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ABSTRACT

Affectivecomputingaimstocreatesmartsystemsabletointeractemotionallywithusers.Foreffective
affectivecomputingexperiences,emotionsshouldbedetectedaccurately.Theemotioninfluences
appearinallthemodalitiesofhumans,suchasthefacialexpression,voice,andbodylanguage,as
wellasinthedifferentbio-parametersoftheagents,suchastheelectro-dermalactivity(EDA),the
respirationpatterns,theskinconductance,andthetemperatureaswellasthebrainwaves,whichis
calledelectroencephalography(EEG).Thisreviewprovidesanoverviewoftheemotionrecognition
process,itsmethodology,andmethods.ItalsoexplainstheEEG-basedemotionrecognitionasan
exampleofemotionrecognitionmethodsdemonstratingtherequiredstepsstartingfromcapturingthe
EEGsignalsduringtheemotionelicitationprocess,thenfeatureextractionusingdifferenttechniques,
such as empirical mode decomposition technique (EMD) and variational mode decomposition
technique(VMD).Finally,emotionclassificationusingdifferentclassifiersincludingthesupport
vectormachine(SVM)anddeepneuralnetwork(DNN)isalsohighlighted.
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INTRodUCTIoN

AffectiveComputing(AC)isspecializesincreatingofandinteractingwithsystemsthatareable
todetectandrespondtoaffectivestates(Picard,2002).TheACfieldisbasedonthecontributions
ofnumerousdomains,suchasmathematics,engineering,education,computerscience,sociology,
physiology,andpsychology.Theseseveralcontributionsreflecttowhichextentitisverycomplex
todescribe,understandand finallyemulate the feelingexperience. In fact, the termAC isquite
new;itwasfirstaddressedinlatethe1990sbyRosalindPicard(Picard,1997).Themainaimof
ACistoestablishmorecomfortableinteractionbetweenthehumanandcomputers(Hore,2019);
sincetheabsenceofemotionsmakesthehumansfeeluncomfortableandannoyed(Beale,2008).
AnotheropinionproposedbyCliffordNass,whorevealedthathumansdealwithcomputersasthey
dealwitheachother(Nass,1997).Hence,theemotionallyrespondofcomputerstotheusersisa
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must.ACshowgreatbenefitsindifferentaspectssuchasinlearning,thee-learninggainsasevere
attentionandbecomefavoredbymanystudentsandenhancingthecommunicationbetweenstudents
andcomputerimprovesthee-learningexperienceandthestudentmentalstate(Picard,2001),and
insocialcontext(Breazeal,2003).

Theprimarysteptoachieveaneffectiveaffectivecomputingexperienceisdetectingorrecognizing
emotions.Enablingacomputeroranydevicetorecognizeemotionsneedssoftwareandhardware
requirements,examplesof thehardwarerequirementsarephysiologicalsensors,videoanddepth
sensors,andthestandardinputdevices.Thephysiologicalsensorsareusedtomeasuretheblood
volumepulse,temperature,theskinconductance,andrespiratorysignal.Nevertheless,physiological
sensorshaveadisadvantagethattheyareuncomfortableforusersaswellasthesesensorsarenot
practicalandimpossibletobeusedinthereallifesituationswhichrequiredetectingemotionsduring
dailyworkingandlearningprocesses,sotheyareusuallyusedtoverifytheaccuracyofaspecific
classifier.Videosensorslikecamerasgrantinformationaboutthefacialexpression(Dey,2019).The
complexityofthismethodisduetotheneedofcomplexpatternrecognitionandimageprocessing,
whereasthedepthsensorsareoftenbasedoninfraredlighttechnologyandusedtodetecthuman
movementsandgestures.Thestandardinputdevicessuchastheconventionalmouseandkeyboard
representaneffectiveandunobtrusivemethodtocollectthedatafromusers;itseffectivenessisfor
thenoneedofadditionalhardwaretobeaddedtothecomputer(Kołakowska,2014).Computeror
deviceswithsuchequipmentresultinaffect-sensingsystems,whichareusedinthefieldofaffective
computing to refer to systems that areable todetect emotionsusing informationextracted from
receivedpatternsandsignals(Daily,2017).

Theemotionsinfluencesappearinallthemodalitiesofhumans,suchasfacialexpression,voice,
andbodylanguage.Emotionsalsohavefurthereffectsontheautomaticnervoussystem(ANS)of
theagentwhich in turndemonstrates theemotions influencesondifferentbio-parametersof the
agent,suchastheelectro-dermalactivity(EDA),theheartratevariability(HRV),therespiration
patterns,theskinconductanceandthetemperatureaswellastheEEGsignalsbasedonthetheory
thatemotionsariseinthebrain(Zekri,2018).Hence,allthementionedparameterscanbeconsidered
asmethodsmaybeusedefficientlyinemotionrecognition.Thesemethodsdifferintheiraccuracy
andthetypesofdetectedemotions.In1986,Arnoldinhisbook“Thenatureofemotions”clarified
thatthetermemotionshasnosingleandgeneralmeaning.Therefore,researchershavethetendency
todefinetechnicallyarchitecture-basedterms,whichfinallydescribethetypesofstatesandprocess
(Wright,1996).Basedontheformer,emotionscanbeclassifiedtobasicandemotionschemes.In
1977,Izardclassifiedemotionstobebasic;ifit’sessentialtoadaptivebehaviorandhumanmentality
(Izard,1977).Butlater,manydoubtswereraisedaboutthismeaningandin2007,Izardproposeda
newdefinitiondefiningthebasicemotions“affectiveprocessesgeneratedbyevolutionarilyoldbrain
systemsuponthesensingofanecologicallyvalidstimulus”(Izard,2007).Theliteratureonemotion
sciencedealswiththetermofemotionschemesequallyasthetermemotioningeneralanddefines
itasthedynamicinteractionbetweencognitionprocessesandemotionswhichresultineffectson
thebehaviorandthebrain,andtheseemotionschemesarebeingevokebytheappraisalprocesses
aswellasimages,thoughts,memories,andthedifferentnon-cognitiveprocessesincludingchanges
inhormoneslevelandneurotransmitters(Izard,1993).Emotionschemesareaffectedbythecultural
andsocialcontexts,individualdifferences,andlearning.

Foreffectiveemotionrecognitionandforavoidinganymistakesduringtheemotionrecognition
process,emotionmodelingbecomesamust.Emotionmodelswereclassifiedtotwobasiccategories
are the categorical models and dimensional models. Categorical models take the view that the
biological agent canonly experience a limited set of emotions, called thebasic emotions, these
emotionsaredefinedwiththehelpofwordsorlabels.Severalapproacheswereproposedbasedon
thistheory,suchasFrijdawithsixbasicemotionsaredesire,happiness,wonder,sorrow,interest,
andsurprise(Frijda,1986).Ekmanalsoaddressedsixbasicemotions,whichareanger,surprise,joy,
disgust,fear,andsadness(Ekman,1992).Izard’sapproachproposed10basicemotions,whichare
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