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ABSTRACT

Augmentedreality(AR)allowsuserstointeractwiththevirtualworldinthereal-worldenvironment.
Thispaperproposesachildavatarsimulationframeworkusingmultimodaldataintegrationanduser
interactionintheARenvironment.Thisframeworkgeneratesthechildavatarthatcaninteractwith
theuserandrespondtohis/herbehaviorsandconsistsofthreesubsystems:(1)Theavatarinteraction
systemscrutinizesuserbehaviorsbasedontheuserdata.(2)Theavataractioncontrolsystemgenerates
naturalisticavataractivities(actionsandvoices)accordingtotheavatarinternalstatus.(3)Theavatar
displaysystemrenderstheavatarthroughtheARinterface.Inaddition,achildtantrummanagement
trainingapplicationhasbeenbuiltbasedontheproposedframework.Andalightmachinelearning
modelhasbeenintegratedtoenableefficientandeffectivespeechemotionrecognition.Asufficiently
realisticchildtantrummanagementtrainingbasedontheevaluationofclinicalchildpsychologists
isenabled,whichhelpsusersgetfamiliarwithchildtantrummanagement.
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INTRoDUCTIoN

SimulatingavatarsinanAugmentedReality(AR)environmentbecomesanimportantstepforthe
userstoattendtothevirtualworld.Arealistic,vivid,andfriendlyavatarhelpsusersquicklyintegrate
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intothevirtualworld(Fengetal.,2014).Existingalgorithmshavealreadysimulatedthevoiceand
movementofanavatarandmadeitappearasarealpersoninthevirtualworld(Yang&Bhanu,
2011). Combined with AR technology, avatar simulation has the potential to evolve traditional
human-computerinteractionin2Dspaceto3Dmixedrealityinteractioninrealisticenvironments
(Pouyanfar,Yang,etal.,2018).Inaddition,servicessuchasintelligentvoiceassistantsandintelligent
butlersareintegratedtofurtherenhanceavatar-basedinteractionintheARenvironment.Withthe
developmentofavatarsimulationtechnologyintheARenvironmentanddeeplearning,moreand
moreindustriesbegintotakenoticeofthistechnologyandapplyitinthefieldsofentertainment,
education,andhealthcare(Pouyanfar,Sadiq,etal.,2018).

Childcarehasalwaysbeenacrucialpartofthefieldofhealthcare.Takingcareofthechildren
intheearlychildhoodisextremelychallengingsincetheyarenotyetabletoexpresstheirneedswith
words,andtheiremotionscanbeintense(Österman&Björkqvist,2010).Teachers,caregivers,parents,
andothergroupswhohavelong-termcontactwithchildrenneedthetrainingtomanagechildren’s
tantrums.Goodchildtantrummanagementskillscanalsohelpimproveteachersatisfaction(Schaack
etal.,2020).Teachersinspecialeducationschoolsneedtodeveloptheirskillstomanagechildren’s
emotionsandattendtotantrumswhendealingwithchildrenwithdisabilities(Konstetal.,2013).
Duetotheenvironmentandtime,itisdifficultforpeopletoreceivetargetedprofessionaltrainingin
therealworld.Therefore,theintroductionofavatarsimulationcombinedwithARtechnologyinto
pediatricsisoneofthepossiblewaystoaddresssuchchildcarechallenges.

Confrontingthetantrumbehaviorsthatresultfromearlychildhoodchildreninreal-lifesituations
isthebesttrainingforteachers,caregivers,parents,andotherswhocomeintodirectcontactwith
children(Eisbachetal.,2014).However,itisimpossibletocreatesuchatrainingenvironmentinthe
realitynorprovideatantrumchildtotrainteachers,caregivers,andparents(Beldenetal.,2008).In
thepast,theyhavegraduallylearnedfromtheirexperienceinpracticeandtrainednewcomersthrough
textualabstraction.However,introducingvirtualavatarsimulationinthereal-worldenvironmentto
simulatethechild’sbehaviorandprovideinteractivetrainingforteachers,caregivers,andparents
throughARcanfundamentallyrevolutionizetheexistingchildcaretrainingmethods,significantly
improvingthetrainingeffect.

Inrecentyears,althoughvirtualavatarshavebecomewidelyavailableineducation(Davis,2019),
healthcare(Forondaetal.,2020),andentertainment(Rusdorfetal.,2007),existingapplicationsand
frameworkshaveapparentlimitations.Manynursingandeducationalapplicationssimplyplacea
fixed-processavatarinavirtualenvironmentthatcannotinteractwiththeuserinreal-time(Kidd
etal.,2012).Evenforapplicationsthatinteractwithusersinreal-time,theymostlyusecontrollers
insteadofrealistichumaninteractionsuchaseyes,bodymovements,andvoices(Albrightetal.,2012).

Therefore,thispaperproposesanavatarsimulationframeworkthatrunsinanARenvironment,
aggregatesmultimodaldata,and interactswithusers.The frameworkcombines theenvironment
detectedbytheARdevice,theavatar’sactions,voice,andtheuser’sbehavioraldatatonaturally
performactionsandvoicesontheavatarsimulatedintheARenvironmenttointeractwiththeuser.A
childtantrummanagementtrainingapplicationwasdevelopedincollaborationwithateamofclinical
childpsychologiststodemonstratetheproposedframeworkandmeettheteam’sexpectations.The
applicationsimulatesachildhavingatantruminanARenvironmentandinteractswiththeuser’sgaze
andspeech.Usingitindifferentscenarios(home,school,hospital,etc.)createsatrainingenvironment
thatlinkstotherealworldandallowstheusertoexperiencemorerealisticchildtantrumsineach
scenario.Theapplicationanalyzes theuser’sbehaviorsofdifferentmodalitiesandsimulates the
child’sbehavior,helpingtheuserlearnhowtomanagechildtantrumproperly.

Therestofthepaperisorganizedasfollows.Thepaperdiscussestherelatedworkinthesecond
sectionandourproposedframeworkinthethirdsection.Thefourthsectionpresentstheexperiments
andanalysestheproposedframeworkbasedonthechildtantrummanagementtrainingapplication
astheusecase.Conclusionsandfutureworkaregiveninthefifthsection.
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