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ABSTRACT

Vehicular Ad Hoc Networks (VANETSs) are emergig asthe
prefered network design for intelligent tranportation systems
and are envisonedto be useful in road safe and comnercial
applcatons. A significantissue h VANETS is the degjn of an
effective broadcasscheme which can facilitate thefast and
reliable dseminationof critical safety messages to neighbouring
vehiclesin case ofan unexpected eventsuch as trafic acédent.
Towards this goal, we propog a novel Speed Adptive
Proksbilistic Flooding algorithm (SAPF).. Its dedsion to
rebroadcasa messge isbagd ona probability, evaluated using
the speed of the vehicle. The algofim enjoys a number of
benefitsrelative to other appraches it is simple to inplement
and does not intrate additionalcommunicationburden as it
requires locd information only it does notrely on the exisence
of a pogtioning s/stem which may not always be availableand
aboveall, mitigates theeffect of the bradca$ stam probdem,
typical when utizing blind flooding. Ourreasilts indicate tht the
propoed algaithm outperforns blind flooding, egecially in
cases of heay congestion. The SAPF algorithmachieveshigh
reachability and unlke blind flooding, it al®o maintins low
latencyas the denty of vehiclesin the road netwdrincreass.

Keywor ds: VANETs, DRC, Hooding, $\PF

1. INTRODUCTION

Vehicular Ad Hoc Netwdes ae emeging asthe preferred
network degyn for ITS technologis. Vehicles employwireless
communicatiorto form Ad Hoc networkwhich areenvisioned to
acomnodate thenew generation of cooperativead safety
applications A major challengein such an application ishe
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design of arefficient broadcasscheme which will facilitate the
fast and reliable dissemination of the erly warning mesageto
the approaching vehicles

A straightforward solution is flooding [1], an approachwhich
involves each \ehicle rebroadcasting the nmegye wheneverit
receives it fotthe first time. However, blindloodingis knownto
geneate a largenunber of redundant meages leading to
contention a&ad unnecesary collisions This is known as the
Broadcat Storm Problem [1]. Several techniges have been
propo®d in literatureto alleviae this problem[2-11]. The nain
ideahasbeento reducethe number of nodes rebroadd¢as the
messgewithout dfecting thetotal numbeof nodes receivingthe
messge.The various popogd soltionsthen differ in the rethod
with which this retricted set of nodes is chars

Specifialy for VANETS, the most poputaapproach hakeen
to choog vehicleswhich lie on theboundaryof the transnission
rangeof the vehicle @nsmitting each mesge [1214]. However,
this methodassunes the availablity of a posiioning /stem, sich
as GPS, which may not always be available Our main
contribution in ths work is to developa newbroadcas scheme
which doesnot rely on the existece of a pasioning system, and
only relies on local infomation. Inorderto reduce the umber of
vehicles rebroadcting the mesage we employ prababilistic
flooding and in adition, we adaptivelyregukte the rebroadcas
probabilities, basd on the vehicle speed® optinally reduce
messige deliverydelays caused byncreasd contentionjn areas
with high vehicle destites. We referto theproposed scheme as
SpeedAdaptive Probaltistic Floading (SAPF). The main idea is
that each vehicleupon receivihg anemergencymessage br the
first time, decides toebroadcasthe messge vith propablity p
whose value is calculated asumdtion ofthe speed athe vehicle.
This function ams at mapping # speed of the vehicldo the
optimal rebroadcasprobability value which coincides wh what
is known as thectitical” probability. As we show in this paper
probablistic flooding in VANETSs is chaackrized by phase
transtion phenonena which dictate optimal valuesfor the
rebroadcasprobability at the oset of the tansitons. A these
optimal values high redwbility is achieved \ith the minimum
possble latency The® optimal values however, dependn the
vehicle densitieswhich in turn are known to dependn the
vehicle speeds[21]. In this paper, we investigate these pleas
transtion phenonena and theforementioned relatiohgps and
derive a piecewise ihea function relating the rebroadcas
probabilty with the vehicle speed. Tk function congitutes the
basisof thepropogd SAPFscheme.



The algorithm enjog a number of benefits relatevto otter
approaches: iis simple to implement and doesot introduce
additional communication burders & requires local information
only, it doesnot rely on the existee of a pasoning system
which maey not always be avélable andabove all, mitigates the
effect ofthe broadcasstorm problem typical whenutilizing blind
flooding. Our results indicatethat the propas algorithm
outperforms blind flooding, especially in cases of heavy
congestio. The SAPF algorithm adieves high reabability and
unlike blind flooding, maintains low latencgs the dengty of
vehicles inthe road netwdrincreases

The pape is organizd asfollows. In €ction 2,we presenthe
rationale behind our desigohoices and the adoptediesign
methodologyand insection 3 wepresent theystem architeture
and implementation detailsf the propogd SAFR- algorithm In
section4, we evaluate theperformane of the proposd scheme
using simulaions and finallyin section5 offer our conclusns
and futue reseash drections

2. Design Rationale

In this sectionwe preent the rationale behind our dgs
choices and #hadopteddesignmethodology Ou objective has
bee to design an effdive broadcastchenme which facilitates
reliable ad fag ddivery of energency mesagesto neighboring
vehicles n case ofan unexpected evenich asa traffic acddent.
Prokabilistic flooding was chosn asthe candidatesolution in
order to mitigate theeffects of the bpadags storm problem
enmuntered when usg blind flooding. In order, howevero
achieve optimal peformance there is a need to setthe
rebroadcasprobability at eachvehicle adaptivelybased on the
vehicle speed. Our asoning behind this ighe following: low
vehicle speedsin a freewy setting imply high vehicle density
[21], which thenimplies hat high eachabilty can be adeved by
choosig relatively low rebroadcat probability values
Prokabilistic flooding in Mdbile Ad Hoc Neaworks is known to
yield phase transiton phenorena. As the rebroadcat probability
increases there exists a threshold value lyend which
reachability suddenly appoades 100 percent with high
probability [18-20].

This caitical value is therebroadcasprobability of choice as it
guaranteesigh readability and lowdelay: If higher rebroadcas
probabilties ae chosn high eachabity is stll achieved,
however, delay may increase due tomor vehicles
rebroadcaing the energency mesages. Howeve the criical
probability depends on the ode densy. In a vehicularsetting,
the vehicle densityis also known to relate the vehiclespeed.
So, bysuitable choice oftte rebroadcagrobebility asa function
of the vehicle speed optimal perfoancecan be achievedat dl
traffic densities.In the remainde of this section, we show the
method adoptedto derive the desitkrelation$ip between the
rebroadcas probability and the vehicle peed. We first use
simulations to find the critical probability at vafous vehicle
densities and thensa known relationships tveeen the vehicle
density andthe peed toderive the desired relationship between
the rebradcas probabiity and the vehiclepeed.

All the simulation experiments wereomucted usgg an
integrated platfan corbining two smulators, VISIM, atraffic
simulator, and ORET Modeler, a network simulator. The
assimed etting is the fdlowing: A vehicle that detectsan
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unexpeted road hazardecomesan abnorral vehicle (AV) and
transnits ingantly an early varning messge (EWM) to wam
approaching vhicles of theimminent dnger. Fdowing the
specificaions of the 8021b standard, theéransmissn range of
all vehiclesis setto 300 metersUponreception 6 the EWM for
the first time a vehiles decidesto rebmmadcad the mesagewith
probability p, or decides not rebroaat the mesage with
probability 1-p.

The perfomancemetricsthat weconsiar in ou study arethe
number of nodes which ceive the transmitted emergency
messige, protocol cerheal, and the latency The lateng is
defined as the time intesl between the inant he mesage is
transnitted by the vehicle deteding the rad hazard andhe
instant that the &st vehicle inthe netwok receivesthe messge.
We use two meastes forthe protocoloverhead, thewumber of
badoffs and the omber of rebroadcés A nodeentersa backoff
state before e transission and afer the mediumis sensed @
be non-idle and is an indigive meaure of the protowl
contention.

The choen test siteis a two lane higway which spansa
distarce of 6Km. We conduted a number & experinents to
reflectdifferent cenarios. Our dyjective hasheen to examirm the
behaiior of the above performance metrics awe change the
rebroadcas probability and the vehicle dasity. We have
consideed rebroadcast probaliy valuesin the mange Oto 1 in
stepsof 0.1. Togeneate scenaos with different vehicle deiitses
we consdered different rat®f vehiclesentering thechosen teg
site. We congddered the following penetratiorates 5 vehicles
per kilorreter per lae, 10 per kilorater perlane, 20per kilometer
perlane,30 perkilometer per lane, 40ep kilometer perlane and
50 per kilometer per lane. All valueobtaned are avergesover
10 simulation experiments.

Fig. 1 shows the percentageof vehicles receiving the
emergency warning mesage aswe change the rebroadcats
probabilityand the vehicle penetian rate. Fo a particular rate it
is evident tlat there exstsa citical threshotl probability beyond
which the numberof vehicles reeiving the mesasge sudehly
increasesand says almo$ constant. This sudden ®ange is
compatible with phag transition phenomenaobserved inthe
literature of random graphsand percolationtheory. We also
observethat as the peatration rateand thusthe vehicle density
increasesthe critca threshold decreases

100

— Vi lesfkm flane

60

— 30 Vehicles/km/lane

Percentage of Vehicles Recieved EWM {')

20

0 061 02 03 04 05 06 07 08 08 1

Probability {p)

Figure 1: Rrcentage of Nodes Received EW vs. Prdoability



In Fig. 2, we have plded the dtical probability vs. the
correponding peneation rates. W observe an almoslinear
deaease of the citical probability as the penetrationrate
increaseslp to a satuation point (9 per kilometer per lane) afte
which the criical probabilty stays congant. Thissatugtion is due
to the Bd that after somvalue of the penetationrate the vehicle
density remains almos$ consaént since the capacity of the
particularroad hasbeenreache. Fa a particulr section of the
roadthereis a maximum number of vehicleghich can be prest
simultaneousy in that section.
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Figure 2: Critical Probability vs. Vehicle Densties

Our next objective is to find the desred rebroadcas
probability valueat each vehicledensity. The desredvalue isthe
one which achievekigh reahability but mininizes the overhead
and thusthe ddlays. In Fig. 3,we presentthe numberof backoffs
reportel as we vary the rebroadcast probabilityand the
penetratiorrate of the vehicles. Wobserve similar behaviot al
rateswith the number of backoffincreasng aswe increase the
rebroadcas probability. This is expected as highrebroadcas
probabilities implya larger numbenf vehiclescontentingfor the
common medium
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Figure 3: Nimber of Nodes Badkoffs vs. Protability

The greater contention observed as waeéase the penettaon
rate is caused pmarily due tothe larger number of vehicles
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trying to rdéroadcat themessige.This isverified in Fig. 4where
we plot the number of rebroadcas versis the penetrationrate.
We obsrve that at all penetratbn rates as we increasethe
rebroadcasprolability the nunber of vehiclesreboadcating the
messge increasess well.
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Figure 4: Number of Nodes Boadcass vs. FPobability

Finally in Fig. 5, we show plotf the nessage propagation
delay. The graphs indicate thadt all penetration ratesthe delay
exhibits a mondonically increasing pattern. This alo expected
as higher contentioncaugs collisions which delay message
delivery.
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Figure 5:Broad@g ETE vs. Robability

What the above mphs indiate is that as we increasehe
rebroadcas probability beyond the ditical probability, the
reachaility remains high while the latenc increases. So, for a
particular node dengy the criical probability is the optmal
choice for the rebroadcasprobability which ensrres the fastes
messige delivey to almog all vehicles. The nexstep is to find
the relationship wicth allows each vehicle to calculate this
optimal valuebased orits own speedWe derive the riationship
by compogtion of the napping sown in Fig. 2with the vehicle
speed vsdengy relationship stown in Fig. 6[21]. Thelatterwas



obtained from field data. Theesuting function, mappingthe

speed to the rebroadcagtobability is shown in Fig. 7. We

considera linear approximation of thegraph #so shown in Fig. 7
whose equatiors given by

p=0.0557v - 0.003 1)

wherep denotes the rebrdaas probability and v the
velocity of the vehicles. In additionfor speedssbove 100knih
(sped limit) we set te rebroadcdgrobability to 1. Te reanis
that bgyond such speed# is impossibleto estimate the density
based onspeed information only and so we adopta ratler
aggreswe rebroadcagtolicy in orderto ensire mesage delivery
to all vehicles. On the other hanfbr speed valuebelow 15kndh,
we assumethat the network has alrsbre@hed its capacitand ®

we consder a congant rebroadcast probability of 0.05. The

reallting rebioad@g probabiity vs. gpeed function used in the
propoed SAPFscheme ishown in Fig 8.

26 days of data from BHL

speed (kmih)

dansity (vehikmians)

Figure 6: Vehicle geed vs. Dernity [21]
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Figure 7: Critical Probability vs. Vehicle speed
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Figure 8: Critical Probability vs. Vehicle peed

3. System Overview and I mplementation

Inthis section,we preent implemenétion detailsof the SAFP
algorithm  The settig that we congler is similar to the one
preented in section Il. The AV {ehicle that detects an
unexpeted road hazard)is the oiginator of the EWM message
and remains the originata of the nessageuntil the messge
expires or is destroyed. Everymessge hashe following fields
IP addressof the originator (AV), ddiation address (seto
broadcast)a time to live field (TTL), and gquence nunber fidd.
All thee fieldsare &t bythe AV at he time ofthe creation ofhe
EWM messge. he only field that can be modified bypther
vehiclesis the timeto live field, TTL. The TTL fieldis decreagd
by one everytime the EWM is rebroadcaed. Assoonthe TTL
reachs a zero véue the mesage isdegroyed. TheTTL depicts
the number ohopsthe EWM can betransmitted irthe network.
Each vehicle maintaina tableof recently received mesages
Each mesage isidentified by a combnation of tke source IP
addressand the squence number. \Ahenevera vehicle receives
new mesage,it chedks whether thismesage has beerecently
received though matchingf the identifersin the relevanttable.
If no metching is found,the mesage is clasdfied as beng
received or the first time andis madeavalable for rebroadcas
upon decimn of the pobabiligic algoithm. The dentifier of the
messige isalo added tahe table ofrecentlyreceived mesages
Basd on the function of Fig8 derived in theprevious ®ction,
the speed adaptivegirabilistic flooding algathm is as bllows:

Speed Adaptive Probabilistic Flooding Algorithm

1. upon reception of EWM s at node n:
2. if EWM received first time and it is not the originator of
message sand TTL > O then
a. if (veh. speed >= 15km & & veh. speed <=
100km) then broadcast EWM swith
probability p = 0.0557x-0.0033
b. elseif (veh. speed < 15km) then broadcast
EWM swith probability p = 0.05
c. elseif (veh. speed > 100km) then broadcast
EWM s with probability p= 1
3. endif
For the implementation of the SAFP algorithm we used
OPNET Modeler smulation engine bymaking appropriate
modifications toan 802.11 WAN staion mod which excludes
implementatios of layersabovethe MAC layerssuch as TCP/IP
Table 1 demortsates the WLAN parameterschosen for all nodes



4. Performance Evaluation
In this section, we evaluatehe performace of the SAPF
algorithmusng an intgrated phtform conbining two simulators
thetraffic smulator VISSM and OPNETModeler. e have usd
VISSIM to generatetraces of the vehicles involved in our
scenariosand fumished into the OPNET Modeler &mulation
model. The topologies of thesimulation modelused in our study
are bagd on a section of the Nicoda-Limas®l highway in
Cyprus The first chogn te$ ste (Scenario 1) is a two lane
straight line highway whitspars a digance of &m without any
exits or entriesn the highwg, Fig. 9 which isthe same topology
thatwe have used insectionll. The £cond chosn ste (Scenario
2) has beentaken froma partialar sedion of the highwaywhere
high congetion and trafic accidents have been ebsed
frequentlyeven with low penetteaon rates Fig. 10. Fig. 10 fiows
the enty and exit lanesn the highway thathasbeenchon for
our study. It is apparenfrom theFig. 10 thatthe 3% vehicle has
collided with the 4" vehicle between theexit laneand themain
lane of the highway Our objective bs been toevduae the
perfomance of the SAPF algorithm with respect to chosen
perfomance metriceand compar it with the Blind Floaing (BF)
algorithm wnde different £enaios. We conducteda number of
experimentsin order to evaluate thperformane of the SAPF
schemein scenariosreflectirg three tpes of congeson: light
congestio, medium congestion and heavy congestion. &/
emulatethe different congetson levels in the chosn toplogy as
follows: For thefirst scenaro, thevehicles n the congleredtwo
lane freewa propagéde abiding to aroriginal speedimit in the
range 90-20km/h. In order to emulate an unexpectechewdich
generates angestion at the 3 kilometer of the feeway we
sudaenly changethe speed limito lie in the range 30-60kin.
We then create different levelsof congeton by varying the
penetration rateWe con&lered thmee penetratiorrate values
2000veh/hour, 500@h/hour and50000/ehvhour reflecting light,
medium and heavgongesion conditions respectively

Figure9: Snapshot ahe reference model gents@don the
VISSIM Simulator
For thesecond senario the three differesbngestion levels
are based on real memsmentsThe levelsof congetion are
categorized inane order asn the first scenam light, medium
and heavycongesion.

/

Figure 10: Snapshot of the sectiminNicosa-Limasol

4.1 Results

In thissectionwe presnt the reallts obtainedand we extract
useful conclusions regarding the performance of 8&PF
algorithm canparing it with the BF algorithm under ligt,
medium ancheary congestd traffic. Our reslts indicate that the
SAPF algorithm outpgorms theBF algorithms as it maintains
high reatiability and low delag at & congesion levds in bath
scenarios
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411 Scenariol

Fig. 11 shows the percentageof vehicles reeiving the
emergencywarningmesage for thethree penetiion raes under
considestion. It is evident, that bih algoithms in all cases
perfom equally well achieving reachabilityalues higherthan
92%. The SAPF algoithm in fad achievesreachaility values
greaterthan 97% which isnore tha satisfatory. In Fig. 12 we
present the number of backoffgeneratedby the two algorithms
under the three aforementionedscenarios. Ve observe that at
light congestia conditions thetwo algorithmsreport $milar
values. Atmore gvere congegin conditims, howeverthe SAPF
algorithm significantly outperfoms the BF algorithm as it
consigently repots significantly smaller number obackoffs. As
congestion becomes more esere, blind floding generates
increasing number of lbkoffs while the SAPFscheme maintains
approximatelythe same nubwers.
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Figure 11: Rrcentage of Nodes Received EW vs. Prdoability
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Figure 12: Nimber of Nodes Badkoffs vs. Protability

The geater contention iserved, aswe increas the trafic
density is caugd primarily due tothe larger nurpber of vehicles
trying to rebbadcat the messge. Thiss denondratedin Fig. 13
where the nmber of rebroadads reportedis shownfor thethree
consideed scenaiis. The pictue is almosidentical to theonein
Fig. 14. InFig. 14 we show pits of the mesage propgation
delay. This graph highlights the trusuperiority of the SAPF
scheme compared to thBF algorithm. As the congestion
bemmes heavier the BF algoiithm takes more timeto deliverthe
messgesto all vehicles The SAPFalgorithm, onthe otherhand,
manage to maintin amost constant latency values at all
congestionconditions
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Figure 14: Broadcsa ETE vs. Probability

In the heavy congestio case for example we observethat
blind flooding reportsa delay of approxinately 22nms while the
SAPF reports adday of approximately7ms. This sgnificant
reductionin the delayis of great importace in the consided
applicationsas it gives the drivers or the automatic controler
additional time to rgmond effetively.

4.1.2 Scenario 2

Fig. 15 depicts the percentage of vehicles receaving the
emergencywarningmesage for thethree penetration tes under
consideration. Both algorithms, SAP and BF exhibit high
rechabilityin all penetratn valuesSAPF algaeithm outperbrms
the BFalgoithm in almost all penetrationrates expectat the
medium congetion where the BF algorithm perforsndightly
better, however,in figures 16, 17 and 18 SAPF algorithm
outperformsBF algorithm gynificantly. Based on ig. 16 and-ig.
17 which theyrepresenthe potocol overhead, it iobviows that
SAPFalgorithm generatesiuchless contentionin the networkin
all penetratiorrates.
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Figure15: Percentage ®odes Recéved EWM vs. Robability
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Figure 16: Nimber of Nodes Badkoffs vs. Protability

Finally Fig. 18,representsthe propgation delay It is obvious
from both of the eenaios that SAPF algorithmmaintainsa rather
constant delayamag different vehicle penetration ratesnd
scenarios This can be olesved in Fig.18 and Fig. 14 wherthe
SAPF algrithm maintains its end-to-end delayround 7ms in
comparion with the BF agorithm where its end-toend delay
varies from 11ms to 30ms This dress the advantage of SAPF
algorithm compaed b the BFalgorithm in VANETSs.
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5. Conclusions

In this paper we preserda novel bradca$ scheme for
VANETs which does not relpn the existenceof a postioning
system and relies only onlocal information. It isshown thragh
simulations to work effectively in a nurher of scenarios
outperbrming blindflooding. Theschemeemploys prababilistic
flooding to reducethe number of vehicles rebroadcasting
emergencymessges and in ddition it adaptivelyregulatesthe
rebroadcas probailities, bagd on the vehicle gedls, to



optimally reduce mesge dévery delays caused by increased

contention, inereas with high vehicle denstes. Our initial resilts

indicate tha the propo®d algeithm outperforns blind flooding,

especiallyin cases of heavycongeton. The SAPF algorithm

adchieves high reachability andinlike bind flooding, maintains
low latency as the desity of vehiclesin the road network
increasesWe aim at futher evaluating the penfmance ofthe

propoedscheme, a® comparing with othepropased algorithms
alsoconsderingmoreconplex scenariosincluding cityand othe

road environentsand if requiredmodify the adaptiveprobability

component ofthe algorithm acordingly. In addition, we are

working on verifyng our simiation reslts with analytical

reallts, using tooldrom random graph theory
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