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ABSTRACT

Withtheemergingvehicularnetworkandthepossiblediverseapplications,intelligenttransportation
systems(ITS)havebeenevolvingtoCooperativeITS(C-ITS)withconnectedintelligentvehicles,
andthetopicsinthisfieldhaveraisedmoreandmoreresearchinterestsrecently.However,subjecting
totheimmaturityofV2Xcommunicationtechnology,thedifficultyandhighcosttodeploysuch
largescaleITSwithintelligentvehicles,emergingstudiesarestuckwiththeverificationofthesebig
C-ITS.Asmoreandmoreexpected,intelligentvehicleswillplayimportantrolesinthefuturesmart
citiesandsocieties,asdiversemobilitycarriers.Focusingonnewfeaturesofthesecarriers,mainly
coveringcyber-physicalfusion,vehicularnetworking,service-carrierandsoon,onenewITSsimulator
QoS-CITSforsuchservice-orientedC-ITSisdesignedanddeveloped.Toenhancetheadaptability,
ascenarioreconfigurablearchitectureisfirstlydesigned,inwhichscenescanbedescribedviaXML
file.Onthisbasis,theauthorshaveimplementedallreservation-basedmodelsoftrafficobjects,state-
drivenbehaviors,cooperationmechanisms,andpolicies,whichareproposedforservice-oriented
C-ITS.Throughaseriesofexperimentsareconductedwithdifferentparametersandtypicalscenes,
allsimulationfunctionsareefficientlyverified.Andfinally,someimportantconclusionsdrawnfrom
largeamountofexperimentsviaQoS-CITSareexhibited.It’simportanttonotethat,researcherscan
conductvariousexperiments,boththetraditionalPassing-Through-Intersection(PTI)problemand
service-orientedcooperation,viasettingparametersofQoS-CITSaccordingtotheirrequirements,
andcanalsoanalyzetheperformancewithstatisticsdatarecordedautomatically.
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1. INTROdUCTION

Withtherapiddevelopmentofautonomousdrivingandnewemergingtechnologies,suchasvehicular
network,traffic-cloud,trafficbigdatasystemandsoon,IntelligentTransportationSystems(ITS)of
autonomousconnectedvehicleshavebeenmarchingtowardthemoreefficientCooperativeITS(CITS)
(DeLaFortelleetal.,2014),andfurtherhavebeenenvisioningtobemoreandmoreservice-oriented
accordingtothepossiblediverseapplicationsinsmartcitiesasshowninFigure1.Insuchtrend,
cooperativeplanningandcontrolmechanismsofheterogeneousvehiclesareincreasinglyconcerned
byresearchers.However,onevitalchallengeforresearchersistheverificationofproposedmodels
andalgorithmsbecauseoftheimpossibilitytoconstructareal large-scaleCITSenvironmentfor
studies.Thisisalsoverydifferentfromtheverificationofcurrentautonomousdrivingtechnologies.
Therefore,model-drivencomputersimulationbecomesoneimportantverificationwayforthestudy
onITS,whichcanfacilitatetheevaluationandanalysisbeforetherealdeployment.

SimulativeverificationisonevitalaspectmuchconcernedinthedomainofC-ITSbecauseof
thedifficultyforconstructingareallarge-scaletransportationenvironmentwithintelligentvehicles
andinfrastructures.BesidesthestudiesontheontologyofintelligentvehiclesandVANET-based
cooperation mechanisms (Torres & Malikopoulos, 2017; Zohdy & Rakha, 2016), recently, the
thoughtsofmodel-driventraffic-relatedsimulationhavebeenwidelyemployed(Ramos,Ferreira,
&Barceló,2012),andseveraltypicaltraffic-relatedsimulators,suchasSUMO,OMNET++,Veins,
MovSim,PanoSimandVISSIMetc.(TszChiu&Peter,2010;Li,Chitturi,Zheng,Bill,&Noyce,
2013),havebeendesignedandused.Basedontheconventionaltrafficsimulationmodel,Leeetal.
(2004)proposedafour-layeredmodelingandsimulationapproach,andtheperformanceandflexibility
of which are verified via two typical cases: advanced traffic management systems (ATMS) and
advancedtravelerinformationsystems(ATIS).IsabelandFernández(2015)proposedaframework
foramodel-drivendevelopmentofsimulationtoovercometheissuesoftraditionalsimulationways,
suchasunintendedmistakesinthetransitionfrommodelstocode,platformconsistency,difficulties
tocompareworksbasedondifferentmodelsandtoolsetc.,andthenanalyzedITSusingsimulation
method.Intheseframeworks,vehicles,roads,pedestrians,infrastructuresandtrafficflowsarealso
abstractedorpresentedwithspecialmathematicmodels,mainlycoveringvehicledynamicsmodels,
trafficmodels,andenvironmentalsensormodels.Inaddition,someresearchhasverifiedthesafety
ofthegeneratedtrafficmap(Kubo,Dan,Sato,&Namatame,2016).3Dvisualizationtechnologies
havebeenalsowidelyadopted,whichwillmakesimulationproceduresmorevisualizedandvivid,
suchasPro-SiVIC,SimWalk,TrafficJam3Dandsoon.

Figure 1. Typical scene of Cloud-based C-ITS
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