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ABSTRACT

literatureshowsthatblinkrate,blinkduration,andpercentageofeyeclosure(PERCLOS)arethe
indicators of drowsiness, but thequantificationof theseparameters, inter-individual differences,
and scientific or the physiological validation of the results have not been addressed. This study
attemptstoresolvetheseproblemsbythesystemsdynamicapproachbymodellingtheoculomotor
system.AutoregressivemodeloftheEOGblinksignaturesduringactiveanddrowsystatesareused
toapproximateandmodelthesystem.Theimpulseresponseoftheactiveblinksignalshowsunder
dampedresponsewiththedampingratioof0.61-0.75,(p&lt;0.0005),anddrowsyblinksignalshows
acriticallydampedbehaviorwiththedampingratioof1,(p&lt;0.0005).Itisclinicallycorrelated
thatthecontinuousbombardingoftheneuronalimpulsesfromthebrainactsasthestimulusforthe
blink.Hence,duringthedrowsyphase,theresponseoftheoculomotorsystemissluggish(damping
ratioishigh),thuscausingincreasedblinkduration.
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1.INTRODUCTION

Drowsydrivingisfatalandcausesirreparablelosses.TheU.S.NationalHighwayTrafficAdministration
has found that 100,000 crashes that happen every year are because of drowsiness at the wheel.
Drowsinesshascontributedto15550deaths,71,000fatalinjuries,and$12.5billionmonetarylosses
(WorldHealthOrganization,2009).TheAAAFoundationforTrafficSafetyestimatesthat21percent
ofthecrashesthatoccureveryyearareduetothe‘driverfatigue’(NationalHighwayTrafficSafety
Administration,n.d.).Thenationalsleepfoundationhasreportedthateveryyear60percentofadult
drivershavebeenunderdrowsinesswhiledriving,and37percentofdrivershadfallenasleep(Asleep
attheWheel,2010).Themainculpritscausingdrowsinessareprolongedperiodsofdriving,driving
alone,nighttimedriving,driver’sanxietyorstress.However,mostdisappointingfactoristhatthis
causewasneverpinpointedasareasonfortheaccidents,sincemanyofthecasereportshighlight
rashdriving,alcoholism,andmanmademistakes.Withtheadventoftechnology,itispossibleto
detectdrowsinesswellbefore,anaccidentandpreventthelives.Researchontheselinescalledfora
greaterfocusondesigninganddevelopmentofnon-intrusivesolutionsfordetectionofdrowsiness.
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Detectionofdrowsinessinvolvesidentificationofcertainparametersfromthesubjectorthe
vehicle. Based on these, the existing methodologies are categorised into Subjective measures,
Behaviouralmeasures,Vehicle-basedparameters,andPhysiologicalparameters.

Subjectivemeasuresofthedrowsinessarethedriver’sgeneralassessmentofthementalstatus
basedonascaleKarolinskaSleepinessScale(KSS)(Dongetal.,2011;Sahayadhasetal.,2012).This
methodusesgeneralfeedbackfromthedrivertogivetheratingsfrom1-9,inwhichtheratingsof5-9
indicatehighBlinkduration,largesteeringwheelcorrections,yawning(Ingreetal.,2006).Subjective
measuresarecorrelatedwiththephysiologicaldatacollectedsuchasEOGandEEG(Hu&Zheng,
2009;Portoulietal.,2007).Subjectiveassessmentisnotpossibletoimplementinreal-timescenario.

Behaviouralmeasuresofthedriverincludethechangeinthepositionofthehead,pupildiameter,
blinkduration,yawning,gaze,whicharemonitoredbyseveralsensors(Dongetal.,2011;Sahayadhas
etal.,2012).OnemethodusesEyetrackeremployingoneormultiplecamerastomonitorthepupil
andthelineofvisionofthedriverinthevehicle.Thisdevicecontinuouslytrackstheeyelids,and
iftheeyelidsareclosedformorethanapre-definedlimit,analarmringstoalertthedriver(Husar,
n.d.).ANon-intrusivereal-timeimageacquisitionsystemwithefficientimageprocessingalgorithm
wasdevelopedtodetectthevigilancelevelbyEye,Gaze,FaceandPosetracking(Ji&Yang,2002).
Thesemethods(Bergasaetal.,2006;Husar,n.d.;Ji&Yang,2002)havealimitationasacamera
cannotbeusedunderthepoorilluminationconditions.PERCLOSthePercentageclosureofthepupil
overtimeismeasuredinmanystudies(Abeetal.,2011;LexusLXDriverMonitoringSystem,n.d.;
McKinleyetal.,2011;SeeingmachinesDriverStateSensor,n.d.)andiscommerciallyavailableas
SeeingMachineandNexus.ThesetechnologiesemployHighDefinitionIRcameratocapturethe
eyeandapplyefficientimagevisiontechnologiestofindthePERCLOS.Severalothermethodshave
usedyawningandpositionoftheheadasthecriteria(Murphy-Chutorian&Trivedi,2010;Nature,
n.d.;Smithetal.,2003;Xueetal.,2009).

Vehicle-basedparametersincludetheSteeringWheelMovement(SWM),StandardDeviation
fromtheLanePosition(SDLP),pressureontheaccelerator,clutch,brake,andgripforceonthesteering
wheel(Dongetal.,2011;Sahayadhasetal.,2012).Onemethodusesnon-intrusiveAccelerometer
sensors to find theSteeringWheelMovement (SWM)toassess theStandarddeviationfromthe
Laneposition(SDLP)(Liuetal.,2009).ThisstudyfoundthatthedeviationintheSteeringWheel
Angleismorethan5degreesasthedrivertendstomanipulatemorecorrectionsinthesteeringto
covertheSDLPduringthedrowsiness.However,thisstudyhaslimitationsconcerningthereal-time
implementationbecausethevibrationsofthevehiclecouldresultingeneratingnoiseoftheSWM.
DetectionofSDLPinvolvesemployingacamera(Bergasaetal.,2006;Fairclough&Graham,1999;Ji
&Yang,2002;Liuetal.,2009;Otmanietal.,2005;Ruijiaetal.,2009;Sommeretal.,2010;Thiffault
&Bergeron,2003)whichis,hardtoimplementinreal-timeunderpoorilluminationconditions.

PhysiologicalmeasuresofthedrowsinessincludeHeartRateVariability(HRV),Respiration
Rate,PowerwithintheEEG(Electroencephalogram),EOG(Electroocculogram)blinkcharacteristics,
PowerwithintheEMG(Electromyogram)signal(Dongetal.,2011;Sahayadhasetal.,2012).EOG
signalisusedwidelytodetecttheRapidEyeMovements(REM)andSlowEyeMovements(SEM)
fromtheBlinksignalbyplacingapairofelectrodesontheeyeball(Hu&Zheng,2009;Khushaba
etal.,2011;Kurtetal.,2009).However,theEOGBlinksignalisonlyanindicatorofdrowsinessand
cannothelptoquantifytheseparametersinreal-time.AstudyreportsthatHRValsovarieswhena
driverprogressesfromthe‘awake’tothe‘drowsy’stage.TheLF/HFratiodecreasesastheincrease
intheparasympatheticdominanceoverthesympatheticdominanceoftheautonomicnervoussystem
during thedrowsiness (Guoshenget al., 2010;Patel et al., 2011).Many studieshaveusedEEG
signalasastrongindicatorofdrowsinesssincetheneuronalactivitydecreasesduringthetransition
of‘active’to‘sleep’statesofadriver(Akinetal.,2008;Fuetal.,2012).ItisfoundthattheBeta
activitydecreasesandThetaactivityincreaseswhenapersonisinatransitionfromactivetosleep
mode.SeveralsignalprocessingtechniquessuchasFFT,Powerspectrum,DWT,Entropyareused
toderivesuchfeaturesasPowerwithintheBeta,Deltatoidentifydrowsiness.Thesefeaturesare
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