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Abstract— Vehicular networks are drawing a great attention
from the research community and the automotive indstry,

where they are beneficial in providing ITS (Intelligent
Transportation System) services as well as assistirige drivers
on the road. In this context, vehicular networks ae based on V2|
(Vehicle to Infrastructure) and V2V (Vehicle to Vehcle)
communications. The special characteristics of theseetworks
such as high mobility, potentially large scale, andnetwork
partitioning introduce several challenges, which geatly impact
the deployment of these networks. An efficient sotion to these
problems is to define a robust self-organizing ardtecture. Thus,
the function of these dynamic networks can be quitanproved. In

this paper, we introduce a new proactive self-orgdming protocol

called CSP (Cluster-based Self-organizing Protocothat uses the
geographic clustering and the virtual backbone to tsucture

intelligently the vehicular network. We compare CSPto other
self-organizing solution by analyzing its performames using
Qualnet simulator. Simulation results show good pdormance of
CSP in terms of architecture stability, overhead ad delivery
ratio.
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. INTRODUCTION

This architecture should take advantage of nodpepties
to issue a global virtual structure enabling théwoek self-
organization. It should be sufficiently autonomowsd
dynamic to deal with any local change. Typically,case of
vehicular networks, the global structure has tousmsthe
network self-organization in order to optimize thehicle-to-
vehicle and vehicle-to-infrastructure communicatiavith
regard to nodes high mobility. In [9] self-orgariiea allows
favoring the collaboration between the differentcalo
properties, not interesting in themselves, to distabuseful
global information or services and to permit anirojted
packets routing between nodes.

We found in the literature some propositions tof-sel
organize the vehicular network using virtual baakdcand
clustering notions. Indeed, one way to support cieffit
communication between nodes is to develop wirdlasgbone
architecture; this means that some nodes have $elbeted to
form the backbone. Over time, the backbone mushgddo
match with the changes in the network topologyades move
around. The algorithm that selects the members haf t
backbone should evidently be fast, but also sheedpiire as
little communication between nodes as possiblevimdaan
important overhead. One way to solve this problero igroup
the nodes into clusters, where one node in eachteclu

During the last decade Vehicular Ad hoc Networksfunctions as cluster head.

(VANETS) have been the subject of many works [2], The
function of Vehicular Networks lean on (i) Vehide Vehicle
communication and (i) Vehicle to
communication. The use of VANETS,

frequencies, has an important financial impactesitgermits
to reduce the use of costly cellular links. Vehécuhetworks
have some own characteristics that have impontapli¢ations
for designing solutions. We can cite (i) high mipilvehicular
networks are associated with a very dynamic enwent (ii)
partitioned network: VANETs are frequently partited, the
dynamic traffic nature may lead to inter-vehiclepgaor
isolated clusters of nodes (iii) geographically stoained
topology: in VANETS, nodes move along roads witkefl
topology, and (iv) large scale: in spite of frequpartitioning,
VANETs may extend over large areas.

To overcome some of these challenges, we develtiisn
paper a self-organizing vehicular communicatiorhiecture
that facilitates the network management task anthipe to
deploy wide panoply of services. We focus on aletyaand

Infrastructure
based on fre

According to the situation, an operator/servicevjater can
be led either to deploy a permanent self-organigtngcture on

dhe whole network, or only to temporary organizeroad

portion. In other terms, there are two ways to-sgjanize the
vehicular network by using a proactive organizingh@ecture
or a reactive organizing architecture.

A proactive architecture has to be established at the
beginning and then to be maintained continuouslyhauit
generating a great overhead. This architecturengemlly used
to support services like Internet access or filarisiy. The
reactive architecture is created on-demand in a road portio
where a service has to be deployed. This archieésumainly
used to permit traffic gathering in critical zones.

We introduce in this paper CSP (Cluster-based Self-
organizing Protocol) a vehicular network self-orgamg
architecture that is based on geographical clugjein ensure
an intelligent organization and management of svark. In
fact, CSP adapts itself to vehicular network chiréstics and

comfort services based on data dissemination aniz dapermits to improve the Connectivity between velcler

gathering.

vehicle-to-infrastructure without generating a gi@zerhead.



This paper is structured as follows. Section Il ibih
briefly the most relevant related works. In Sectibin we

In [11], authors define two main methodologies tgamize
the vehicular network in peer spaces: Cluster-based

present the adopted network model and we descrilve oorganization and Peer-Centered organization. Tinger-based

proposed protocol
simulation results in Section IV, we conclude thtepgr and
give some perspectives to our work in Section V.

II.  BACKGROUND

In this section, we give an overview of the exigtiself-
organizing structures in the literature and we evadome
related works.

A. Sdf-organizing structures

The definition of a self-organizing structure israss layer
problem. On one hand, the routing protocol mustabke to
uncover multi-hop routes by using other intermediades to
relay the messages [3], [4]. On the other handers¢vecent
works also discuss the impact of spatial frame extign at the
Medium Access Control (MAC) layer
performance of multi-hop routing [5], [6].

The authors of [5] conclude that it is not meanihgb
consider MAC and routing protocols in isolationdasuggest
that a cross-layer design of MAC and routing sohai may
enhance the multi-hop communication in a MANET.

Most researches suggest virtual backbone [7] amstaring
[8] as most efficient structures to self-organihe MANET
and to achieve scalability and effectiveness imficasting.

The idea of defining a virtual backbone structgrériought
from the wired networks. The principle of this d@u is to
constitute a dorsal of best interconnected nodés dther
nodes will be associated with the dorsal nodess Tades'

subset must be defined to form a stable and pensist

backbone. This implies to take into account mamdd®ns in

terms of mobility, power level and security durirthe

backbone formation process. Every other node, hosen as
dominant, must be a neighbor of at least one damina

The second self-organizing structure is clusterihgs the

on the global

CSP. After the presentation o thorganization considers the associative nature eftitdffic for

forming groups of peers with similar characterstidhese
clusters can be dynamic or fixed. Fixed clustees @sed in
specific places where the possibility of accidantigh such as
intersections. Dynamic clusters are rather usednwiahicles
circulate in group even with a great mobility. Tdwvantage of
fixed clusters is that the vehicles have immediatermation
about each other and the topology of the area witho
generating a great overhead. The major drawbackhés
necessity of a road infrastructure to apply thisrapch.

The other methodology for organizing the vehicular
network is the peer-centered organization. Withis tnethod,
each peer defines, constructs and maintains itsiavipeer
space (VPS). Thus, a peer analyzes the informatoeived
from other traffic participants and decides which tbem
should belong to its own VPS. Each peer updatesdieally
its VPS and maintains information about all the rpee
belonging to it. In this approach, different VP Sdap.

The main difference between the two approacheéas t
peer-centered organization considers the peereasdie of a
group and organizes the vehicular network accordinghe
peer singular interest. So, it is more approprfatezones in
which a node has a strong awareness of its neigbbdrsuch
as urban environment, whereas the cluster orgamizet more
appropriate for highways.

In [13] the authors propose, within the contexiVéiNET,
DBA-MAC, a proactive distributed scheme to form igual
backbone in a dynamic way in order to send a bstdalert
message to a group of potential receivers in a ztgke. To
create the backbone, a node elects itself as dbaekmember
then it broadcasts a beacon message to spreadathedne
creation process impulsion. After that, all theefeers enter in
a distributed MAC access phase based on contention
mechanism to elect the next backbone member. Thieles
receiving the beacon message compute a RT (Residual)
which reflects its imminent movement relatively the

partition of the network in homogeneous groups mhmep,ckbone member (BM). Vehicles having an RT uppenta

clusters. Each cluster has at least one clusted hed many
members. Generally, the members of one cluster kauee
common characteristics as contiguous velocitieordinates,
etc. Cluster-based solutions represent a viableoapp in
propagating messages among vehicles. Thus, théerihgs
structure is usually used as a support of backlstneture
since both of them are devoted to arrange the rimdton
dissemination in a VANET. The Clustering structpegmits to
re-elect easily the backbone members.

In the next subsection, we will discuss some rdlaterks
which make use of these structures to self-orgarize
vehicular network.

B. Related works

Many works [11], [13] within the context of VANET
introduce the concept of virtual backbone and ehirsg
scheme in the aim of self-organizing the network.

fixed threshold can join a contention phase whosmev will
be the next backbone member. Backbone members thave
highest priority in accessing the channel and ttf@y can
relay the broadcast messages. This is supportadebAC
scheme called Fast Multi-Hop Forwarding (FMF). When
BMy:1 receives a message from RBMit immediately
acknowledges it and propagates it to BMafter a SIFS (Short
Inter Frame Space) delay. Since a reactive schfame
repairing the backbone would need break-detectaypalaility
and overheads, DBA-MAC proactively refreshes thekbane.
Each backbone member maintains a refreshing tinechw
depends on its chain sequence. Even if this mestmargduces
overhead, it is totally deficient in case of greaobbility of
nodes. Indeed, a great variation of vehicles veéxcican
totally distort the predicted refreshing timer.

Even if the VANET self-organizing solutions intraghd in
[11] and [13] are very interesting, they still hatweo major
drawbacks. Besides generating a great overhedtdalusters



and backbone maintaining, these solutions aredoted for
VANETS, that's why the communication between twhicles
is not possible until their respective cluster tseadll be
members of the same virtual backbone. So, it mkg teery
long time to organize the whole network.

To have a reliable self-organizing architecture \EAN
communications are insufficient and some infrastmecshould
be deployed, but the location of the deployed siftacture
must be chosen carefully.

In [12] which is one of the first works that handhe self-
organization problem in mobile ad hoc networks, dlwhors
take inspiration from the organization of the delttnetwork in
adjacent cells to propose the division of the senarea into a
number of sub services areas (SSA) as shown irlFig.
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Figure 1. SSA-based architecture

One base station (BS) is settled in each SSA. Bfe &ea
is set larger than a service coverage area of @eTBen, a
self-organizing process is executed in each SSénsure the
communication between the BS and Mobile StationS)(kat
are outside its coverage area. In this method, WM&y be
selected as relaying MS, so they support two
communication channels, one for link establishmeontrol
and the other for data transmission. The link distainent
process in this proposition is classified into éhtgpes. First,
an MS tries to establish a direct link with the 83ts SSA. If
this is not possible, it tries to establish a hwikh its BS using
relaying MSs. The third alternative is to establslink with a
neighboring BS using relaying MSs. Finally, if thdS is
isolating from another MS in its SSA and the nemfiig
SSAs it increases progressively its transmissiomgpauntil it
succeeds to communicate with another MS, so ititiseselay
its packets to the BS associated with the new heigh

This self-organizing method is interesting sincedui® not
need to collect topology information of the whokgtwork, but
they only have to collect topology information @&that they
belong to.

In the solutions we propose, we adapt the propositi
introduced in [12] to vehicular networks by poriiog each
road stump (equivalent to a SSA) in segments seefixed
clusters and electing a cluster head for each seigtoeact as
backbone member. This self-healing architectumehsist and
permits the deployment of many services without artgmt
overhead since it is based on geographically defihesters.

In the following two sections we will describe moire
details our proactive self-organizing solutionsFCS

radi

Il CLUSTER-BASED SELF-ORGANIZING PROTOCOL

Cluster-based Self-organizing Protocol (CSP), ttedogol
proposed in this paper, is conceived to self-ommnihe
VANET in order to smooth up the effects of the highbility
of nodes without generating a great overhead. finjge the
management of the vehicular network for many apfbos
such as chat, delivering advertisements and aneoosrts
about sale information and data gathering, etaotler words,
CSP ensures the user connectivity in specific enwent,
allows service continuity and permits to extend thieed
networks.

In this section, we introduce briefly the networloahel,
give detailed description of our approach, andeneis added
value compared to other existing VANET auto-orgengz
protocols.

A. CSP assumptions

In our work, we consider an urban environment whbees
vehicles velocity is limited to 50 km/h and in whi®ach
vehicle is equipped with a GPS (Global PositionBystem)
device that enables positioning and time synchediun.
Vehicles communicate between them using DSRC ([2etic
Short Range Communications) as wireless technology.

We consider an hybrid vehicular network where the
VANET is connected to the wired network throughefixroad-
side-units (RSU) along the road. An access poirdbke to
communicate with vehicles which are outside its gitsl
transmission range. The area where vehicles caednhed by
the RSU via multi-hop communication is called ECA
(Extended Communication Area).

%. CSP architecture

CSP forms temporarily single hop clusters to getofi the
hidden node problem as it is unlikely for a vehitdebe a

hidden noddor a transmission between two one-hop-distanced

vehicles. For this purpose, the ECA of an accedst i
divided into L-length segments as shown in FigV&hicles
located in the same segment form one cluster. Beeciate
idea is to assign a state to each vehicle. Thratesstare
possible: i) HEAD: the vehicle in charge of routinge
segment packets. ii) SUPER_MEMBER: a vehicle thad h
been a HEAD and yielded the job to another vehafléts
segment. iii) MEMBER: vehicles that are not HEADdamave
never been HEAD of their current segment.
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Figure 2. SSA-based architecture

Each cluster/segment is composed of one head, uper s
member and several members, it is split in oneraenbne and
two lateral zones (see Fig. 2). This partition jules each node
with an efficient mean to estimate its aptitudeekzhange its



state independently of other nodes, which limitsably the
generated overhead. The respective lengths of ateatrd
lateral zones are X and (L-X)/2. Another paraméidake into
account is the fixed parameter R representing
communication range provided by the wireless teldgy

Each vehicle in the central zone of one segment ineis
able to communicate with every other vehicle in teatral
zone of the adjacent segments. To answer this géguman
additional condition (1) is taken into account

R=L+X 1)

The abbreviations we will use in the rest of théper are
summarized in Tab. 1.

TABLE I. ABBREVIATIONS
Abbreviation Description
Xn Position of N
Vn Algereic velocity of N
S(N) Current segment of node N
CZ(N) Central zone of S(N)

Respectively the farthest and closest
border of CZ(N) so they verify:
(CZ.(N)-CZ(N)) . Vx>0

CZ.(N) & CZ(N)

H(N) Head of S(N)

M(N) Member of S(N)

SM(N) Super member of S(N)
TABLE(N) Table in which the head stocks requisite

information about its members

C. CSP protocol

In CSP consists of two modules only: (i) dynamilesion
of heads, and (ii) management of vehicles tramsiietween
the segments.

1) Head selection

Initially, a head is elected for each segment distributed
way. Each node N in the CZ of one segment compates
IE_Factor (Initial Electing Factor) according to).(2The
IE_Factor reflects the expected time to be spe@(N).

CZ, (N) - xN

IE_Factor(N)= v
N

)

Each node N waits for a backoff duration whichigersely
proportional to its IE_Factor. Then it broadcastdead Decl
in S(N). When they receive thdead Decl, other nodes of the
segment stop sending thélead Decl, set theirs own states to
MEMBER, register the information of N as new heanl] send

a Member_Req to N. Therefore, N registers each of them in

TABLE(N). The elected head checks periodicallygtssition
(Period R checy and estimates its next one according to (3).

the

Next_Pos(N) = Xy (N) +Vy. PH_check 3

If N considers leaving CZ(N) aftek; (A; <Py checy, it
broadcasts &lead Resign in S(N). Each member M of S(N)
who receives thélead Resign and fulfills the conditions (4) or
(5) is a candidate to be the new head of S(Nhdhtcomputes
an E_Factor (Electing Factor) which reflects thinested time
before reaching CZN) using the same formula as (2).

(Vm -VN >0)& (M doesnot yet reached CZ,(N)) (4)

(Vm VN <0)& (M issituated inCZ(N)) (5)
The conditions (4) and (5) correspond respectivigly
vehicles in the hashed zones in segments K-1 afffdg<2).

Each candidate waits for a backoff duration whish i
inversely proportional to its E_Factor then it seatiead Req
to N. When N receives thdead_Req sent by a head candidate
M it sends aHead_Ack to M in which it includes TABLE(N).
When M receives theHead Ack it saves the segment
information in a new table (TABLE(M)), changes #kate to
HEAD and broadcast Head Update Ack in S(M). Hence, N
can remove its table and changes its state
SUPER_MEMBER. The other segment members receitiag t
Head Update Ack change their head and stop sending
Head_Req if they are head candidates.

After changing its state to SUPER_MEMBER the prasio
Head (N) runs as gateway: it routes the packetsbsethe new
head to the neighboring segment. This argues ttetlfat the
area of candidates circulating in the same waytti@previous
Head was wider than the one of candidates ciragati the
opposite way in Fig. 2.

2) Inter-clusterstransition

When entering in a new segment, a node N verifies
periodically its position and estimates the nex¢ aising the
same formula as (2) with a period,R If N considers leaving

its segment afterA | (A ; <P L., it broadcasts a
Mbr_Add Req. Receiving this request, the head of the next
segment adds N to its table and sentitha Add_Notif. When

N receives thélbr_Add_Notif, it sends avlbr_Remove Req to

its head. Receiving this request, the current hreatbves N
from its table and sends Mlbr Remove Notif. When N
receives theMbr_Remove Notif, it updates its segment and its
head and sets its state to MEMBER.

to

D. F-CSPvariant

F-CSP (Fundamental CSP) is a variant of CSP in lwhic
potential candidates to be HEAD are the vehiclegatd only
in the CZ of the segment. The other nodes are d&dleven if
they circulate in the same way that the currendhéa this
variant, only two states are defined, HEAD and MERMB As
heads are in the CZ of their segments, and makiogyance of
(1), neighboring heads can reach each other withemuiring



any super member. The problem with this solutionthis
limited life cycle duration of clusters comparingtwCSP.

IV. SIMULATIONS AND RESULTS

In this section, we study the performances of aelf-s
organizing protocol. To accomplish this purpose, used
Qualnet simulator [10] to simulate an advertisendiffusion
application and we compare its performances witlsehgot
when using an intelligent broadcast (Each nodedwasts each
packet only one time).

A. Smulation settings

In primer approach we have chosen to simulate @# ©
see the behavior of our protocol. The vehicular emo@nt
pattern generation is based on a 2800-meter lengthportion
which is divided in 8 segments. In this portion ariable
number of vehicles are deployed randomly.

In our simulation, results are averaged over 6 ams all
the key parameters of the simulation are summaiizédb. 2

TABLE II. SIMULATION PARAMETERS
Parameter Value
Simulation time 30 sec
Number of segments / ECA 8
Communication range 500 m
Segment / Central zone length 350 m/ 150 m
Road width 30m

PH_check& P check 0.4 sec & 0.5 sec

Data packet size 512 bytes

Packet sending interval 0.1 sec—-0.7 sec

Number of vehicles / ECA 100 - 300

30 km/h — 50 km/h

Vehicles velocity

B. Smulation results

The performance evaluation focuses on two aspédatsiro
solution. First, we study the life cycle duratioh @usters.

Then we evaluate the performances of an advertiseme

application with and without CSP, by analyzing therhead,
the delivery ratio of packets and the end-to-erdyde

1) Clusterslife cycle duration

30 km/h < Velocity < 50 km/h
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Figure 3. Clusters lifetime vs Network density

2) Overhead

In Fig. 5, we evaluate the overhead of CSP, F-Q&Ptlze
intelligent broadcast as function of vehicle densio, we
simulate the diffusion of 10 advertising messagesnie ECA.

We can observe that the increase in network density
induces an increase in the routing overhead fon 8P and
F-CSP, which is totally expected since the numbezomtrol
messages depends on the number of nodes. On odethan
most overhead in case of CSP and F-CSP is due o th
organizing architecture and only a cut-amount ig duw the
advertisement diffusion, therefore if we incredse number of
advertising packets, the overhead produced in ¢b€&SP and
F-CSP changes slightly. On the other hand, overgeadrated
in case of classical broadcast without self-orgagiz
architecture is due the fact that all vehicles boaat the
advertising messages. So, if we increase the nunaber
advertising packets, the overhead increases ljnearl

30 km/h < Velocity < 50 km/h

Overhead (10° Bytes)

100 120 140

NEt'v\-:Dli‘. D:Ir:s ity
Figure 4. Overhead vs Network density

3) Deéliveryratio
In Fig. 6, we present the obtained packet delivatip of

Fig. 4 shows the mean of the life cycle duratiom fo the two variants of CSP and the classic broadésststated

different traffic density (the number of vehicleanges from
100 to 300). We notice that CSP procures clustene ratable
than those brought by F-CSP. This is due to the tfaat in
CSP, the nodes have the possibility to be electdteads since
they go in a new segment.

In addition, in Fig. 4, it is observed that in C#f® clusters
are more stable as vehicles number increasesisTeigpected,
since the probability to find a node at the enteawd the
segment when Head_Resign is broadcasted is higher.

before, the application sends periodically CBRficafvith a
512 byte packet size within intervals that rangamfr0.1s to
0.7s. We consider here 200 vehicles.

Even with the highest sending rate that correspdads
packet sending interval of 0.1s, we notice that pratocol
shows good delivery ratios (~ 92% for CSP and ~36f4--
CSP) while intelligent broadcast shows deliveryoratf 60%.
This is due to the fact that CSP and F-CSP lingtrihmber of
nodes having to send each packet. The delivery ohtF-CSP



is lightly upper than the delivery ratio obtainedthwCSP
because unlike CSP, in F-CSP, only the segmentsheack to
send packets (diffusion and relay).

30 km/h < Velocity < 50 km/h

i= = "
0.95 / :

Delivery Ratio

) 0.1 0.2 03 0.4 05 0.6 0.7
Packet sending interval (sec)

Figure 5. Delivery ration vs Packet sending interval

In Fig. 7, we set the packets sending interval.is,0and
we vary the number of vehicles. We remark thatdhtined
delivery ratio still upper than 90% apart from tlensity of the
network. On the other hand, the values obtained lie
intelligent broadcast fall to 60%.

30 km/h < Velocity < 50 km/h

Delivery Ratio

ti

100 120 140 160 180 200 20 240
Network Density

Figure 6. Delivery ration vs Network density

4) Endto End delay
In this subsection, we compare the End to End detasn
using CSP/F-CSP and the intelligent broadcast.

As we can see in Fig. 8, CSP procures delays odinee
order of magnitude as those procured by the igtsil
broadcast. Indeed, in our case, both of them ugezimately,
the same number of hops to reach destination.

30 km/h < Velocity < 50 km/h

End to End Delay

iy 6.0 180 2
Network Density

Figure 7. Delivery ration vs Network density

V. CONCLUSION AND FUTURE WORK

In this paper we introduced Cluster-based Self+umjag
Protocol (CSP) for hybrid vehicular networks. Itifdates the
network management task and permits to deploy pat®ply
of services. For example, it allows telecommunar@gervice
providers to better exploit/extend the existingastructure by
overcoming its limitations using a low-cost multgh
technology. CSP facilitates the deployment of di51and
broadband applications based on data disseminatiotata
gathering.

We demonstrate via simulations that CSP is optintan
using an advertisement diffusion application onttieof it. In
addition CSP does not generate a great routingheaer since
it relies on fix segments to organize the netwdfke are
currently extending this work by performing othettemsive
simulation in order to study the extension of C8Rvider to
handle the handover between the different ECAs.
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