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SOrS，Onlyalittleinformation，thatis，thepowerofthe  

senseddataandthelocation，COuldbeusedforidentifica－  

tionofvehicles．Ontheotherhand，fortunately，theuseof  

imagesensorsbringsmuchefficientinformationforthe  

identification．Infact，eaChvehiclecanbedetectedtogether  

Withvisualinfbrmation，SuChasshape，Sizeandcolor・The  

informationcouldbeusedforidentificationofvehicleson  

differentimagesensorsandalsoonsuccessiveimage  
frames．However，ithasnotbeendiscussedenoughhowto  

manageandutilizethevisualinformation，eSPeCiallyfor  
identificationofvehiclesondifferenti血ageSenSOrS．   

Inthispaperweproposeavehicletrackingsystem  
whichdetectsandtracksvehiclespasslngthroughaninter－  
SeCtionuslnginformationobtainedfrommultipleimage  
sensors．Theproposedsystemisbasedonmultiagentmodel  
toactualizeadisbibutedandconcurrenttracking．Thesys－  

temhastwomaincomponents，SenSOragentSandvehicle  
agents・Bymeansofcommunicationbetweensensorandve－  

hicleagentsthetraJeCtOriesofmovlngVehiclesaredetected・   

2．SystemOverview  

Fig・1illustratesasimplinedexampleofvehicletrack－  

1ngSyStemuSlngmultipleimagesensors・Inthiscase，three  
imagesensorscoveraT－intersection，andeachimagesen－  

SOrObservesapre－allocatedareawithsomeoverlapplng  
betweenadjacentimagesensors．Itisnotpracticaltoana－  

1yzeallimagesobtainedfrommultipleimagesensorsbya  
SlngleagentbecauseofhugeprocesslngCOStforvehiclede－  
tectionandtracking．Thetaskofvehicletrackinguslng  
multipleimagesensorsinvoIvestheconcurrenceandcoor－  
dinationofmultiagentintheimagesensornetwork・   

Inconventionalmethods，eaChsensoragentisresponsi－  

bleforaportionoftheintersectionandobtainspartial  
tracks．Allagentswofksinparal1elandexchangetheirpar－  
tialresultstoconvergeoncompletetra）eCtOriesofvehicles  
（seeFig．2－a）．Asdescribedbefore，aSSumingtheuseofthe  
acousticsensors，aVehicleisdetectedjustasapolntWhich  
representsthelocationofthevehicle．Thus，Onlyalittlein－   
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1．Introduction  

Withtheincreaseoftl・afficJamandaccidentsatinter－  

SeCtions，thedevelopmentofnewtramcmonitonngsystem  
tlSlngCOmPuterVisiontechniquesisdesired・Theoutput  

fromsuchatl・afficmonitorlngSyStemShouldincludethe  

traJeCtOriesofmovlngVehiclestogetherwiththetypeOfve－  

hicles（e．g．sedan．bus）．ThereareVariouswayswhichex－  

tl・aCtVehicletraJeCtOriesfl・Omimagesequence・Mostof  

thosemethods，however，aSSumedthatawholeroadorin－  

tersectionisvisibleh・OmaSlngleimagesensor・Inactual  

Situations，multipleimagesensorsarenecessarytocoveran  
intersection，andvehiclesmustbetrackedastheypass  

thl・Oughoneimagetoanother・   

AmaJOrPrOblemwithvehicletrackinguslngmultiple  

sensorsisidentification ofvehicles observed ondifferent  

sensors．Thishasbeendiscussed asadistributedsenslng  
PrObleminresearchofdistributedartificialintclligence  

ratherthanincomputervision・Themainissuesofthedis－  

ctlSSionsal℃howtoconstruCtthenetworkofsensoragents  

and how to reduce the cost of communication between 

agents．Unfol・tunately，becausetheyassumedacousticsen－  
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（a）conventionalsystem  
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（b）proposedsystem  

Fig．1Anexampleofvehicletracking   
SyStemtlSlngmultipleimagesensors  

Fig．2Conceptualconstitutionofthevehicleb．ackingsystem  

basedonmultiagentmodel  

fol・mationcouldbeusedfortheidentincationofvehicles．   

Thearchitectureoftheproposedsystemisbasedonthe  
followlngCOnSiderations．  

（1）Thevisualinformationabouttheshapeofa vehicleand  

SOmefeatures，Sizeandcolor，Whichcharacterizeitsappear－  

anceinimagesshouldbeusedfortracking．Toactualize  
this，Vehicleagentsaredelegatedtokeepwatchondetected  

Vehicles．Makinguseofthevisualinformationdetectedby  

SenSOragentSandaprlOryknowledgeonvehiclemotion，  

eachvehicleagentautonomouslytracksthetrqectoryofa  

vehicle．  

（2）Sincethemaintaskofasensoragentistoverifythelo－  

CationsofmovlngVehiclesbasedontheinformationsup－  

PliedfromthevehicleagentsonlylnaPre－allocatedarea，  

thecommunicationbetweenothersensoragentsisnot  

necessalγ．Thisconditionbringstheflexibilityinthecon－  

figurationofimagesensors．  

（3）A3－Dmodel－basedtrackingmethodandmulti－Viewob－  

Sel■Vationn’Ommultipleimagesensorsleadtoeasieresti－  

mationofvehicletypeandl℃SOlutionofocclusion．   

Fig．2－bshowsaconceptualconstitutionoftheproposed  

SyStem．Onceavehicleagentisdelegated，thevehicleagent  

Pl●edictsaprovisionalpositionanddirectionfbrthevehicle  

inthenexth．ametakingcareofitspasttraJeCtOlγ．nenthe  

Vehicleagentannouncesthehypothesistoallsensoragents  
Withthevisualinfbrmation．nehypothesizesareverified  

bysensoragents．Finally，aCOmpletetrq］eCtOryOfthevehi－  

Clethroughtheintersectionisreportedbythevehicleagent．   

InthefollowlngSeCtions3and4，Wewi11describethe  
functionalpropertiesofsensol’andvehicleagents，  

respeCtively．  

3．SensorAgents  

Asdescribedintheprevioussection，themaintaskofa  
SenSOragentistodetectcandidatesofmovlngVehiclesina  
Pre－allocatedarea．Intheproposedsystem，eaChvehicleis  

handledasa3－Dobject，andthepositionandthetr叫eCtOry  

aredefinedina3－Dworldcoordinatesystem．Thegoalof  

SenSOragentSistofindthethreedimensionalpositionand  

directionofthevehiclesineverylnStant．Eachsensoragent  

triestofulfilitsgoal，andknows thewayhowtobreak  
downthegoalintopnmitivetasksforexecution．   

Thetaskofasensoragentisdecomposedintofoursub－  

tasks，Vehicledetection，Vehiclerecognltion，Vehiclelocal－  

izationanddelegationofvehicleagents．  

3．1Vehicledetection   

Asensoragentfirsttriestodetectreg10nSCOrreSPOnd－  

ingtomovingvehiclesoneachframeoftheimage  

SequenCe．TherearemanymethodsfordetectlngmOVlng  

Objects．Wehaveusedapicturedifftrenclngmethodwhich  

Subtractsthecurrentimage什omareferenceimage．This  

methodhasanadvantagethatevenifvehiclesbecomesta－  
tionarytheycanbedetected・Infact，therearemanycases  

thatvehiclesbecomestationaryatanintersectionbecause  
OfstopslgnalsortrafficJamS．   

Vehicledetectiona托eXeCutednotonlyintheareaof  

interestrequestedfromvehicleagentsbutalsointhewhole  
ObservationareatOfindnewvehicles．  

3．2Vehiclerecognition   

Sensoragentssharethetasktodeterminethetypeofve－  
hicleswithvehicleagents．Oursystemhas3－Dwireframe  

modelsofvariousvehicletyPeS．Fig．3showsexamplesof  

thewireframemodels．Itisdifficulttodeterminethetype  
Ofavehicleunlquelybyaslngleview．However，aSetOf  

Widelyseparatedi皿ageSenSOrSWOuldgivearichinforma－  

tionontheshapeofvehicles．Inoursystemeachsensor  
agentindependentlycalculatesacertaintyscoreforeach  

modelbasedonasilhouettematchingtechnique．Certainty  
SCOreSareSenttOaVehicleagentandcombined．  

3．3Vehicle10Calization   

Foreachvehicle，SenSOragentSdeterminethegeometric  

transformation魚・Om3－D world coordinates to2－D sensor  
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SOragentS・   

Thetaskofavehicleagentisdecomposedintothree  
subtasks，POSitionprediction，1nqulry，andinformation  

analysIS．  

4．1Positionprediction   

Eachvehicleagentpredictsthepositionanddirection  
fortheallocatedvehicleinthenexttimeaccordingtoits  
pasttraJeCtOry・Weadopta2nd－Orderpolynomialexpres－  

sionfortheapproximationofthetraJeCtOry・  

4．2Inqulry   

Afterthepositioninthenexttimehasbeenpredicted・  
eachvehicleagentwi11announcetheexpectedpositionto  
allsensoragents・Atthattime，theareaOfinterestinthe  
3＿Dwol・1dissetasanattentionboxasillustratedinFig．4．  

Whentheattentionboxoritspollionisvisibletoasensor  
agent，thesensoragentwillacceptstheinqulrymeSSageOf  
thevehicleagentandrequeststhevehicleagenttosendthe  
fartherinformationconcernlngthevehicle・Ifnosensor  

agentsaccepttheinqu汀ymeSSage，thevehicleagentrecog－  
nizesthatthevehicletraveledoutfromtheintersection，and  
itautonomouslydisappears．  

Fig・3Examplesof3－Dwireframemodel   

coordinates，anditiscalledamodelfitting．Usingthecare－  

fullydefinedimagesensorandgl・Oundplanegeometry・and  
glVenaPOSition，dil・eCtionandsizeofa3－Dobjectmodel，  
themodelcanbeeasilypro」eCtedontothe2－Dimage，how－  

evel・，itgenel・allycostscomptltationalpowertodetermine  

s（）manyVariableswithnorestl・ictions・Wedevelopeda  

modelfittingmethodemploylngthreerestl・ictionsconcern－  

1ngthevehiclemotion，aSわ1lows・  

（1）Thegl・Otlndplaneisassumedtobeflat・Additionally，  

weasstlmethegeometryofimagesensorsagalnStthe  
gl・Oundplaneisknown・Thelocationofavehicleisdefined  

intermsofitscoordinateonthegroundplane・  

（2）Avehicleisassumedtobefacingtothedirectionof  

rnotion．Theorientationofthe3－Dmodelofavehicleon  

thegl・Oundplanecanbeunlquelydeterminedbythedirec－  
tionofits2－Dmotionontheimage．  

（3）Thewidthofavehicleisratherconstantcomparedto  

thelengthorheight・Soweassumethatthewidthof3－D  

modelisconstant．Thisreduces thenumberofvariables  
concel－一1ngthesizeh・Om3to2・   

UsingtheseassumptlOnS，Onlyfourindependentvari－  
ablesshot11dbedetelminedbasedontheshapeinformation  
（POSition：2，Size：2）・  

3．4Velli亡Ieagentsdelegation   

Onceasensoragent（1etectsanewcandidateofmovlng  
vehicle，thenanewvehicleagentisdelegatedwiththevi－  
stlalinformationofthevehicle，thatis，thepositionand  

dit・eCtiononthegroundplane，the vehicletypewithitscer－  

taintyscore，thesizeandcolor・IfthereisanexistlngVehicle  

ilgentCOl－・eSpOn（1ingtothatvehicle，SenSOragentWillsend  

thevisualinformationtothevehicleagentwithoutgenerat－  

1ngneWagenし   

4．VehicleAgents  

Asdescribedinsection2，themaintask（goal）ofave－  
hicleagentistotl・aCktheallocatedvehicleaslongasit  
trこIVelsinanintel・SeCtion．Eachvehicleagentb・iestofulfil  

itsgoillbymeansofthecommutationbetweenmultiplesen－  

Fig．4Anattentionbox  

4．3InfbrmationanalysIS   

Accordingtotheanswermessagesoftheverification  
fromsensoragents，Vehicleagentswi11changetheirbehav－  
iorasfollows．  

【CaseI］Whenonlyonesensoragentreturnedthesuccess－  
fulmessage，thevehicleagentwi11recordthepositionof  
thevehicle．Ifnewcertaintyscoreofthevehicletypeis  
higherthanthescorerecordedinthepast，thenthevisual  
informationwi11berenewed．  

【Case2］Iftwoormoresensoragentsreturnedthesuccess－  

fulmessages，thenthevehicleagentwi11combinesthe  
reportedpositionsaccordingtothecertaintyscores・  

【Case3］Ifnosensoragentsreturnedthesuccessfulmes－  

sage，thenthepredictedpositionanddirectionareadopted・   
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5．ExperimentalResults  

AllcomponentshavebeenimplementedonaSPARC  

Station・However，theyarenOtCOmbinedasamultiagent  

SyStemyet・Here・WePreSentintermediateresultsn・OmPre－  

1iminaryexpel・imentsfortheconfirmationoftheperfor－  

manceofeachcomponentwithrealtrafficscenes．   

Fig・5showssomeexamplesofthemodelntting・Fig・6  
ShowsthetraJeCtOriesobtainedbyusingthreeimage   
SenSOl■S．  

6．Conclusion  

Inthispaperwedescribedadesignofavehicletracking  
SyStemWhichdetectsandtracksvehiclespasslngthrough  
anintel・SeCtionuslnginformationobtainedfrommultiple  

imagesensors・ThefollowlngtWOfbaturescharacteri21ethe  

PrOPOSedsystem・First，thetraJeCtOriesofmovlngVehicles  

aredetectedbymeansofcommunicationbetweensensor  
andvehicleagents・Second，3－Dmodel－basedtracking  

methodisusedtoestimate3－Dtrajectories．   

Infather，WeWi11implementthesystemonadistributed  

processlngenVironmenttoverifytheadvantageofthepro－  
posedsystem．  
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（a）onimagesensorA  

（b）onimagesensorC  

Fig・5Fittedmodelondifftrentimagesensors  

Fig・6ThetraJeCtOriesobtainedbyusingthree   

imagesensors   
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