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ABSTRACT

Theeffectivenessofconsideringtheambientstateofadrivingcarforevaluatingthedriver’scognitive
distractedstateisevaluated.Inthisarticle,SupportVectorMachinesandRandomForest,whichare
representativemachinelearningmodels,areapplied.Asinputdataforthemachinelearningmodel,
inadditiontoadriver’sbiometricdataandcardrivingdata,anambientstatedataofadrivingcar
areused.Theambientstatedataofadrivingcarconsideredinthisstudyarethatofthepreceding
carandtheshapeoftheroad.Experimentsusingadrivingsimulatorareconductedtoevaluatethe
effectivenessofconsideringtheambientstateofadrivingcar.
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INTRoDUCTIoN

Oneofthemaincausesoftrafficaccidentsisthatdriversgetdistracted,suchascarelessness.Toprevent
suchaccidents,itisimportanttoevaluatedriverdistraction.Thereareseveraltypesofdistraction,
oneofwhichiscognitivedistraction.Cognitivedistractionisdifficulttoassessbecausethedriver
maynotexhibitanyexternalchanges.Therefore,inthisstudy,weestimatethedriver’scognitive
distractionwhiledrivingacarusingvariousdatageneratedduringdriving.

Toestimatecognitivedistraction,onecanusedriverbiometricdatasuchaseyemovement,head
movement,andpulseaswellasdrivingdatasuchassteeringangle,acceleration,andbraking.Eye
movementsandheadmovementsareaffectedbytheambientstateofthecar.Forexample,when
lookingattherightsidewhiledrivingacar,themeaningofthatactionisdifferentincasesinwhich
thereisanothervehicleontherightsideandthereisnoothervehicleontherightside.Therefore,in
thisstudy,weaimtoimprovetheevaluationaccuracyofdrivercognitivedistractionbyconsidering
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theambientstateofthecar.Parametersoftheambientcarsandroadshape(curvature)areusedas
datafortheambientstate.Then,usingSupportVectorMachines(SVM)(Cortes&Vapnik,1995)
andRandomForest(Breiman,2001)machinelearningalgorithms,thedriver’scognitivedistracted
stateisevaluated.Adrivingsimulatorexperimentisalsoconductedtoevaluatetheeffectivenessof
consideringtheambientstateofthecar.

BACKGRoUND

Therearemanystudiesthathaveuseddriverbiometricinformationsuchaseyemovementtoevaluate
thecognitivedistractedstate.Eyemovement is theprimarysignof life inneuropsychologyand
cognitivescience(Wang,2014).

Yoshizawa, et. al. discussed the influence of nonvisual secondary tasks on driver’s
pedestriandetectiontoeyemovement(Yoshizawa&Iwasaki,2015).Miyaji,etal.detected
driver cognitive distraction by using the eye movement and head movement data (Miyaji,
Kawanaka,&Oguri,2010).Liuetal.havealsodetectedthedistractedstatebyusingtheeye
movementandheadmovementdataobtainedwhiledriving(Liu,Yang,Huang,&Lin,2015;
Liu,Yang,Huang,Yeo,&Lin,2016;Liu,Yang,Huang,Lin,Klanner,Denk,&Rasshofer,
2015).Mizoguchietal.extractedcomplexrulesappearingincognitivedistractedstatefrom
various driver characteristics such as eye movement, steering angle, and pedal pressure,
usinginductivelogicprogramming(Mizoguchi,Ohwada,Nishiyama,Yoshizawa,&Iwasaki,
2015).Inaddition,Mizoguchi,etal.combinedthedriverruleinthecognitivedistractedstate
generatedbyinductivelogicprogrammingandtheclassificationresultoftheSVM,andthen
detected the cognitive distracted state with a higher precision than other existing methods
(Mizoguchi,Nishiyama,&Iwasaki,2014).Weevaluatedthecognitivedistractedstateusing
the eye movement data acquired while driving and the eye movement data acquired from
visualexperimenttasksonapersonalcomputerdisplay(Harada,Iwasaki,Mori,Yoshizawa,&
Mizoguchi,2014;Harada,Mori,Yoshizawa,&Iwasaki,2015;Harada,Kawakami,Yoshizawa,
Iwasaki,&Mizoguchi,2015;Koma,Harada,Yoshizawa,&Iwasaki,2017).

Thisshows thewayeyemovementdata isusedforevaluating thecognitivedistractedstate.
However,theeyemovementisaffectedbytheambientstateofthecarbeingdriven.Therefore,by
evaluatingthecognitivedistractedstateinconsiderationoftheambientstateofthedrivingcar,more
accurateresultsareexpectedcomparedwithevaluationwithoutconsideringtheambientstate.

Several studies havedescribed the relationshipbetween the eyemovement and the ambient
state.Satoetal.analyzedthestateofadriver’seyesatthetimeofoccurrenceofaccidentssuchas
therelationshipbetweenthesuddenappearanceofabicycleandthedriver’seyemovement(Sato,
Katsumata,Ito,Madokoro,&Kadowaki,2015).However,thisstudydidnotevaluatethedistracted
state.Therearealsostudiesthatevaluatedthecognitivedistractedstatebyconsideringtheambient
state.Hirayamaetal.analyzedtheambientcarsituationinsceneswheretheeyemovementdirection
changedsignificantly,andcomparedhowtheeyemovementchangesbetweenattentivestateand
distractedstate(Hirayama,Sato,Mase,Miyajima,&Takeda,2014).However,thisstudyemployeda
methodthatevaluatesthecognitivedistractedstateonlywheneyemovementshiftssignificantlyfrom
thefronttothesideorrearofthecar.Therefore,itisinsufficienttoevaluatethecognitivedistracted
statewhendriver’seyemovementislesspronounced.

APPLICATIoN oF SUPPoRT VECToR MACHINES AND RANDoM FoREST

Input Data Generation
Inthisstudy,SVMandRandomForestareappliedasmachinelearningmodelstoevaluatedriver
cognitive distraction. SVM is a machine learning algorithm based on classifiers. In SVM, the
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