-art

thzibuality Oriented Adaptive Scheme (QOAS) proposefiLit],

solution which was already shown to enable highliguan
hybrid vehicular communications-based systems [13].
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Figure 1. Architecture for the User-oriented Cluster-basedut8m for
Multimedia Content Delivery

In the proposed network model, both vehicle to
infrastructure  (V2I) and vehicle to vehicle (V2V)
communications make use of the IEEE 802.11p stantheat
was designed for dedicated short range communicatibigh-
speed vehicular environments [14]. This standasddilacated
7 channels, out of which 6 service channels and camérol
channel. The control channel is used in the prapegproach
for exchanging clustering specific messages ands#rgice
channels are used for delivering multimedia date. Assumed
that each vehicle is equipped with multi-channeboard units
(OBU) so that IEEE 802.11p-based communicationstake
place. This dual control-data communication chamiesign is
very important for multimedia transmissions as thEsnot
interrupted by any control.

Specific to our proposed solution, on each velocldoard
unit, a context aware user model framework [4] épldyed,
that is able to build the user profile and basedttds, to
provide recommendations regarding user preferentlsse
recommendations are in form of a vector of useer@sts.
Consequently each vehidtehas associated a vector of interests
Ri = (Pt P -0 P ---Pxn), Wherepy represents a value,
expressed as percentage, which indicates how nhigchser is
interested in topi¢. Additionally, each vehicle has a location-
aware mechanism (e.g. GPS) which supplies infoonato



OBU, which determines vehicle speed, directionrafel and
location.

IV. CLUSTERHEAD SELECTIONALGORITHM

The cluster head selection algorithm uses a thagerd
based approach. At the first layer, each vehictabdishes its
neighbors that travel in the same direction, compuind
retains in a list each neighbor-related informati@na 5-tuple
composed of ehicle id, speed, location, vector of interests,
interest compatibility (IC)). The information of speed, location
and vector of interests is periodically broadcastedugh
“hello” messages by vehicles. Each vehicle is beisgigned a
unique id (i.evehicle id) that is used for its identification in the
network. IC is computed using cosine similarity riet
between the tuples represented by the user irgefiesh the
current vehicle and each of its neighbors. The Biwbken
vehiclex andy is computed as in equation (1).

Zﬂzl PxkPyk
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At the second layer, for each cluster the clusteadh
eligibility (CHE) is computed for each node. For EH
computation, a Utility Function-based approach ngplyed,
subscribing the proposed clustering algorithm t® ¢ategory
of Utility Function-based clustering algorithms [15The
proposed Utility Function takes into consideratieehicle-
specific characteristics (e.g. velocity, locatioand user
interests. It is based on three parameters: avediiance
(AD), average velocity (AV) and average compatipifAC)
that are further detailed.

ICyxy = D(X,y) = 1)

In equation (2), it is illustrated how the definédility
Function is used in the computation of CHE of vighic The
other terms are described by equations (3), (4) @)dN
represents the number of the same-direction nerghlod
vehiclek (i.e. the length the 5-tuples list of vehidle In (2),
w1, W, andws are weights and their sum is 1.

CHE, = WAC, + W, ADy + W5 AV, (2)

5-tuples list; vy represents the value of the maximum speed
allowed by the road regulations.

CAyis the average of the interest compatibilities cotag
for vehiclek and each of its neighbors from the 5-tuples list.

CA
Nk
wherej takes the value of each id from the 5-tuples list.

The CHE information is carried by the “hello” messages
exchanged by vehicles.

At the third layer, the vehicle with the greatediECis
selected as cluster head and maintains a clusterbership
table that contains all the ids of the vehiclesrirthe cluster.
The topic with the highest user interest within tredicles of
each cluster is selected as the interest of tteterluThe CH is
informed about this and together with its nodesigériodically
broadcasted in the network.

Grouping the neighbors - 5-tuples list formation

Figure 2. Bottom-up Layered Process of Cluster Head Seleétigarithm

ADy represents the overall average absolute distance

between vehiclk and the neighbors from the 5-tuples list of

vehiclek maintained at the first layer as indicated before.

AD, :Zj 5= %07+ (5= vi)”

Nk X dmax

®)

where (X%, Yi), (%, ;) are the coordinates of the positions o

vehiclesk andj respectively ang takes the value of each id

from the 5-tuples list represents the maximum value of the

transmission distance.

AV is the average of the differences between the wgloc
of the vehiclek and those of the neighbors from the 5-tuples lis

of vehiclek.
Yj lvk—vjl
AV, ==—~L (4
k Nk X Vmax ( )
where v, v; represents the velocity of vehicle and

vehiclej, respectively angltakes the value of each id from the

V. TESTINGRESULTS

To test the performance of the cluster-head selecti
algorithm in the context of the multimedia solutiproposed,
iITETRIS [18], a vehicular simulation platform, wamployed.

fThis simulation platform integrates SUMO, a traSiimulator,

and NS-3, a network simulator.

Delivering multimedia at good quality in a clustased
delivery scheme is highly dependent on cluster Héetime.
In this context, simulation-based testing has liare in order

fo analyze the performance of the proposed alguoriih

comparison with that of the most commonly used tehirsg
algorithm in VANETs, Lowest-ID [5]. We evaluated ame
lifetime of cluster head, mean throughput of theltimedia
packets and the loss of multimedia packets, forhbot
algorithms. Realistic simulation scenarios that lieth the
variation of vehicle speed (30km — 70km) and nundiéanes
were built. UDP flows with a constant bit rate (CBR



0.45Mbps) traffic were used to simulate multimesti@aming.

Other key parameters of the simulations performed a

described in TABLE I.

TABLE I. THE VALUES OF SIMULATION PARAMETERS
Parameters Values
Network topology Manhattan Grid
Number of hops {1, 2}
Transmission range gy 200m

Vehicle’s maximum speed (x) [30km/h — 70km/h]

Drivers imperfection(sigma) 0.5
Number of lanes {2, 4}
MAC protocol 802.11p
Vehicles information message 500 bits
Multimedia packets 1200 bits
Routing protocol AODV
Simulation time 300s

Two main sets of simulations were performed in pitde
analyze the performance of the proposed Utility dtiom-
based clustering algorithm in 1-hop and 2-hop wsiagainst
the Lowest ID algorithm.

In the first set of simulations, the values of meaH
Lifetime, mean throughput and loss were analyzefirastions
of vehicle speed. The maximum speed was variedh@an
interval [30km/h — 70 km/h] and the number of lanes set to
2. The results are illustrated in Figure 3. Figdrand Figure
5. and demonstrate a direct proportionality betwlean CH
Lifetime and throughput. As stated before, the igyabf
multimedia transmission is highly dependent on @etiine.
This can be seen through visualization, but thehast are
planning as future work to investigate more and Hea
mathematical correlation is possible to be defined.

Both Utility Function-based algorithms (i.e. 1-hapd 2-
hop) provide longer CH lifetime and in consequertoetter
throughput. In terms of loss, the 1-hop Utility [Etion-based
algorithm provides better results than the Lowé&st On the
other hand, the 2-hop Utility Function-based soluthas a
slightly larger loss than the Lowest ID and growghwthe
increase in the speed. However, in terms of trfidexween
throughput and loss, the 2-hop Utility Functiondzhalgorithm
still provides better performance than the LowBsalgorithm.
The degradations in terms of loss are explainabke td the
multi-hop transmissions.
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Figure 3. Mean Cluster Head Lifetime vs. Vehicle Speed
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Figure 5. Loss vs. Vehicle Speed

In the second set of simulations, the vehicle speasl set
to 50km/h and the number of lanes was varied bet@esnd 4.
The results are illustrated in Figure 6. Figureadd Figure 8.
and based on them, similar conclusions can be desan the
first set of results. The 1-hop Utility Functiondea algorithm
provides better performance in terms of both thhpug and
loss, while for the case of the 2-hop Utility Fuontbased
algorithm, the loss is slightly higher and the perfance
degradation increases with the number of lanes. ddew in
terms of tradeoff between throughput and loss, 2Heop
Utility Function based algorithm still provides tuat
performance than the Lowest ID algorithm.
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Figure 6. Mean Cluster Head Lifetime vs. Number of Lanes
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VI. CONCLUSIONSAND FUTURE WORK

In this paper a novel user-oriented cluster-baseltimedia
delivery solution over VANETs was proposed. Theusoh
delivers multimedia content based on the prefererufethe
vehicle passengers. The proposed approach redetesthe
cost of the infrastructure used in the deploymeuntthe energy
consumed at the RSU unit level. The well establisQ©OAS
was employed for multimedia transmissions in otdeenable
high-quality multimedia delivery. The simulationdeal testing
showed that the proposed algorithm for cluster resddction
assures a better mean lifetime of cluster headttiatrecorded
in case of using the classic Lowest-ID algorithmhisT
positively influences the quality of multimediansamissions in
terms of throughput and loss.

As future work, the authors are planning to dostekat
imply real video streaming over VANETs and to couné the
analysis of clustering performance metrics versudtimedia
guality transmissions with the declared purposéngiroving
the clustering solutions for multimedia delivery.
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