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ABSTRACT

Eye-trackingexperimentsinvolveareasofinterest(AOIs)fortheanalysisofeyegazedata.Whilethere
aretoolstodelineateAOIstoextracteyemovementdata,theymayrequireuserstomanuallydraw
boundariesofAOIsoneyetrackingstimuliorusemarkerstodefineAOIs.Thispaperintroducestwo
noveltechniquestodynamicallyfiltereyemovementdatafromAOIsfortheanalysisofeyemetrics
frommultiplelevelsofgranularity.Theauthorsincorporatepre-trainedobjectdetectorsandobject
instancesegmentationmodelsforofflinedetectionofdynamicAOIsinvideostreams.Thisresearch
presents the implementationandevaluationofobjectdetectorsandobject instancesegmentation
modelstofindthebestmodeltobeintegratedinareal-timeeyemovementanalysispipeline.The
authorsfiltergazedatathatfallswithinthepolygonalboundariesofdetecteddynamicAOIsand
applyobjectdetectortofindbounding-boxesinapublicdataset.Theresultsindicatethatthedynamic
AOIsgeneratedbyobjectdetectorscapture60%ofeyemovements&objectinstancesegmentation
modelscapture30%ofeyemovements.
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1. INTRODUCTION

Eyetrackingcanrevealobjectiveandquantifiableinformationaboutthequality,predictability,and
consistency of the underlying covert process of the human brain when carrying out cognitively
demandingtasks(McCarleyandKramer2008;Radachetal.2003;VanderStigcheletal.2007).
Accordingtotheeye-mindhypothesis(JustandCarpenter1980),observersattendwheretheireyesare
fixating.Thus,eyetrackingmeasurementsenableustoinvestigatecognitivebehaviorwhenvisually
exploringastimulus.Withtheadvancementofeyetrackingtechnology,gazetrackingmeasurements
havebecomereliableandaccurate.

Eyegazemeasurementsincludevariousmetricsrelevanttooculomotorcontrol(Komogortsev
etal.2013)suchassaccadictrajectories,fixations,andotherrelevantmeasuresincludingvelocity,
duration, amplitude, pupil dilation (Krejtz et al. 2018). Studies have shown that the size of the
pupildiametercorrelateswiththetaskcomplexity(Koschetal.2018)enablingtheuseofpupillary
behaviorasbiomarkersofmentalworkloadwhencompletingatask.Severalstudies(Gehreretal.
2018;Jayawardenaetal.2020)have incorporatedeye tracking toobtain insights intounderlying
covertprocesses.Asastandardpracticeinthecommunity,uponsuccessfulcompletionofthestudy,
performanceofusersismeasured,traditionalpositionalgazemetricsandadvancedgazemetricsare
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calculated,andstatisticalsignificanceofcomputednumerousmetricsareevaluated(Gehreretal.
2018;Jayawardenaetal.2020).

Eye tracking experiments utilize area of interests (AOIs) to the aid the analysis process by
extractingeyegazemetricswithinapredefinedAOIs.AnAOIisaregionofstimulithatisusedto
studytheeyegazemetricsandlinkeyemovementmeasurestothepartoftheareaofthestimuli
(Hesselsetal.2016).Studiesinvisualattentionandeyemovements(NotonandStark1971;Privitera
andStark2000)haveshownthathumansonlyattendtoafewAOIsinagivenstimulus.Analysisof
eyegazemetricswithinAOIscanprovideimportantcumulativecluestotheunderlyingphysiological
functionssupportingtheallocationofvisualattentionresources.Forinstance,inthecontextofuser
interfaceinteraction,thenumberoffixationswithinanAOI(e.g.,auserinterfacecomponent)indicates
theefficiencyoffindingthatcomponentamongothers,whereasthemaximumandaveragefixation
durationwithinthatAOIindicatestheinformativenessofthatcomponent(GoldbergandKotval1999).
Inaddition,thefixationfrequencyandblinkfrequencywithinAOIscanindicatecognitiveworkload
wheninteractingwiththeparticularcomponentoftheuserinterface(VanOrdenetal.2001).

TheanalysisofeyemovementsindynamicAOIs,suchasinvideosequencesisnotnew(Marchant
etal.2009;Goldsteinetal.2007;Crosslandetal.2002;Timberlakeetal.2005).Studieswiththe
primaryfocusondetectingfixationsequenceswithinidentifiedAOIhaveusedclusteringtechniques
togroupgazelocationstodeterminetheAOI(Nguyenetal.2004),andvariousimageprocessing
algorithms(PriviteraandStark2000)toautomaticallyidentifytheAOI.Fortheanalysisofcognitive
workloadandallocationofvisualattentionresources,manystudies(Santellaetal.2006;Shanmuga
Vadiveletal.2015;Khosravanetal.2016;Wangetal.2019)haveutilizedsaliencymodelsofviewers
inconjunctionwithvisualinformationfromvideoframes.Inaddition,computervisiontechniques
(Weibeletal.2012)havebeenappliedtogenerateAOI-mappedgazecoordinatesbyusingatemplate
ofthedesiredobjectderivedfromasingleframeoftheeyetrackingstimulivideo.Butitonlyworks
forpre-recordedeyetrackingstimuliusingthemanualspecificationoftheAOItemplategenerated
beforehand.

Toovercomethesechallenges,weproposeacomputervision-baseddeepneuralnetworkapproach
toidentifytheAOIsinvideostreamsinreal-timetofiltergazelocationsthatfallintotheidentified
AOIsfortheanalysisofbothpositionalandadvancedeyegazemetrics.Wefocusontwofiltering
techniquestodynamicallygenerateAOI-mappedgazelocationsonvideostreams:

• Pre-trainedobjectdetectorstoidentifyboundingboxesofdynamicAOIinvideosequences,and;
• ObjectinstancesegmentationmodelsforofflinedetectionofdynamicAOIviaprecisepixel-

wisemasks.

Sincecomputervisiontechniquescanbeadaptedtodetectawiderangeofobjects,weapply
computervisiontechniquestoextractdynamicAOI-mappedeyemovementdata.Weusetransfer
learningtoremodelexistingimageclassifiersfordynamicAOIdetection.Upondetectionofdynamic
AOIs,weextracteyemovementdatawhichfallswithinthedetecteddynamicAOIsbycheckingifthe
gazecoordinatefallswithinanydynamicAOIs’polygonalboundaries.Ourapproachrepresentstwo
levelsofgranularityinAOIs,(1)alowerlevelofgranularity(i.e.boundingbox),and(2)ahigherlevel
ofgranularity(i.e.pixel-wisemask).Weevaluateourfilteringmethodologyintermsofthepercentage
oftheeyemovementscapturedfromeachfilteringtechniqueproposed.Weutilizeourpriorworkon
Real-TimeAdvancedEyeMovementsAnalysisPipeline(RAEMAP)(Jayawardena2020)designed
toanalyzetraditionalpositionalgazemeasurementsaswellasadvancedeyegazemeasurements.

IncontrasttotheexistingstudiesonanalyzingeyemovementswithinstaticAOIs(oftenpre-
determined),whichonlyworksforpre-recordedeyetrackingstimuli,ourproposedmethodologycould
extracteyemovementdatafromdynamicallydetectedAOIsinrealtime.Inthisstudy,wepresent
pre-trainedobjectdetectorsandobjectinstancesegmentationmodelsforthedetectionofdynamic
AOIsastheinitialsteptowardsextractingeyemovementdatafromdynamicallydetectedAOIsin
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