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ABSTRACT

Oneknowsthatsmarttransportisalsoanintegratedpartofhealthcaretechnologies.Tominimizethe
pollutionforbenefitingthehealthcare,thetrafficthroughputonroundaboutintersectionhastobe
increasedwhichwillreducewastedtimeandwillalsoenhancepassengercomfort.Thispaperpresents
anewapproachbyuseofcooperativevehicularcontrolutilizingVANETwithoutcompromising
thesafetyofvehicles.Thisintersectionsideunit(ISU)-basedsystemuselanechangemechanism.
ThemodularuseoflanewithlanechangeinnewlydesignedprotocolCARA(collisionavoidanceat
roundaboutalgorithm)willgreatlyenhancethecapacityutilizationofroundabout.Anewsimulator
‘RoundSim’wasalsodevelopedexclusivelyforsimulation inroundabout.AnewMACprotocol
RMAC(roundaboutMAC)isalsodesignedwhichwillsuittheroundaboutmanagementutilizing
lanechangetominimizesuddenjerktopassengers,thusenhancinghealthcareofpeople.ThisRMAC
utilizesmessagesetwithdifferentprioritizationschemewhichresultsinbetterutilizationofallotted
frequencyspectrum.
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INTRoDUCTIoN

ThemajorproblemfacedbycityplannerofDevelopingcountrylikeIndiaisitspopulationwhich
requiremobilitysolution.Withitseverincreasingpopulationandvehicleaddedtoalreadyhard-pressed
roadnetwork,newtechnologyforincreasingthethroughputoftrafficinanunavoidablenecessity.
IntelligentTrafficManagementSystem(ITMS)isanewtechnologywhichoffersapracticaland
improvisingsolution.IthasbeensuccessfullyprovedthattheCooperativeAdaptiveCruiseControl
(CACC)caneasilydrivevehicleswithshorterinter-vehicledistancebyformingplatoonstoimprove
traffic-flowcapacity.ThisconceptofcompactlyplacedcarsinCACCcanbeextendedtooffera
newintersectioncontrolsystem,inwhichnearlycollidingtrafficflowfromdifferentdirectionscan
crosstheIntersectionwithminimalgapswithoutneedofatrafficsignaltherebyeliminatingstop
timeandincreasingtheintersectioncapacity.Eventhoughinsomedevelopedcountrieswehavegot
AdaptiveRedLightcontrolsystemwhereintheGreenlighttimingperiodandLightPhasesequence
botharechangetheforbetteroptimisation.Theproblemisthatallthesemethodare‘Passive’method
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offindingthequeue/no.ofvehicleatRed-light.Nowanewtechnologyisevolvingwhichmakesthe
vehicleIntelligent.TheseIntelligentvehicleshasgotsensoron-boardandthey‘actively’broadcast
theirposition,intendedfuturemovementonroadandotherrelevantparameters.

ToachieveITMSimportanceofmessagetransmissionisupmostcriticality.Themessageshave
tobetransmittedwithoutdelay.Themaingoalofthedifferentdisseminationstrategiesavailabletill
nowistoreducethemessagedeliverylatencyofsuchinformationwhileensuringthecorrectreception
ofwarningmessagesinthevehicle’sneighbourhoodassoonasadangeroussituationoccurs.Despite
thefactthatseveraldisseminationschemeshavebeenproposedsofar,theirevaluationhasbeendone
underdifferentconditions,usingdifferentsimulators,makingitdifficulttodeterminetheoptimal
disseminationschemeforeachparticularscenario.

In this paper a new MAC protocol has been designed which will suit our newly designed
RoundaboutcontrollingCARAalgorithmmaximisingitsefficiency.ThisprotocolRMACwillhave
manymessageswithdifferentPrioritisationScheme.Efforthasbeenmadetostudyeffectofno.of
userontheperformanceofMACprotocol.

BACKGRoUND

Roundabout Traffic Control Management System
ThepioneeringworkinfieldofsmoothningtrafficflowwasdonebyYangandLi(2003)proposing
oftrafficcontrolatRoundaboututilisingsignalwithvariablesignaltiming.ThenGTan,andWang
etal.(2011)furtherputforwardtheideaofOptimalNumberofVehiclesinRoundabout(ONVR),
calculatedandoptimisedit.JZhangetal(2012)usedArtificialIntelligencewithFuzzyLogicwherein
outerlayerselectedmosturgentphasesubsetandwhileinnerlayercalculatedcurrentphase’sextension
timeofRedlightsignallingcontroller.RezaAzimietal.(2013)proposedCDAR(CollisionDetection
AlgorithmforRoundabout)algorithm.Theiralgorithmcheckedwhetherthereisanypossibilityofany
collisionofvehiclestrajectories.Theydividedtheentireintersectionareainsmallcellsforpurpose
ofcheckingimpendingvehiclesfuturelocation.

LCBento(2012)implimentedanITMSinTime-SpaceregionwithReservationAlgorithm.
Theyproposedlayersofspacein3-Dimensionseachrepresentingtimeinstance‘t’.XSunetal
(2016)presentedacomprehensivecomparisonofCapacityofdifferentkindoftrafficintersection
includingIntersection.MorerecentlyJWuetal(2014)hasemphasisedoncontrolmechanismswhich
canbalancebetweensafetyandefficiencyissues.Theyhaveproposedasequence-basedsystemfor
CIM(CooperativeIntersectionManagement).Coietal(2018)hasgivenemphasisonReservation
BasedCooperativetrafficmanagementofMulti-Laneroadswithdifferenttrafficmixes.Altogether
newapproachwastriedbyVasirani(2018)andQLu(2016).FinallyLeiChen(2016)hassummedup
varioustypesofCooperativeintersectionManagementSystemintheirsurveypaper.Hehasconsidered
bothsignalisedandnon-signalisedintersectionwhichincludedfour-wayintersectionwithstraight
traffic,roundaboutaswellasfour-wayintersectionwithleft,rightturnalongwithstraighttraffic.

Mac Protocol for Vanet Communication
Maheshwarietal(2015)presentedsurveyofbroadcastinvehicularnetworks.Theydevelopedthe
AcknowledgedBroadcastfromStatictohighlyMobile(ABSM)protocol,afullydistributedadaptive
algorithmsuitableforVANETswithallmobilityscenarios.Theparameterlessbroadcastinstaticto
highlymobile(PBSM)adhocnetworksprotocol.Theyalsostudiedamulti-channeltokenringMAC
protocol(MCTRP)forinter-vehiclecommunications(IVC).Throughadaptiveringcoordinationand
channelscheduling,vehiclesareautonomouslyorganizedintomultipleringsoperatingondifferent
servicechannels.Basedonthemulti-channelringstructure,emergencymessagescanbedisseminated
withalowdelay.
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Sommeretal(2011)presentedanewmessagedisseminationprotocol,AdaptiveTrafficBeacon
(ATB),whichisfullydistributedandusesadaptivebeaconingbasedonmessageutility;andthechannel
quality.Itisshownthatadaptivebeaconingleadstoamuchbroaderdisseminationofmessages(in
termsofpenetrationrate)thanflooding-basedapproaches,albeitataslowerrate.Adaptivebeaconing
thusseemstobemuchmoresuitableforTrafficInfoSystemthanflooding-basedprotocols.Dikaiakos
etal(2007)proposedLocationawareservicesoverVANETusingRSU-freecartocarcommunication.
Theyinvestigatetheproblemofdevelopingservicesthatcanprovidecardriverswithtime-sensitive
informationabouttrafficconditionsandroadsidefacilities.TheyintroducedtheVehicularInformation
TransferProtocol(VITP),alocation-aware,application-layer,communicationprotocoldesignedto
supportadistributedserviceinfrastructureoverVANET.

ToobviatestheproblemofFaultynodes,Pathaketal(2008)proposetosecurelocationaware
services over VANET with our geographical secure path routing protocol (GSPR). Geographic
locations of anonymous nodes are authenticated in order to provide location authentication and
locationprivacysimultaneously.Theirprotocolalsoauthenticatestheroutingpathstakenbyindividual
messages.Katoetal.(2002)stressesthattheinter-vehiclecommunicationsforthevehiclecontrol
shouldnothaveanydelay.Sincetheoccasionaldatalosscanbecompensatedbyestimationand
predictionwiththeKalmanfilteringtechnique,theprotocolmustbedesignedwiththeassumption
thattheoccasionaldatalosscanbeallowedandthecontinuousdatalosscannotbeallowed.Nohet
al(2015)proposedanautomatedsystemwithrespecttosituationassessmentandbehaviourdecision
forcooperativedrivingbetweenadriverandthesystem.Theproposedsystemincludesthreemain
parts: (1)high-leveldata fusion toproduceabetterunderstandingof theobserved situation, (2)
distributedreasoningbasedsituationassessmenttoevaluatethecurrentsituationinthesafetyaspect
andtorecommendactions,and(3)behaviourdecisiontodeterminecollisionfreeandgoal-directed
manoeuvresforvehicle/drivercooperativeandhighlyautomateddrivinginhighwayenvironments.

MorerecentlyNguyenetal(2016)proposedaHybridTDMA/CSMAMultichannelMACprotocol
toincreasethroughput.Highthroughputisachievedbyeliminatingunnecessarycontroloverhead
resultinginfastertimeslotacquisition.Wangetal(2012)hadalreadyproposedMultichannelMAC
scheme with Channel Coordination. They proposed variable control channel interval to provide
reduced transmission delay. Then Cao et al (2017) presented SCMAC which was Scalable and
CooperativeMACprotocolwhereinscalabilitywasachievedbyproactiveslotreservation.Theslot
accessmethodensuredenoughidleslotstobejoinedbymorenewnodes.Steinmetzetal(2018)had
presentedcollisionAwareMACscheme.Therestrategyisbasedonself-triggeredapproachwhich
bridgesgapbetweencontrol,sensingandcommunication.Sanguesaetal(2016)hasnicelysummed
variousHybridCooperativeMACschemeintheirsurveypaper.Theyhaveprovidedafaircomparative
analysisbyevaluatingthemunderthesameenvironmentalconditions,focusingonthesamemetrics,
andusingthesamesimulationplatform.

ForSimulation,AYKurz(2014)proposeddevelopmentofobjectorientedtrafficsimulation
frameworksuitingtheLanebasedalgorithmlikeCARA.ChenandCheng(2010)gaveoverviewof
theagentbasedmodellingappliedondifferenttypesoftrafficsystems,includingdecisionsupport
systems along with congestion management. Dresner and Stone (2008) presented a multi-agent
reservation-based algorithm which consisted of two types of agents: intersection managers and
driveragents.ZouandLevinson(2003)calculatedtheimpactofmicroscopicadaptivecontrolon
trafficcollisionsatRounaboututilisingmulti-agentsystemsinad-hocnetwork.Rakhaetal.(2011)
proposedtheagent-basedframework’sintegrationformodellingvarioustrafficscenarios.Jinetal.
(2007)presentedahybridagentbasedsystemforITMSsimulationthatperformstheservicesto
optimizetrafficmanagement.

Algorithm for Lane Change in Roundabout
TheproposedalgorithmCARAassumesthatbasicbuildingblockanytrafficscenarioisLane(2018).
ThereforeRoundaboutismodeledwithTwolanesviz.innerleftandouterRightlane.Manysegment
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areconnectedconsecutivelytoanalysetrafficsystem.Figure1depictsaRoundaboutwhichhas2
lanestrafficsystemandFourconnectedbranchesatrightangletoeachother.Vehicleintendingto
goLeftturnandgoingStraightwouldutiliseouterlane.ThevehicleswhichwanttotakeRightturn
oraU-TurnwoulduseInnerlane.Initiallywehaveavehicleinleftmostside(West-inlane)andwant
togosouthwilltravelthroughWigoingintoWNandNEsegment.ThenitwilluseESfollowedby
SouthouttoleavetheRoundabout.

Collision Avoidance at Roundabout Algorithm-CARA
CARA(CollisionAvoidanceatRoundaboutAlgorithm)hasbeendevelopedwithISUatitscenter.
HereISUisaagentcheckingforanyimpendingcollisionbyutilizingSimulators,itreceivesandthen
transmitmessagestoothervehicleinitsAreaofResponsibility(AoR).WheneveracarentersAoR
ofISUwillstartstrictlyfollowcommandfromISUratherthantakingitsowndecision.AtISUthe
mainalgorithmCARAalgorithmissub-dividedinfollowingsub-algorithms:

1. REntry:LaneInsertformitigatingconflictatentrypointofroundabout.
2. RExit:LaneExitforsafelyexiting.
3. ForceLC:ForceLaneChangealgorithmwithin50mofentryofRoundabout.
4. ElectiveLC:ElectiveLanechangealgorithm.

Figure2givetheflowchartofMainCARAalgorithmdescribingcoordinationwithothersub-
algorithm.ElectiveLC,ForceLC,REntryandRExitsub-algorithmaresubsequentlydescribed.

Figure 1. Shows a typical 2 Lane Roundabout
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Figure 2. Flow Chart of CARA Algorithm
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Algorithm for Entry Into a Lane at Inter Section
ThealgorithmLaneEntryisutilisedtosettlethecontestbetweenvehiclefromdifferentdirection
intendingtomerge.Soinaroundabouttherewillbe4majorpointofconflictatentryof4lane
enteringtheroundabout.Thisistheveryreasonofdividingtheroundaboutin4Segmentsconsisting
ofinnerandouterLane.Forsimplicityandsafetywehaveutilisedthetimetestedphilosophyof
FCFSschedulingalgorithm.Asperthisalgorithmavehiclecomingfromarterylanetryingtoenter
roundaboutwillwaitbyslowingdownordecelerating.Thevehiclewhichisalreadyinroundabout
willgetpriorityovervehicleintendingtoenter,andthereforewillcontinuetocompletetheirjourney
attheirownspeed.Sothisvehiclewillbeinjectedinnextlanewithsamespeed.Thevehicleintending
toentertheRoundaboutwillbesloweddownsoastoensurethatwhenvehiclefromarteryroad
entersthelanethereisminimumdistanceofvehiclelengthplus5mbetweenthem.Herealsothe
Lanechangewillbeallowedonlyafter50mwhichisampledistanceforanyvehicletosettledown
initslane(Figure3).

Figure 3. Flowchart for algorithm LaneEntry
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Algorithm1:REntry-AtentryinLaneofRoundabout

Input: Present position of Vehicle with Lane Number
Output: Enter or Slowing down order
1.     End of current Lane (100m before end point). 
2.     Enter into next lane. 
3.     Check for Safe distance with roundabout vehicle 
4.     If safe, vehicle from artery lane will enter into  
          roundabout lane. 
5.     If Not safe, reduce the speed by sending Deacel message 
of Vehicle adjacent Lane.

At Exit of Roundabout
WhenavehicleisapproachingitsExitLane,acompulsoryLaneChangeisperformed,frominner
lanetoouterLane.HerefirsttheRouteischeckedtodeterminethecorrectLaneinwhichthevehicle
shouldbeattheendoftheRoundaboutsegmentthroughwhichvehiclesisdesignatedtoexit/leave
theRoundabout.Ifvehicleisincorrectlanei.e.inouterlane,itjustmovesinleftlaneofoutbound
arteryroad.Elseifitisininnerlaneattheexitsegmentofroundabout,itusesaSub-algorithmForce
LC,whereinitforcevehicleinouterLanetoslowdownandchangetheLane.

Algorithm2:RExitforExitingfromRoundabout

Input: Present position of Vehicle with Lane Number
Output: Lane change and Slowing Down order
1.     If End of current Lane (100m before endpoint) 
2.     If in outer lane, change Lane going out of Roundabout 
3.     If in inner Lane, perform Forced Lane change, Transmit LC 
4.     Come in outer Lane and then enter Outgoing Lane of 
Roundabout.

Detailed Algorithm for Elective Lane Change
TheLClanechangealgorithmwhichhave twomajorpartonewhichevaluates theneedof lane
changeandotherswhichevaluatesthesafetycriteria.Thebenefitortheadvantageoflanechangeis
determinedfollowedbyfulfilmentofsafetyconsiderationinformofSafedistancewhichisrequired
forbrakingandbringingthevehicletostopsafely.

Algorithm3:ElectiveLCforElective/OptionalLaneChange

Input: Present position of Vehicle with Lane Number, Target/
Adjacent Lane 
Output: Lane change or Abort Lane change order
1.     50m crossed in present lane if Yes 
2.     Check for a Feasible Gap in Adjacent lane 
3.     If overlap with neighbouring vehicle Abort LC
4.     ELSE: Determine Potential /Likely successor on Target lane 
5.     check for Gap (car length+5m) 
6.     Get successor ID 
7.     Predecessor ID- If available 
8.     Create dummy vehicle BigM + SmallM(created for 
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Exception for 1st or Last vehicle) 
9.     Access Safety criteria 
10.     Calculate New Acceleration of back Vehicle in Target lane 
11.     Benefit-SV-Self vehicle. PVCL(Predecessor Vehicle in 
Current Lane) & PVTL(Predecessor vehicle in Target Lane) 
12.     Perform Lane change. 
13.     Add Self Vehicle in target lane 
14.     remove SV from current lane

Message Set
NowtoimplementourCARAalgorithm,aprioritisedMessagelistispreparedconsistingofMessage
thatarerequiredtobecommunicatededwithISUTheISUgiveschoicetodriverincertainsituation
andthedrivercanexercisehisoptionifhedesiressoandcanrefuteitalso.Elsewheneversecurity
islikelytobecompromisedlikeincaseofAbortlanechange(AbortLC)thedriverhastoimplement
itandthereforethesemessagesaregivenhighestpriority.ThecompletesetofMessageSetisgiven
inTable1.

DESIGN oF RMAC (RoUNDABoUT MAC) PRoToCoL 
oPTIMISED FoR RoUNDABoUTS

ThejobofIntelligentcrossing/RoundaboutManagementsystemcannotbeeffectivelyimplemented
without the important role of Vehicle Ad-hoc Network which provided communication link to
connecttheseintelligentvehiclesactingasmultiagents.Safetyrelatedmessagemaytransmission
isaneffectivewaytocontainlifecriticalinformation,itisanecessitythatthesenderaswellasthe
messagearereceivedinnearrealtime.Asseen,inourcase,therearethreekindofmessagesafety
related,LaneChangerelatedandlessimportantinformativemessages.Allthesafetymessageare
givenhighestprioritywhileallmessageswhichgivesomekindofinformationaregivenleastpriority
sincetheyaredelaytolerantinnature.

Table 1. Message set and categorisation

S.N. Message Set Priority Category Description

a. AbortLC 1 SAFETY AbortthepriorallowedLaneChangeandFall
back

b. DeAccel 2 SAFETY De-acceleratebybreaking

c. Compulsory
LC

3 LANE CHANGE PerformtheLaneChangemandatorily.

d. Present
Position

4 INFORMATIVE GivepresentLatitude,Longitude,Speed,
BreakingCoefficient,TotalWeightwithLoad

e. LCAuthorised 5 LANE CHANGE LanechangehasbeenauthorisedbyISUwith
safetycriteriafulfilled.

f. Clear 6 INFORMATIVE Roundabouthasbeenexitedbyvehicle

g. LaneAfterof
Exit

7 INFORMATIVE IntendedLaneafterExit.
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Mac Protocol operation
Thecommunicationprocessinthisprotocolhappensintwophases.Infirstphasecarsthathaveany
packetreadytobetransferredmakesarequesttoISU.Insecondphasedependinguponpriority
oftypeofmessage,ISUwillassignthechanneltothiscar.Thechannelcontentionismanagedby
theISUbyallocationchannelonAssignmentband.Asthechannelareallocated/assignedbyISU,
probabilityofcollisionamongrequestpacketisverylow.Thistypeofchannelassignmentfallsunder
thecategoryofCentralisedMACprotocol.HeretheISUcontrolledfrequencyallocationprotocolis
abletosolveproblemoftheexposednodeandhiddennode.Herethecompletefrequencyspectrum
hasbeendividedinthreebandnamely:

1. Assignment Band (AB):Assignsthechannelonrequest;
2. Road Band (RB):ItcatersforvehicletravellinginclovesofRoundabout(OnRoadusedby

VehiclesforEnteringandExitingRoundabout);
3. Round About Band (RAB):UsedforcontrollingvehiclewhiletheyareinRoundabout.

AlsoeachfrequencybandisfurthersubdividedinnumberofTimeslots(sayEightwehaveused
inourSimulation).SoanLogicalchannelcompriseofaFrequencybandandTimeslot.Dynamic
allocationofTimeslots/Channel.Sincenumberofvehicleinroundaboutareacannotexceedafix
number,wecanapproximatelydividetheslots.Asnumberofvehiclecarsenteringtheroundabout
areakeeponincreasing,thetimeslotwillkeeponreducing.Similarlyascarskeeponexitingthe
roundaboutarea,thetimeslotwillkeeponincreasing.

TheflowofoperationofourdesignedRMACprotocolattheISUispresentedatFigure6.The
functioningoftheproposedMACprotocolisasdepictedinflowchartatFigure4whichisexecuted
ateachofVehicleagent.

TheISUcontrolledfrequencyallocationinthisprotocolbyavoidingcontentionbasedreservation
ofslots,makesefficientuseoffrequencyspectrum.Intheproposedprotocol,ISUbroadcaststhe
beaconmessagethroughAssignmentchannelwithitsownIntersectioncontrollerID,LatLongof
itsgeographicallocation.Eachcarwillcontinuouslymonitorthischannelasitalsocontainsecurity
messages.AsthevehicleenterintoISUcontrolrange1500metersinourcase,itsendsaassociation
requestISUsendsaconfirmationmessagetakingovercontrolofvehicletillitisoutofitscontrol
rangeonitsoutboundlane.Dependingonvehiclesgeographicallocation,ISUassignsRoadBand
orRoundaboutbandforcommunication.WhenvehiclehasamessagetotransmitDependingupon
itstypeitsendrequesttoISUforchannelassignmentandwaitforitsresponse.ISUwillmaintain
threeregisterviz.Safety,LaneChangeorInformativeandwillallocatechannelonsamepriority.
ForadditionSafetychannelwillalsobeallocatedonAssignmentBandifitisarequestforSafety
typeofmessage.MessagelistofInformativeTypewillgetallocationonlywhenhigherprioritytype
ofmessagelistisempty.

AlgorithmforIntersectionSpecificChannelAccessforVANET

Step 1: ISU broadcasts the beacon message its ID through 
Assignment channel while  cars will continuously monitor this 
channel . 
Step 2:  As the vehicle enter into ISU control range 1500 meters 
in our case, it sends a association request 
Step 3: ISU sends a confirmation message taking over control of 
vehicle. 
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Step 4: Depending on vehicles geographical location,  ISU assigns 
Road Band or Roundabout band for communication. 
Step 5: When vehicle has a message to transmit Depending up on its 
type it send request to ISU  for channel assignment and wait for 
its response. 
Step 6: ISU will maintain three register viz. Safety, Lane Change 
or Informative and  will allocate channel on same priority. 
Step 7: For additional Safety channel will also be allocated on 
Assignment Band if it is a request for Safety type of message. 
Step 8: Message list of Informative Type will get allocation only 
when Safety as well as Lane change type of message list is empty 
Step 9: Car will send transmission complete packet to ISU.
Step 10:  ISU

Figure 4. RMAC Protocol operation at RSU
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MoDELING AND SIMULAToR

RoundSim
The Simulator RoundSim is developed specifically for Simulation Roundabout Traffic. This
SimulatorcangiveoutputinformofTextoutput,GraphofVideooutputforbetterunderstandingand
comprehendingthecontrollerprotocol.Figure5showsasnapshotofRoundSimSimulator.

Test Setup and Experimentation
Thetestset-upwasimplementedinPythonlanguagewhichisaOOPS(objectorientedprogramming)
andthereforehelpsinstudyinginteractionofRSUtoCars.Herecarsarethemultiagentswhich
incorporatemechanicalaswellcyberlevelhardwareviz.communicationequipments.Hereeachcar
canbeseenwiththeirEntryandexitlanenumbering.

ISU is main controller and all other cars are agents which it is controlling in its area of
responsibility.Carswereaddedtotestscenariowithrandomvariableofvelocityof30kmphand60
kmph.Thereroutevizentrylaneandexitlanewerealsorandomisedforbetteranalysis.

SinceISUcanaffordtohaveunlimitedpowerandcomputationalpower,itwasentrustedthejob
ofcentralisedcontrol.EachISUwillhaveEighthighlydirectionalantenna,eachlookingindirection
FourwilllookinEast,North,WestandSouthinboundaswellasoutgoingtrafficwhilerestoffour
antennawillbecateringforquadrantofroundaboutsection.

ForsimulationofcommunicationprotocolfollowingparameterwereusedandgiveninTable2.

RESULT AND ANALySIS

ThegraphvideFigure6depictstheresultsoftrafficatroundaboutwherecarsandcontrolatISUare
implementingCARAprotocol.Theresultprovesthatduetolanechangethereisa60%improvement.
AsFigure6depictstheaveragedelaytimeexperiencedbyvehicleswithincreaseinvehicledensity.

Figure 5. Snapshots of RoundSim
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SimulationdoneunderthreecontrolregimeatRoundaboutshowsthatdelaytimeconsiderablyreduced
withCARAalgorithm.ThereisalsomarginalimprovementwithElectiveLC.

TheFigure7showsthegraphofvariationofaveragequeuelengthwithvariationinvehicle
density.Itcanbeseenfromthegraphthataveragequeuelengthismuchsmallacrossallvehicle
densitythaninnormalcaseofRedlightwith30Sectiming.TheElectiveLChasfurthershorterqueue
lengthwhichisinlinewithourhypothesisthatCARAwithElectiveLCwillincreasethethroughput.

Analysis of RMAC Results
TheFigure8showsthegraphofPacketsreceptionratiowithrespecttonumberofvehicles.Since
wehaveconsideredfourvehicleoriginatinginfourlaneeach,thereforethetestscenariohasvehicle
densityinmultipleof16i.e.16,32,64and128.Asitcanbeseenthatthepacketreceptionratio

Figure 6. Average delay time vs. Vehicle density

Table 2. Simulation parameters

Numberofvehicle 16,32,64and128

Datarate 2Mbps

Packet UDP

TrafficType CBR

PacketSize Variable(20,50,100bytes)

Packetgenerationrate 10packet/secforISU

TransmissionrangeofISU 1500m

TransmissionrangeofCars 500

VehicleSpeed 30and60km/h

SimulationTime 5min

AntennaType 8AntennaeHighlyDirectionalType
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decreasewithincreaseinvehicledensity.ThisisinlinewithourhypothesisthattheproposedMAC
protocolwillhelpinmoreefficientutilisationofavailablespectrum.Alsothevehiclesspeedwere
increasedfrom30Km/Hrto60Km/Hrwhichresultedinconsiderabledropinpacketreceptionratio.

Figure9describestheaveragenumberofsafetypacketreceivedbyeachvehiclewithrespectto
numberofvehiclesgeneratedperminute.Asitisevidentthatasthenumberofvehiclesincreasesthe
numberofpacketsreceivedalsoincreases.Thisisbecausethevehicleshastochangeitslanebefore

Figure 7. Average queue Length vs. Vehicle density

Figure 8. Packet reception ratio vs. Car density
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enteringRoundabout.Alsoonceinroundaboutthenumberofmessagerequiredfornavigationwill
increase.ThanplotwasdrawnwithElectiveLC,whichhasreducedthenumberofmessagesrequired.
ThishasbeenpossiblebecauseofhigherthroughputofCARAalgorithmwithElectiveLC.

CoNCLUSIoN

WeknowthatSmartTransportisalsoanintegratedpartofhealthcaretechnologies.Tominimizethe
pollutionforbenefitingthehealthcare,theTrafficthroughputonRoundaboutintersectionhastobe
increasedwhichwillreducewastedtimeandwillalsoenhancepassengercomfort.Thetimetaken
byavehicletocrosstheRoundabouthastobereducedforincreasingthethroughputofintersection.
WehadproposedtoallowLanechangeinintersectionareawithoutcompromisingthesafety.Also
Mergingactionoftrafficafterintersectionareahasbeensmoothlyimplemented.Conditionswere
derivedandevaluatedwherebenefitofLanechangeovertakestheriskinsafety.WhatCARAcontrol
algorithmensuredwasthatnovehicleshouldcometototalhalt.Ittakesmoretimetoattainaspecific
optimalspeedfrom0thanfromaminspeedVmin.Thiswouldincreasethecapacityaswellaverage
speedofvehiclesincrossing/roundabout.Alsoproposedalgorithmwillincreasepassengercomfort
andSafety.Maximumalgorithmuse‘passive’mechanismof‘deceleration’whilewewouldcalculate
thebestmixofboth‘active’mechanismofaccelerationanddeceleration.

TheMACprotocolinVANATplaysoneofthemostcriticalroleforsafetyinITMS.Theproposed
workofCARA(thetrafficcontrollingprotocol)combinedwithnewMACcommunicationprotocol
willhelpinincreasingsafetyaswellasComfortofpassengers.Thiswillincreasethecapacityof
intersectionareabothinCrossingaswellasRoundabouts.TheproposeddesignedMACProtocol
helpsinreliablecommunicationforensuringSafetyinITS.Differentsafetymessagecontainingthe
bothacknowledgmentandemergencydetectionhavebeendesignedwithdifferentPriorityScheme.
Itsaffectonfundamentalchallengessuchasmessageredundancy,hiddenterminalsandbroadcast
storms,whichgreatlydegradenetworkperformancehasbeenstudied.Infuturethisefficientprotocol
willbeenergyoptimised.TheEffectoffadingandno.ofuserontheperformanceofMACprotocol
willalsobestudied.

Figure 9. Average safety message per vehicle received vs. Car density
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