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ABSTRACT

Cyberphysicalsystemsopennewgroundintheautomotivedomain.Autonomousvehicleswilltryto
adapttothechangingenvironment,anddecentralizedadaptationisanewtypeofissuethatneedsto
bestudied.Thisarticleinvestigatestheeffectsofadaptiverouteplanningwhenreal-timeonlinetraffic
informationisexploited.Simulationresultsshowthatiftheagentsselfishlyoptimizetheiractions,then
insomesituations,thecyberphysicalsystemmayfluctuateandsometimestheagentsmaybeworse
offwithreal-timedatathanwithoutreal-timedata.Theproposedsolutiontothisproblemistouse
anticipatorytechniques,wherethefuturestateoftheenvironmentispredictedfromtheintentionsof
theagents.Thisarticleconcludeswiththisconjecture:ifsimultaneousdecision-makingisprevented,
thenintention-awarepredictioncanlimitthefluctuationandhelpthecyberphysicalsystemconverge
totheNashequilibrium,assumingthattheincomingtrafficcanbepredicted.
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INTRodUCTIoN

Ubiquityandinterconnectionareimportantininformationsystems,andtheyarebehindmanyconcepts
likepervasivecomputing,ubiquitouscomputing,ambientintelligence,internetofthings,andcyber
physicalsystems.Acyber-physicalsystemisasystemofreal-worldobjectsthatarecontrolledor
monitoredbycomputer-basedalgorithms,usuallythroughtheInternet.Cyberphysicalsystemsopen
newgroundintheautomotivedomainbyintroducingentirelynewservicestothetraditionalconcept
ofacar.Theconnected,smartcarprovidesawaytostayintouchwiththeworldduringdrivetime.
Thereisapossibilityfornewkindofinfotainmentservicesandconnectedcarapplicationstoprovide
betterservicesfordriversandtheautomotiveindustryaswell.Thenovelapplicationsincludefleet
managementbasedondatacollectionviaembeddedsoftware,datamanagementinthecloud,anddata
analytics.Thepredictivemaintenancecanbebasedonthemonitoringofthestateofthevehicle,and
theanalyticscanbebasedoncloud-enabledplatformstoprovidenewservicestocarmanufacturers,
maintenanceandservicecompanies,insurancecompanies,andentertainmentproviders.

Automotivemanufacturersandsupplierscanutilizethesecyberphysicalsystemstodiagnose
vehiclemalfunctionsontheroad.Thisdirectandimmediateinformationcanbeusedtoavoidcostly
recallsbyunderstandingproductqualityand rapidlyassessingsafety issues inorder tooptimize
production.Telecommunicationcompaniescandevelopnewconnectedapplicationsandservices,
whichmaybeconsumedeither invehiclesor remotely throughsmartphoneapps.Betterdriving
experience canbedeliveredbyexploiting information about the location,movement, and status
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of vehicles by analyzing map context and driver behavior. Non-traditional automotive industry
participantsmayprovidemanyofthesenovelservices.

Theabove-mentionedservicesaremainlycentralizedservices,inthesensethatthereisasingle
organizationthatcollectsdatafromthecyberphysicalsystem,analysesit,andthentakesactions.
Becausethereisonlyoneactorthatsensestheenvironmentandtakesactions,thisiscentralized
adaptation.Thismodelsuitswellthetraditionalautomotiveindustry.

Cyberphysicalsystemshelpthedevelopmentofself-drivingcarsaswell.Autonomousvehicles
candetecttheirenvironment,usingdifferentsensorslikeradar,LIDAR,GPS,computervisionanddata
fromtheInternet.Theplanningunitoftheautonomousvehiclemergesandinterpretsthecollected
information to determine the necessary control actions to navigate the car and avoid obstacles.
AutonomousvehicletechnologyisexpectedtoprovideseveralbenefitslikethoseshowninTable1.
Inordertoachievethesebenefits,theautonomousvehicleshavetoactcollectively.Becausethereare
severalactorsthatsensetheenvironmentandtakeactions,thisisdecentralizedadaptation.

Withtheadventofautonomousvehicles,decentralizedadaptationwillbeanewtypeofissue
thatneedstobeinvestigated.Humansandsoftwareagentsareworkingtogetherinsuchdecentralized
autonomousvehicleenvironments.Thecriticalchallenge(Çolaketal.2016)isusingthegenerated
bigamountofreal-timedatainawaythattheoveralldecentralizedadaptivehuman-agentcollective
benefitsfromtheinstantavailabilityofinformation.Theavailabilityofreal-timedatachangesthe
behavioroftheactiveentities(agents)ofthesystemaswell,becausetheytrytoadapttotheobserved
situation.Classicalautonomousvehicleresearchfocusesonhowtocontrolasinglevehicletoget
toitsdestination.Thecontrolofasinglevehicleneedsadaptationtotheenvironment.Ifthereare
severalactiveentitiesintheenvironmentandallofthemtrytoadapttotheobservedandpredicted
changes,thentheoverallsystemmaydemonstratestrangebehavior.Justimaginetwopeoplegoing
intheoppositedirectiononacorridor,andthentheytrytoavoidapossiblecollisionbytryingto
bypassinthesamedirectionatthesametime.Sometimesthereisahesitationuntiltheyfinallysettle
whogoesinwhichdirectiontoavoidthecollision.Inordertofosterthedevelopmentofpractical
cyberphysicalapplicationsintheautomotivedomainfordecentralizedadaptation,researchershave
toprovethatautonomousadaptationisbetteroffwithreal-timedatathanwithout.

Thisarticlewilldiscussdifferentmodels,methodsandchallenges,whichareinvestigatedina
decentralizedautonomousvehicleenvironmentwherethingshaveembeddedintelligenceandthey
have real-time sensor capabilities. In these environments, autonomous adaptive entities play an
importantrole.

Nextsectionwilloverviewthemodelsofdecentralizedadaptation,thesimulationofthegame
theorymodelofadaptationwillbepresented,andthechallengeposedbytheinstantavailability
ofreal-timedataincyberphysicalsystemswillbediscussed.Thesecondnextsectionwillpresent
decentralizedadaptationwithintention-awarepredictionasasolutiontotheproblemposedbythe
instantavailabilityofreal-timedataincyberphysicalsystems.Thethirdnextsectionwilldemonstrate
inascenariothelimitsofintention-awareprediction.Finally,futureresearchdirectionwillbeprojected
intheformofaconjectureandthearticlewillbeconcluded.

Table 1. There are several application scenarios for autonomous vehicles to exploit cyber physical capabilities

Cyber Physical Autonomous Vehicle Capabilities Benefits of Autonomous Vehicles

•EnvironmentSensing(Perception)
•Radar,Ultrasonic,Videocamera,LaserScanner
(LIDAR)
•FloatingCarData,MobilePhonesorGPS
•VehicletoVehicleinteractions(V2V)
•VehicletoInfrastructureinteraction(V2I)
•VehicletoEnvironmentinteractions(V2E)

•Themobilityoftheelderlyanddisabledpeoplecanbe
increased
•Trafficflowcanbemoreefficientandcongestionsmight
beavoided
•Findingurbanparkingplacescanbefaster
•Fuelefficiencycanbeincreased
•Thetraveltimecanbeusedforotheractivities
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