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Abstract—Supporting future large-scale vehicular networks
is expected to require a combination of fixed roadsideinfrastructure
(e.g0- Road Side Units, RSU) and mobile in-vehicle technologies (e.g.
On Board Units, OBU). The need for an infrastructure, however,
consider ably decreases the deployment area of VANET applications.
In this paper, we propose a sdf-organizing mechanism to emulate a
geo-localized virtual infrastructure (GVI). Thislatter is emulated by
a bounded-size subset of vehicles currently populating the
geogr aphic region where thevirtual infrastructureisto be deployed.
The GVI is designed in order to help the efficient support of
dissemination-based applications. It can also be very useful in
several I TS applications. Simulation results show that the proposed
GVI mechanism can periodically disseminate the data within an
inter section area, efficiently utilize thelimited bandwidth and ensure
ahigh delivery ratio.

Keywords Vehicular networks, Virtual infrastructure, Dissewiion,
Performance evaluation.

l. INTRODUCTION

Vehicular Communication Networks (VCNs) have enmgrggethe
cornerstone of the envisioned Intelligent Tranggionnt Systems
(ITS). By enabling vehicles to communicate with each othier
Inter-Vehicle Communication (IVC) as well as withadside base
stations via Roadside-to-Vehicle Communication (R\&hicular
networks could contribute to safer and more efftaieads.

The opportunities and areas of applications of V@hsgrowing
rapidly, with many vehicle manufacturers and pevatstitutes
actively supporting research and development is fieid. The
integration with on-board sensor systems and tlegressive
diffusion of on-board localization systems (GPS)kend/CNs
suitable for the development of active safety appitins, including
collision and warning systems, driver assistanqaications and
intelligent traffic management systems. On therdthad, VCNs also
fuels the vast opportunities in online vehicle gatement (such as
gaming or file sharing), and enables the integratiith Internet
services and applications [1]. Many of these agiitios rely on
distributing data, e. g., on the current traffituation, or on free
parking lots. Often, data needs to be distributent fong distances,

for example to allow a driver to choose betweeferdifit arterial
roads when driving into the city center. Typicasiuch applications
are based on some form of proactive informatiosedignation in an
ad hoc manner - i.e. by forming Vehicular Ad hoctvideks

(VANETS).

Proactive information dissemination is, howevedifficult task
due to the highly dynamic nature of VANETS. IndedNETSs are
characterized by their frequent fragmentation idisconnected
clusters that merge and disintegrate dynamicalyirizaddition, the
results presented in [3] clearly show that durihg tollout of
VANET technology, some kind of support is needethe@vise,
many envisioned applications are unlikely to workilua large
fraction of vehicles participate.

One of the largely accepted solutions towards iefiicdata
dissemination in VCNs is by exploiting a combinatiof fixed
roadside infrastructure (e.g. Road Side Units, R&td) mobile in-
vehicle technologies (e.g. On Board Units, OBUY. &ample, in
[4], roadside base stations are used to bridgeorietpartitions in
vehicular networks. A car already informed of acident forwards
the alert when passing by a roadside base st&idzequently, the
base-station forwards the message to other baisestacated in the
alert zone. Each of the informed stations peridigibaoadcasts the
alert to inform passing vehicles. Another recentingxde of
broadcasting protocol specifically designed foriagar networks
with infrastructure support is the Urban Multi-hBpadcast (UMB)
protocol presented in [5]. UMB gives insightful uts in terms of
successful delivery rate. However, this is obtawd the help of
repeaters at the road intersections. The neednfanfiastructure
considerably decreases the deployment area of UAgBebnetworks
as UMB fails to handle intersections without a etge So, while
such infrastructure-based approaches may worktheyl,may prove
costly as they require the installation of newaisfructures on road
network, especially if the area to be coveredigla

Thus, we propose in this paper a self-organizingham@sm to
emulate a geo-localized virtual infrastructure (5 a bounded-
size subset of vehicles populating the concernegdrgphic regions.



This is realized in an attempt to both approacttiagoerformance of
a real infrastructure while avoiding the cost sfafling it. A vehicle
that enters the geographic region of a GVI atterapgmrticipate in
the mechanism; a vehicle that leaves the geogregajin ceases to
emulate the GVI. If all the vehicles leave a G\eglion, then the
GV falils; if vehicles return, then the GVI restart

A critical question that arises is where to pasittee GVI, in order
to allow for a best-possible support of VANETSs.STtééepends on in
which environment the GVI will perform and for whiapplication.
As we are dealing with the city environment, aerisgction sounds
suitable as geographic region because of its beeof-sight and
also because it is a high traffic density areacklgthe proposed GVI
mechanism can periodically disseminate the datanwat signalized
(traffic lights) intersection area, controlled ixefl-time and operated
in a range of conditions extending from under-saéd to highly
saturated. Thus, it can be used to keep informative around
specific  geographical areas (nearby accident
advertisements and announcements, available pdokiaa parking
place, etc.). It can also be used as a solutiothéoinfrastructure
dependence problem of some existing disseminatioioqols like
UMB [5]. One should also note that the GVI mechan@n be
preferably instantiated in intersections with aceptable level of car
density (like in downtowns and highly used roatis)ntersections
implying low car densities, we can either decidelaléng GVI or a
static repeater. These situations being rare irop@itan areas, the
implied consequences remain reduced.

The rest of this paper is organized as followsti@edl describes
the GVI scheme. Section Ill describes simulatidtingeand results
followed by a discussion of relevant applicatiofishe system
in Section IV. Finally, Section V concludes the pagepicting
future research directions.

Il.  GEO-LOCALIZED VIRTUAL INFRASTRUCTURE

The geo-localized virtual infrastructure mechanisomsists on
electing vehicles that will perpetuate informatimnadcasting within
the intersection area. So, the GVI mechanism isposed of two
phases: (i) the first phase is selecting vehiclde to reach the
broadcast aréa(ii) in the second phase, only one among thetsele
vehicles is elected as the local broadcaster lllpeiform a local /
single hop broadcast once it reaches the broaateast

Note that GVI considers that each vehicle partitigain the
mechanism knows its own geographic position aneédspsing a
Global Position System (GPS). Furthermore, we denghat such
vehicles can determine the position of urban iettiens through
pre-loaded digital maps.

A. Selecting vehicles candidates

Among the vehicles which are around the intgige, only
those which are within the notification area copétticipate to
the GVI mechanism. They are selected as candidatlysif
they are able to reach the intersection center. cdmsidered

1 a small area around the center of the intersectibere an elected vehicle
could perform a local broadcast.

vgsnin

notification area is a region around the interggcstarting at
TR/2 before and extending to TR/2 beyond the ietdisn

where TR is the transmission range of a vehiclgure 1
illustrates the candidate vehicles selection whetgcles {A,

B, C, D, E, F, G, H} could participate to the GVieghanism
since they are located within the notification awmesd only
vehicles {A, B, D, F} are selected as candidatesase they
are moving towards the broadcast area.
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Figure 1 — Selecting vehicles candidates in GVI mechanism.

B. Electing local broadcaster vehicle

Each vehicle selected as candidate starts byutmghe time
periodAt needed to reach the center of the intersectiosidiring its
geographical location, direction and speed. Acogrdd this time
period At, it computes a weighR(At). This one has to be maximal
when the expected time periat matches the desirable GVI
broadcast cycle timE and it decreases when we are far fion©One
possible function for computing the weight is gil®nequation (1)
(See figure 2). Note that other forms for this fiamc(e.g. triangle)
can also be considered.

1 t-T
PQAY) = ——— X -1/2 2 (1
() = = exp (A—a ) (@)

where J is a constant defining the width of the bell curve.
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Figure 2 — Calculating the weight P corresponding to thegtim
period 4t that a vehicle needs to reach the broadcast area.



vehicles B and C informing them that it has beescteld to

Based on the computed value Rifeach candidate vehicle perform the local broadcast once it reaches thadwast area
will be assigned a waiting time determined throutjie around the center of intersection I.
following formula: Thus, the proposed mechanism described in phased 2

ensures that among all vehicles which are aroung th

), (2 intersection, only one vehicle will be selectedperform a
single broadcast when it reaches the center oifiteesection.
This is to avoid collision and interference probgem

Once vehicles within the transmission range of etexted
vehicle receive the broadcasted message, theypuiticipate
in the election of the next local broadcaster folltg phase 1
and 2. Note that the elected vehicle has alwaysltsest time
duration to T. Hence, we can ensure that our GVIpeirform
a periodic local broadcast. Figure 4 illustrateg thhole
process of vehicle election in the GVI mechanism.

WT(P) = MaxWT( 1 -
max
Thus, the candidate vehicle with the highesigiateP will

have the shortest waiting time WT to broadcast artsh
informative message telling other candidate vehithat it has
been elected as the local broadcaster within theesponding
GVI area. One should also note that, the probghifihaving a
collision between two of these informative messagesmall.
This is due to two reasons, the length of thesesages and the
number of vehicles that may compute similar weightn the
unlikely event of a collision among two broadcasteessages,
the GVI will have multiple elected nodes for tharesponding

WT elapsed?

time interval. All these elected nodes will perfothe local Siars: A list of
broadcast while arriving at the intersection certstead of candidaies vetucies
one. So, such collisions will not break the GVI. :

The reason to choose the notification aredistaat TR/2 e e cration
before the intersection is that the elected veltieg to inform T
the other candidate vehicles. So, its transmissoge should
cover the points within the proposed borders. éwtlorst case, Compufgfngggﬁwmg
the elected vehicle is TR/2 away from intersectma it can 1
cover th_e points up to TR/2 away at the other sifidhe Gttt [T 15) e
intersection. Jinction of prodabiliy B
i B T
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i é ‘ lll.  SIMULATION & RESULTS
LB . . .
G | ra In this section, we present the performance evialuaif
. l the GVI mechanism. We built our own simulator based
@ queuing theory and realistic vehicular mobility rebdndeed,

the model of the queue length and of the vehialesrsection
stay is crucial in the study of the performancetiud GVI
An example of vehicle election is illustrated ingéie 3. mechanism. The main objective of this simulatiamdgtis to

Having been selected as candidate nodes, vehiclesahd ¢ discuss whether or not GVI mechanism can ensured g
start by computing the time periat to reach | (the center of reachability (in terms of number of informed vekilwithin

the intersection) considering their position, diiet and speed. the destination regiop and a low overhead (in terms of
We assume that vehicle B will have a long time qubrkt, ~ 2Verage number average number of copies of the ssssage

since it is stopped at the traffic light. Vehicleh@s a very short '€ceived by every informed vehictiiring its stay within the

time periodAtc since it is very close to I. Vehicle A requires glestination region). Note that GVI mechanism isigresd to
time period At, very close to the broadcast cycle time TSOIVe the infrastructure dependence problem of semisting

Consequently, A will have the highest value of Pshewn in
the bell curve an_d at the_ same t'me* will_have shertest % an area around the center of the intersection evhadius is equal to the
WT(P). Thus, vehicle A will be the first to sendreessage t0 vehicles' transmission range.

Figure 3 — Electing the local broadcaster in GVI mechanism.



dissemination protocols; and, to the best of owwkedge, is not Table 1 Simulation setup.
really explored in literature. For these reasond, i§&not compared
to other dissemination protocols.

SIMULATION / SCENARIO

Simulation Time 1.000.000s
; ; Cycle Time (C=Tg+Tr 80s
A. Simulation model Red 2; Green Irfterva% (Tg;,Tr) (40s,40s)
The simulation is based on a signalized, two divact Service Time 2s
intersection without turning movement (Figure 5)hene Transmission Range (TR) 200m
vehicle arrival follows Poisson distribution wittagameteri. Broadcast Area 340 m?
The arrival rate and departure rate (saturatiow flate) of the Intersection Regionx((TR/2)%) 31400 m?
North-South (N-S) direction arkl andvl, those of the East- Destination region xTR?) 125600 m*
. . Broadcast Cycle Time 5-40s
West (E-W) direction arg2 andv2. Vehicle velocity (city) 30-50+5 Km/h
|
|
l\; B. Simulation results and analysis
| Using the above setting, two sets of scenarios were
‘M( | conducted:
Al Casel: Symmetric intersection with equal arrivatesa
. | - In this case, the departure flow rates of two dio&xs (,and
|

v,) are equal to 0.25 veh/s, the arrival rates of tlivections

broadcast cycle time leads to an increase in thigbdoss.

This is expected since if the broadcast cycle tisn®o long,

vehicles pass the intersection before one cycishiés and then
fail to receive the data. Consequently, when tloeadcast cycle
time is smaller than 20 seconds; almost all vebigkt the data
since even the fastest vehicle takes more thane26nsls to
move across the intersection.

c o € A2 w (A1and4i,) are equal, range from 0.1 veh/sec to 0.2 veh/s.
CE ‘ S S -
— Figure 6 shows the relation between the broadga$t @and
e : ] the percentage of vehicles which fail to receive data time
| under various vehicle traffic loads. It can be lgasoticed that
(M under the same vehicle traffic load, the increasethe
S\
1

Figure 5 - Simulation scenario —

We consider vehicles arriving at a traffic signah Bn a
one-lane approach. The cycle ti@gof the signal consists of

. . = t t t th | | rat

red and green periods of lengifr and Tg respectively. 0.06 . JIee TeRon v P A .

Vehicles will form queues due to the presence ef tiaffic I Lo+ Trafiic Density (tho = 0.4) :

signals. The service time of a traffic signal imsidered as o] o ——R R DU TR0 iAo Sl P
! I High Traffic Density (tho = 0.8) ' i i

constantS, it corresponds to the necessary time to go throug
the crossroad. By the above consideration, we gpress the
departure rate ; as

.
— ¢]
v, = }g-—Tg e ©)

Hence, in order to characterize the vehicular itraffthin a
traffic signal, we can compute the correspondiaffitr loadp,
expressed as the ratio between the arrival raterendeparture
rate:

MNon infarmed v ehicles [%]

—_ /] ST +T|' 0 5 10 15 20 25 30 38 A0 45
Ioi AN T ' (4) Broadcast cycle (sec)
g Figure 6 — Non informed vehicles vs. broadcast cycle ticas€ 1).
Most experiment parameters are listed in table 1. Another observation is that under the same broaduade

time, more vehicles fail to receive the data asvitecle traffic
density decreases. This also can be explained bycles
intersection stay: when increasing vehicular teaffiensity,
speed of vehicles decreases [6], which in turneiases the
intersection stay. While under low vehicle tratfiad, vehicles



move faster and then may pass the intersectioroutithetting
data.

Figure 7 reports the average number of copies @fsdme
message per informed vehicle as a function of tleadrast
cycle time and for different vehicle traffic load3bviously, the
obtained curves show that the higher the broadoade time
is, the smaller the number of copies is. Intergstinthe figure
shows also that when the broadcast cycle timegis @#0s), the
average number of copies is almost the same uritfereaht
vehicle traffic densities. This is because the Hcaat cycle
time is so high that the increase in vehicles ggetion stay
due to vehicular traffic density variation does haks a great
impact on the number of copies the same messageeasved
by a vehicle. In fact, the mean number of receptiérthe
broadcast message is approximately equal to the@ swaurn
time divided by the broadcast cycle tiffie

The two figures show the kind of trade-off that che
achieved by changing the value of the broadcaste ctme
between the number of copies of the same messhageigta
measure of cost to provide the service) and théahiity to
inform a vehicle (that is a measure of quality efvice).
Clearly, in order to guarantee high probability informing
nodes, large redundancy in terms of number of sopfethe
same message is needed. It can be easily notisedtsdt for
the simulated scenario, a broadcast cycle timeddetonds is
an example of a good trade-off since it guarantdes
information delivery in the intersection area amtmases the
generated traffic.

Symetric intersection with equal arrival rates

I I I
==#- Low Traffic Density (tho = 0.4)
===+ Medium Traffic Density (tho = 0.6)
-+ High Traffic Density {tho = 0.8)

Average number of copies of the same message

Broadcast cycle (sec)

Figure 7 - Average number of copies of the same messagiveec
by every informed vehicle (case 1).

Case2: Symmetric intersection with different artirstes

In this case, the arrival flow rates of two direas are
different in order to simulate an intersection ledw a main
road and a crossing road, the load)(of the N-S direction
ranges from 0.9 to 0.6 whilg2, the load of the E-W direction,
increases from 0.3 to 0.6. The shape of the curvélsis case
(Figure 8 and Figure 9) is very similar to thetfioge.

Symetric intersection with different arrival rates
0.012 T T 1 T T T T T

{tho1=0.9 & rho2=0.3) |}
{thal=0.8 & rho2=0.4) |}
{tho1=07 & tho2=0.5)

(tha1=0.6 & rho2=05) |:

|

0.005

0.006

--------------------------------------------------

MNon infarmed v ehicles [%]

0.004 p------- s DETEE
0.002 f------- e e S
0 1
0 5 10 15 20 25 40 45

Broadcast cycle (sec)

Figure 8 — Non informed vehicles vs. broadcast cycle timas€).

From the results we can conclude that no matter the

saturation flow rates and arrival rates of the tirections are
symmetric or not, the probability to inform a vdkiincreases
for low broadcast cycle time while the number opies of the
same message decreases for high values of broacigast
time.

Symetric intersection with different amival rates
1 T T T T I I
: : : : tha1=0 9 & tho2=0 3}
0.8 & tho2=0 4 ||
0.7 & tho2=0.5)

hal
tho
tho
tho1

Avwerage number of copies of the same message

Broadcast cycle (sec)

Figure9 - Average number of copies of the same messagiveec
by every informed vehicle (case 2).

IV. DiscuUssION

Before we begin to discuss what kind of servicadaprofit
from the GVI mechanism, we have to define what s#its a
solution should have. In other words, we have findevhat is
the information the vehicles have to broadcastagiécally,
where do they get it from, for how long a messagsukl be
kept alive, etc.
communication research that it is not trivial oeevmpossible
to define semantics suitable for most or all agtians. In the
following, we will describe two location-based sees with
their semantics:

However, we know from other group



- In [7],
mechanism, IFTIS, for the estimation of traffic digy in a
city-road traffic network. The traffic informatiois collected

using a data packet relayed between groups of beshic

following a unicast path until it reaches the desion

intersection. Then, we simply elect the first GWbcal

broadcaster as the first vehicle who receives thesage inside
the intersection and switches from unicast to beaatl Such
information is important for drivers to optimizeeih travel, to

alleviate traffic congestion, or to avoid wasteflriving. So,

the GVI mechanism is suitable to keep this infoforaabout

congestion alive within an intersection area. Thak, the

vehicles passing by the corresponding area will Kept

informed.

- In [8, 9], the authors presented several approadhies
disseminating a warning message to all reachablke @a the
highway within the nearby accident area. Howeusgijrtfocus
is on instantaneous delivery of the alert withie tcnity of the
accident area. It is also important to keep sudrt alive
around entries such that other vehicles enterirghighway
could receive the message and then take precauiortsange
their travel path to avoid the condition. In sudersario, the
GVI play the role of an accident warning sign witlai highway
entry. The initial sender of the message is tlastezd vehicle.
It uses a unicast geographic routing protocol tbvee the
message to the GVI area.

Note that the GVI mechanism provides a bestreffervice
without guarantees. In other words, our approadsdwt try
to achieve reliability and is not suitable form sororitical
safety services like an Urban Intersection CollisMarning
(UICW) [10]. Therefore, reliability mechanisms aneot
discussed in this paper.

Finally, one should note that the GVI mechanismalso
suitable as a solution for the infrastructure deleeice problem
of some existing dissemination protocols like UMB. [

V. CONCLUSION AND FUTURE WORK

In this work, we presented an elegant solution failding a
Geo-localized Virtual Infrastructure using intetide ad-hoc

we presented a completely decentralized
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