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ABSTRACT

Theadventof intelligentvehicularapplicationsandIoT technologiesgives rise todata-intensive
challengesacrossdifferentarchitecturallayersofanintelligenttransportationsystem(ITS).Without
powerful communication and computational infrastructure, various vehicular applications and
serviceswillstillstayintheconceptphaseandcannotbeputintopracticeindailylife.Thecurrent
cloudcomputingandcellularset-upsarefarfromperfectbecausetheyarehighlydependenton,and
bear thecostof additional infrastructuredeployment.Thus, thegeo-distributed ITScomponents
requireaparadigmshiftfromcentralizedcloud-scaleprocessingtoedgecenteredfogcomputing
(FC)paradigms.FCoutspreadsthecomputingfacilitiesintotheedgeofanetwork,offeringlocation-
awareness,latency-sensitivemonitoring,andintelligentcontrol.Inthisarticle,theauthorsidentify
themission-criticalcomputingneedsofthenextgenerationITSapplicationsandhighlightthescopes
ofFCbasedsolutionstowardsaddressingthem.Then,theauthorsdiscussthescenarioswherethe
underutilizedcommunicationandcomputationalresourcesavailableinconnectedvehiclescanbe
brought in toperformtheroleofFCinfrastructures.Thentheauthorspresentaservice-oriented
softwarearchitecture(SOA)forFC-basedBigDataAnalyticsinITSapplications.Theauthorsalso
provideadetailedanalysisofthepotentialchallengesofusingconnectedvehiclesasFCinfrastructures
alongwithfutureresearchdirections.
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1. INTRodUCTIoN

Theintegrationoftheinformationandcommunicationtechnologies(ICT),cloudcomputing,Software
definednetworking(SDN)andInternetofThings(IoT)withcenturyoldtransportationinfrastructures
leadtotheevolutionofIntelligentTransportationSystems(ITS)(MohdSaqibetal.,2017).With
the emergence of ITS application, the number of advanced vehicular applications is growing at
ever-fastrate(M.Hussainetal.,2018).Consequently,thechallengestomeetthedemandsfromboth
communicationandcomputationarebecomingincreasinglyprominent.ThedisruptiveIoTtechnology
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willserveasakeydriverforthesuccessofdata-drivenITSrealization(Zengetal.,2011).Thevehicles
inITSnetworkwhenembeddedinIoTtechnologyleadtoemergenceofInternetofVehicles(IoV)
(Kaiwartyaetal.,n.d.).IoVensuresreal-timeconnectivity,automationandtrackingofon-premise
smartobjects. It seamlessly integrates informationsensing,storage,processing, intelligence,and
controlcapabilitiesintothephysicalITScomponents,thusformingaCyber-PhysicalSystem(CPS)
(Hussainetal.,n.d.).TheIoTnodesintelligentlycapturethebehaviorsandactionsofalltheentities
in the ITS supply-chain to deliver smart, sustainable, and secure mobility solutions, and ensure
economicalandenvironmentallysustainableuse.

Thesedays,duetoadvancementsinITSdatagenerationandstoragetechnologies,theconnected
vehiclesbecamethekeydriverofIoT(Bonomietal.,2013).Suchvehiclesareleveragedwithon-board
sensorunitsandbuildconnectednetworkswithITSsub-systemssuchasroadsideinfrastructures
(RSU), parking lots, smart vehicle charging stations (Hiraishi and Mizoguchi, 2018), Advanced
MeteringInfrastructures(AMI),etc.Also,byenablingtheIoTtechnologyaglobalstandardand
basisforITScommunications,newavenueswillbecreatedformaximizingtheprospectsforfuture
innovations(MuhammadBaqerMollahetal.,2017).Thecyber-machineriesinconnectedvehicular
networkaimsatprovidingreal-timeconnectivity,automationandtrackingofon-premisesmartdevices,
deployedforanalysismonitoringandcontroloftheITSinfrastructures.TheIoTevolvesthelegacy
ITSarchitectureintoaTransportationCyber-PhysicalSystems(T-CPS)(Figure1)wherethecyber
halfformsthebasisofdata-drivenbigdataanalytics,ultimatelyfocusedtomanagetheoperationof
physicalsub-system(Things2018).TheIoTaidedITSturnsintoanintegratedframeworkofrealand
virtualworldswheretheattributesfromthereal(physical)aswellasvirtual(cyber)worldarefed
asinputtothecontrol/datacenters(clouds),togeneratesimulationmodelsforpredictingthefuture
mechanismsandtransitions(Birman,Ganesh,andRenesse,2011).

SincetheT-CPScomprisesbillionsoftheseintelligentcommunicatingdevices(vehicles,roadside
infrastructures,sensors,etc.)thatgenerateenormousamountofdata,andhenceperforminganalysis
onthisdataisasignificanttask(Zhuetal.,2018).Thus,thegrowingvolumeandvelocityofIoT

Figure 1. A framework for transportation cyber-physical systems (T-CPS)
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