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Abstract

We reportwork on a LEGO robot capableof displayingseveral emo-
tional expressionsn responséo physicalcontact.Our motivation hasbeen
to explore believable emotionalexchangego achiere plausibleinteraction
with a simplerobot. We have worked toward this goalin two ways. First,
acknavledgingtheimportanceof physicalmanipulationin childrens inter
actions,interactionwith therobotis throughtactile stimulation;the various
kinds of stimulationthat can elicit the robot’s emotionsare groundedin a
model of emotionactivation basedon different stimulationpatterns. Sec-
ond, emotionalstatesneedto be clearly conveyed. We have drawn inspira-
tion from theoriesof humanbasicemotionswith associatediniversalfacial
expressionswhich we have implementedn a caricaturizedace. We have
conductedexperimentson both childrenandadultsto assesshe recogniz-
ability of theseexpressions.

1 INTRODUCTION

In this papemweintroduceFeelix¥ (Figurel), a70cm-tallhumanoid-lookind EGO
robot that displaysdifferent facial emotionalexpressionsan responsdo tactile
stimulation.
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2FEELIX: FEEL, Interact,eXpress.



Feelixis a descendandf Elektra[8], a mobile, also“hu-
manoid’LEGO robotfirst exhibitedatthe FIRA RobotWorld
Cupin Parisin 1998. People,n particularchildren,foundit
very naturalto interpretthe happy andangry expressionsof
Elektras smiley-like face; however, the interactionhumans
could have with it to elicit theseexpressionsvasnot so nat-
ural, asit consistedin insertingcolor LEGO partsinto its
chest. Our motivation for building Feelix—Elektras body
with a newv headandfeet—wastwofold. First, we aimedat
amoreplausibleinteractionwith therobot. We wantedto fo-
cus on the interactionitself, and thereforewe did not want
it to be influencedby the robot performinga particulartask.
For this, we decidedo exploit thepotentialthatrobots,unlike
computersimulationspffer for physicalmanipulationasthis
plays an importantrole in children developmentandin hu-
maninteractionin generalInteractionwith Feelixis therefore
throughtactile stimulationratherthanthroughothersensory
modalitiesthatdo not requirephysicalcontact,suchasvision. Occasionallywe
have obsenred asa side-efect humansmirroring the emotionthey wantto elicit
in Feelixin their own facesandin the natureof the presseshey applyonthefeet.
Oursecondmnotivationwasto achieve aricherinteractionsothatawider rangeof
interactionpatternsgiving rise to a wider rangeof emotionalresponsegbothin
therobotand,by empathyin the human)waspossible. Howevertheseemotional
responsemustbeclearlyrecognizableandthereforewe limited oursehesto im-
plementingthe onesknown in the emotionliteratureas“basicemotions”.People
werenotonly ableto recognizeheexpressiongjuitesuccessfully{seeSectiord),
but in mary caseshey even mimicked Feelix’ expressionwith vocal inflection
while commentingon the expression(“ooh, pooryou!”, “look, now it’s happy!”).
Peoplethusseento empathizawvith therobotrathernaturally

Our modelsof emotionalinteractionand expressionare inspiredby psycho-
logical theoriesaboutemotionsin humans. This makes Feelix not only a robot
very suitablefor entertainmenpurposeshut also a proof-of-concepthat these
theoriescanbe usedwith a syntheticapproactthatnicely complementshe ana-
Iytic perspectie for which they wereconceved.

Figurel: Feelix.



2 THE MODEL OF EMOTIONS

The emotionswe have implementedn Feelix correspondo the onesknown as
“basic emotions”. The useof this termis still highly controversialamongstu-
dentsof humanemotions(see[11] for a good accountof this controversy), as
researcherdo notagreeneitherin the numberandsubsebf emotionsthatcanbe
consideredsbasic(classificationsangefrom two to nine),norin whatsensehey
areso. As agenerakcharacterizationye couldsaythatbasicemotionsseento be
universallyfound acrosssocietiesn humangsomeauthorsextendthis universal
characteto othermammals)have particularmanifestationgssociateavith them
(facialexpressionsbehaioral tendenciesphysiologicalpatterns)have adaptve,
survial-relatedrolesthat evolved throughtheir valuein dealingwith situations
whichareor werefundamentain life, canbeseerasprototypicalemotionalstates
of anumberof emotionfamilies(e.g.,rageandangerbelongin the samefamily,
angerbeingthe more standardor prototypicalcase while ragecorrespondso a
highly intenseanger),and can be taken as building blocks out of which other
morecomplex emotionsform. In our case the mainreasorfor adoptingthis hy-
pothesif a subsebf discretebasicemotionsis the easewith which their facial
expressionarerecognizedevenby children.

Someresearcherpreferto characterizeemotionsin termsof continuousdi-
mensionsratherthanasdiscretecategories. Thetwo mostcommonlyuseddimen-
sions(namesmay vary) arevalence (positve/nayative) andactivation or arousal
(calm/excited). Theseviews are not incompatible,and in our modelwe usea
combinationof them.In fact,basicemotionscanbe easilyplacedin anemotional
spacedefinedby thesedimensiongseefor instance[12]), althoughtwo dimen-
sionsalonearenot enoughto distinguishamongall the basicemotions—intense
fearandanger for example,areboth characterizedby negative valenceandhigh
arousal.A third dimension potency (powerfulness/pwerlessness)s sometimes
added.

2.1 Facial expression of emotions

The particularsubsebf basicemotionsthatwe have adopteds the oneproposed
by Ekman[6]—anger disgust,fear, happinesssadnessand surprise—withthe
exceptionof disgust sincethis emotiondoesnot make sensdor thekind of inter-
actionsthathumanscanhave with Feelix. Thereasorfor choosinghis classifica-
tion is thatits maincriterionto defineemotionsasbasicis their having distinctive
(universal)facialexpressiong6].



As for facial primitivesto expressemotionswe have largely adoptedhe fea-
turesconcerningeyebrons andlips (the only elementghat Feelix canuseto ex-
pressemotions)describedin [9]. This coding systemis inspired by Ekmans
Facial Action CodingSystem[5].

Concerninganobsener’s perceptiorof emotionalexpressionsywe have adopted
thehypothesigproposedy De Bonis[4] thattheupperandlower partsof theface
functionasthebuilding blocksat the basisof emotionperceptionratherthanthe
building blocks of finer granularity postulatedoy other authors. We have thus
taken the mosttelling featuré of eachpart of the face—egebrowvs and lips—to
expressemotionsin Feelix, makingthe hypothesighatthesetwo featuresshould
allow humangto recognizets emotionalexpressions.Feelix’ faceis thuscloser
to a caricaturethanto arealisticmodelof a humanface. Moreover, alsofollow-
ing [4], we have assumedne of the partsof the faceto be dominantfor some
emotionge.qg.,theupperpartin fearandsadnesshelower partin happinessand
disgust);in thosecasesthe perceptionof the dominantpart expressinga given
emotionshouldbe enoughfor a humanobsenerto recognizeFeelix’ expression.
In othercasesthe perceptiorof the expressionn both partsof thefaceis needed
for its recognition.

2.2 Emotion activation

Emotionsare complex phenomendhat involve a numberof relatedsubsystems
andcanbeactivatedby any one(or by several)of them.Elicitors of emotionsare
for examplegroupedin [10] underthe categoriesof neuro-chemicalsensorimo-
tor, motivational,andcognitive. Someof theseelicitorsareemotion-specificbut
emotionsalsoshow a certaindegreeof generality{14] (e.g.,of object,of time) that
accountdor thefactthata personcanexperiencghe sameemotionunderdiffer-
entcircumstanceandwith differentobjects.Butif emotionsshaw thisgenerality
what accountdor the actvation of differentaffects? As we alreadymentioned,
activationtheoriesthat only take into accountthe arousalandvalenceproperties
of emotionsarenotableto fully accountfor their differentialactivation. To over-
comethis problem,Tomkins[14] proposedhreevariantsof a singleprinciple:

3In [4], emotionperceptionis a two-stepprocesof probabilisticnaturein which expressie
featurescorrespondo separateconfigurationsof the upperandthe lower part of the face. Due
to technicalconstraintsdetailedin Section3, we didn’t integrateenoughexpressve featuresin
Feelix faceto be ableto implementthis probabilisticmodel. We thereforedecidedto take the
mostexpressve featureof eachpartof theface.



e Stimulation increase. A suddenincreasen thelevel of stimulationcanac-
tivatebothpositive (e.g.,interestlandnegative (e.g.,startle fear)emotions.
The degreeof suddennesaccountdor the differential activation of these
emotions.

e Simulation decrease. A suddendecreaseén the level of stimulationonly
activatespositive emotionssuchasjoy.

¢ High stimulation level. A highlevel of stimulationsustainedvertime only
activatesnegative emotionssuchasdistressor anger

The fact that this modelis basedon differentpatternsof stimulationmakes
it particularly suitedfor emotionactivation in our robot, sincewe were aiming
at physicalinteractionbasedon tactile stimulation. However, an analysisof the
possibleinteractionghathumanscould have with Feelix revealedtwo caseghat
the modeldid not accountfor. On the one hand,the modeldid not proposeary
principleto actvatenegative emotionssuchassadnessr boredom.Onthe other
hand,happinesss only consideredn the senseof relief resultingfrom stoppinga
very high (andthereforeannging) level of stimulation,i.e., asthe cessatiorof a
negative stimulus.Happinesshowever, canalsobe producedoy positive stimuli,
suchasgentleinteraction.We have thereforerefinedthe modelby postulatingwo
moreprinciples:

e Low stimuation level. A low level of stimulationsustainedver time pro-
ducesonly nggative emotionssuchassadness.

e Moderately high stimulation level. A moderatelhigh stimulationlevel pro-
ducegpositive emotionssuchashappiness.

Oneof thedravbacksof thismodelliesin thefactthat,beingof generahature
ratherthanassociateavith specificstimuli, someof the patternsanactivatemore
than one emotion; anotherelementis thereforeneededto differentiateamong
emotionsactivatedby the samegeneralpattern. In the simulatedcreaturegpre-
sentedn [2], this wasachiezed by meansof a syntheticphysiologythatallowed
to associatéo basicemotionsa setof physiologicalparameterspecificto each
of them(e.qg.,fearis characterizedby high heartrate andlow skin temperature,
versusinterestthatis accompaniedby low heartrate).Sincenve wantedto do all
the computationon board,simulatinga rich enoughphysiologywasnot appro-
priate.We thereforeuseda simplerdiscriminationcriterionbasedn theintensity
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Figure2: Emotionalexpressionglisplayedby Feelix. From left to right andtop
to bottom: neutral,anger sadnesdgear, happinesssurprise.

with which eachpatternoccurs(e.g.,the stimulationincreasas higherin thecase
of fearthanin thatof surprise). This criterion was sufficient to characterizeéhe
subsebf emotionswe usedin Feelix.

3 EMOTIONSIN FEELIX

Feelix makesthe differentfacial emotionalexpressiongseeFigure 2) by means
of two eyebronvs andtwo lips. Theeyebravs arecontrolledusingananglesensor
andonemotorandmove symmetrically They aretwo slightly bentLEGO parts
that resemblethe bentshapeof humaneyebrowns, andare attachedat their long
endto a shaftaroundwhich they rotate.Eachlip is controlledby ananglesensor
anda motor, andthereforethey canmove up anddown independently A lip is
aflexible rubbertubethat cancurve bothways. The mouthcanbe madenarrov
or wide by symmetricallymoving its cornersinwardsor outwardsby meansof
anothemotor.

Thefaceis controlledby aLEGOMindstormsRCXO computer(www.legomindstorms.com).
An RCX hasa Hitachi H8/300CPU and 32K RAM, andit hasthreeinput ports
andthreeoutputports. It canhave limited communicationwith otherRCXs or
with a PCvia aninfra-redchannel. Eachanglesensoris connectedo an input
port, one sharingits port with the touch sensor To control the four degreesof



freedom(DOF) of Feelix’ faceby meansof only threeoutputports,we have ar

rangedthe four motorsin two pairs, eyebrovs/mouthwidth andupperlip/lower
lip. A fifth motor switchescontrol betweenthesetwo pairs of motors. Due to

this switchingbetweerpairsof motors,eyebrovs andmouthcannotmove simul-
taneouslywhenmakingafacialexpression.Takingadwantageof this asynchrog,

we decidedto startexpressingan emotionfirst in the correspondinglominant
part of the face,thenin the non dominantone, hoping that, at leastfor some
expressions—happinessadnessandsurprise—itwould be possibleto guesshe
emotionbeingdisplayedbeforethe expressions complete.

With moremotors,it would have beenpossibleto build anevenmoreexpres-
sive face,eitherby increasinghe numberof DOF of the existing elementge.g.,
moving the eyebravs up anddown, moving the cornersof the mouthasymmet-
rically up anddown) or by addingotherexpressve elementge.g., eyelids). In
that case,however, the facewould have beenmuch heavier, requiringa bigger
body, andits increaseccompleity would have requiredmorethanone RCX to
controlit, which would have hada negative impacton its performancen caseof
noisy communicatiorbetweenRCXs. By limiting the DOF to four, the facecan
distinctively displaythe five basicemotionswe chosewhile beingcontrolledby
only oneRCX.

A secondRCX controlstheinteractionwith humansandcommunicatesvith
the RCX controlling the face. We wantedthe interactionto be asnaturalaspos-
sible, and sincefor this projectwe are not using Feelix asa mobile robot—the
humanis sitting in front of it so asto betterobsenre the face—thefeet seemed
to be the bestlocationfor tactile stimulation,asthey are protrudingandeasyto
touch. We built two specialfeetfor Feelix usingtouch-friendly(smooth,large,
and rounded)LEGO parts. Underneatheachfoot is a binary touch sensor
pressear not-pressed.

3.1 Displaying emotional expressions

Eachemotionalstatehasan associatedlistinctive prototypicalfacial expression
(shawvnin Figure?2), characterize@sfollows:

e Anger:raised eyebrovs, moderatelyopenwide mouthwith upperip curved
downwardsandstraightlower lip.

4“Whenwe talk aboutraisedor loweredeyebraws, it is in facttheir externalendsthatareraised
or lowered,sincethe internalend of eacheyebraw is attachedo a shaftandthereforeeyebrons
canonly rotateon thataxis.



Fear:loweredeyebravs, moderatelyopenwide mouthwith upperlip bent
downwardsandlower lip slightly curvedupwards.

Happinessstraighteyebraws, closedwide mouthbentupwards.

Sadnessvery loweredeyebraws, closedmouthbentdovnwards.

Surprise:highly raisedeyebraws, very opennarrav mouth.

Theseexpressionsare slightly modified by moving the expressve featurein
thecorrespondingalf of theface—gebravs or mouth—whertheemotionreaches
avery highintensity

3.2 Implementing the model of emotion activation

Interactionwith Feelixis only throughtactile stimulationon the feet, causingthe
touch sensordo be pressed.To distinguishbetweendifferentkinds of stimuli,
we useduration and frequency of presses. As for duration, it was enoughto
definethreetypesof stimuli to implementthe generalstimulationpatternsn our
model: short(lessthan0.4 seconds)long (up to five seconds)or very long (over
five seconds).Frequeny is calculatedon the basisof a minimal time unit of 2
secondghat we call chunk. When a chunk ends,information aboutstimuli is
analyzedanda messagencodingreelix’ currentemotionalstateandits intensity
is sentto the RCX controlling the face,so that the emotionalexpressioncan be
updatedf necessary

Althoughit is possibleto combinetwo expressionsn Feelix’ face we have as
for now adopteda winnertakes-allstratgy basedon thelevel of emotionactiva-
tion to selectanddisplaythe emotionalstateof the robot. Emotionsareassigned
differentintensitiescalculatedon the groundsof stimulationpatterns.At theend
of eachchunk,the emotionwith the highestintensity determineghe emotional
stateof Feelix. However, for this emotionto becomeactive andgetexpressedits
intensityhasto reachacertainthreshold By settingthisthresholchigheror lower,
we cangive Feelix differenttemperaments—i.emake it more “extroverted” or
“introverted”. Whena new emotionbecomesctive, it temporarilyinhibits all the
otheremotionsby resettingtheir intensitiesto 0.

Emotionintensitiesarecalculatedoy anupdate function thatdepend®ntime,
andreflectssomeof thedistinctive featuresof basicemotionspamelyquick onset
andbrief duration[6]. Theintensityof the actve emotionincreasesvith appro-
priatestimulationdependingon how long this emotionhasbeenactive. Intensity
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increasedastwithin a periodof aboutten secondsfterthe onsetof the emotion
until it reachesa high level; the increases thencloseto 0 for a period of forty
secondstheincreasas negative thereaftewntil theintensitydropsbelow the ac-
tivationthreshold.An emotionof which theintensityhasjust droppedbelow the
thresholdwill thereforebe easilyreactvatedif the sametype of stimulationper
sists.Thisis to reflectthe factthatemotionshave alimited, shortduratior? (from
afew seconddo few minutesin humans)althoughthey canbe repeatedlyreac-
tivated. All emotionsincreasetheir intensitieswith stimulationexceptsadness,
which is producedwhen Feelix getsno attention. A time decay function makes
emotionintensitiesdecreasavhen Feelix is not being stimulated. For sadness,
this function appliesonly afteralong periodof inactivity, whenits intensityhas
reachedts highestlevel, to reflectagainthe fact thatemotionshave a shortdu-
ration. Whenno emotionis actve—i.e. above the activation threshold—Feelix
displaysa neutralface.

We mappedhe generalstimulationpatterndrom our modelinto tactile stim-
ulationpatternsasfollows.

e Stimulation increase is achieved by frequentshort presseson ary of the
feet. This patterncangive riseto two emotions surpriseandfear Surprise
is producedby a lessintenseincreasej.e., oneor two shortpressesftera
periodof inactity or low/moderatectiity. Surprisecannotreoccurwithin
a shortperiod of time. We thereforehave an inhibition mechanismnthat
suppressethe activation of surprisefor sometime after an episodeof this
emotion.Fear is producedvhentheincreasas moreintense needingmore
frequentshortpresse$o becomeactve.

e A sustained high stimulation level overwhelmsFeelixandproducesanger
Very long presses|asting three or more chunks,or mary frequentshort
pressedncreasdheintensityof anger

e A moderate level of stimulationthatneitheroverstimulatesior understimu-
latesFeelix produceshappinessThis level is achierzed by gentle,long (but
not too long) presses.The modelwe presentedn Section2.2 alsoincor-
poratesa patternfor happinessn the senseof relief, i.e., the cessatiorof

SAffective stateswith along durationarecalledmoods. They aremuchlessintenseandhave
differentelicitors and much wealer associatedbehaioral, physiological,etc.) manifestations;
they make morelik ely theonsetof specificemotions Emotionalstatesvith anintensitybelow the
activationthresholdcanbe seerasmoodsin Feelix.



atoo high, overwhelmingstimulationlevel. We have notimplementedhis
patternin Feelixyet.

e Sadnesss producedby a sustained low level of stimulation.As we already
mentionedijn Feelix’ casethis correspondso alackof (or verylittle) inter-
actionfor along period.

The amountof stimulationrequiredto changeFeelix’ emotionalstateandits
expressiondependson the intensity of the currently active emotion—themore
intensethe emotion,the morestimulationis neededor a changeto happen.

This modelof emotionactiationis implementedoy meansof a timed finite
statemachine(FSM) with threestates:Idle, Pressed, and Released. Three
timersareusedto measurahe chunks,the durationof a stimulus,and5-second
periods(the minimal lengthof a very long stimulus),respectrely. During each
chunkthe FSMwill circle betweenthe Pressed andReleased statescounting
the numberof shortandlong stimuli. The durationof a very long stimulusis
calculatedacrosschunks,by countingthe numberof 5-secondperiodsthat the
stimuluslasted. The FSM returnsto the Idle stateand awaits the next stimulus
eitherat the end of a chunk(i.e. aftertwo secondspr whena stimuluslonger
thantwo secondsnds. Uponreturning,the intensitiesof the differentemotions
areupdatedaccordingto the numberof short,long, and(whenappropriateyery
long stimuli.

4 EXPERIMENTSAND RESULTS

To evaluatethe recognizabilityof the facial expressionsf Feelix we designed
threetests. Thefirst oneis a free test—nolist of emotionadjectvesor ary other
cuesare provided—in which subjectsare asked to label a sequencef five ex-

pressiongperformedby Feelix: anger sadnessfear, happinesssurprise. The

secondestis a multiple-choiceonein which subjectsareasledto labelthe same
sequencef expressionshut this time they aregivena list of nine emotionde-

scriptorsincluding four extra ones:disgust,anxiety pride,worry. In addition,to

testwhethersubjectscanrecognizethe valenceof the emotion,for eachemotion
they areaskedwhetherthey think the expressionis elicited by somethingFeelix

likesor by somethingit doesnot like. As aform of control, we alsodesigned
afreetestwheresubjectsareaslkedto label emotionalexpressiongrom pictures
of humanfaces,namelyanger sadnesshappinessfear, contempt,surprise,and
disgust.
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We have conductedwo suitesof experiments.Thefirst suitewasconducted
onfour groupsof children(5—6childreneach)aged9-10years.Dueto time con-
straints,only the first two testswere performedin this case.In the secondsuite
we performedhethreetestson a groupof twentyadults(studentandemployees
atthe Departmenbf ComputerSciencan AarhusUniversity),ages24to 57. An-
swerswereconsideredo be correctwhenthe subjectsusedthe samedescriptors
we have employedor very closesynoryms.

Theresultswe obtainedwere surprisinglycloseto thosecommonlyreported
in the emotionliterature on recognitionof facial expressionf basicemotions
in cross-culturaktudies(seefor instancd3] for anoverview of thesestudies),jn
particularin the free tests. In the robot tests, the emotionsthat were mosteas-
ily recognizedvereanger happinessandsadnessyhile theresultsfor fearwere
very poor (slightly betterin the multiple-choicetestthanin the free one, unlike
theotheremotions).Recognitionof surprisewasonly slightly over50%in adults,
lessthan40% in children. Resultsin the multiple-choicetestwere worse(sub-
stantiallysofor children)thanin the free onefor anger happinessandsadness,
while they were betterfor surpriseandfear Wordsthus seemto be confusing
for emotionsthat areintuitively very easyto recognize;theseemotionsare also
theonesthathave betterrecognitionresultsin cross-culturastudiesover 90%in
somecases)andwhich arelistedin mostclassificationsof basicemotions.Fear
is alsocommonlyconsidere@soneof thecorebasicemotionsput its recognition
in humangs usuallymoredifficult (figuresturnaround65%,whichis prettyclose
to the 60%we obtainedn theteston humanfaces).Our poorresultswith thefear
expressionmight indicatethat more expressve resourcesre neededo display
thisemaotion,in particulartheability to move theinnereyebraov up anddown, but
this would requireonemore DOF, andthereforeon moreRCX. We planinstead
to associatesoundto the facial expressionsasan additionalmeansof corveying
emotion. Comparingthe two free tests, resultson sadnes$85% succes®n both
Feelix’ faceandthe humanfacefor adults,76% on Feelix’ facefor children)and
anger(70% succes®n the humanfacesand65% on Feelix’ facefor adults,71%
for children)werebasicallythe same with resultsfor happines$eingnearlyso
(95% succeson the humanface, 80% on Feelix’ facefor adultsand 86% for
children).

Averagerecognitionof emotionalexpression$was 71% for adultsand 66%

5Thesefiguresexcluderesultsfor fearin the robottestsandfor contemptin the humanfaces
one,sinceall subjectsagreedthat theseexpressionsvery bad (resultswere closeto 0%). Their
inclusionlowersfiguresby about10 points.
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for childrenin thefreeteston Feelix’ face,66% for adultsand53%for children
in themultiple-choiceteston Feelix’ face,and78% (only for adults)in theteston
picturesof humanfaces.

Valencerecognitionwasvery high (closeto 100%)in all casesxceptfor the
always controversial caseof surprise,which was attributed a negative valence
by about2/ 3 of the subjects,a positive one by the rest. This matchedindings
from studieson humanfaces(see[6] for an account)that surpriseis perceved
differently thanotheremotions,not definingan exclusive cateyory (e.g.,it is not
alwaysdistinguishedrom fear, asit often happenedn our tests)andwithout a
clearvalence.

We have not yet performedary formal teststo evaluatethe plausibility of the
emotionactivation patternsin the interactionwith Feelix. So far we have only
obsened peoplespontaneouslynteractingwith the robot, or trying to guessthe
stimulationpatternswe usedto elicit differentemotionsin it. Someinteraction
patterngthoseof happinesandsadness(eemedo be very naturalandeasyto
understandwhile otherspresentednore difficulty (e.g., it takes more time to
learnto distinguishbetweerthe patternghatcausesurpriseandfear, andbetween
thosethat producefearandanger).However, theseinformal obsenationsdo not
allow usto drawv ary conclusve results.We arecurrentlydesigningmoreformal
experimentdo furtherinvestigatehis aspect.

5 RELATED WORK

Verylittle work hasbeencarriedoutusingemotionsandtheirfacialexpressionsn
the context of human-robointeraction. CynthiaBreazeahasdevelopedKismet
asatestbedior learningsocialinteractionsn situationsinvolving aninfant (the
robot)andhercaretaler (a human).Kismetis aheadwith active stereovisionand
configurablefacial features—gelids, ears,eyebrons, anda mouth. Humanscan
interactwith it eitherby directface-to-aceexchangeor by shaving it atoy. In
[1], Breazealeportson someexperimentsvhereKismetusesinedifferentfacial
expression$o manipulatats humancaretalerinto satisfyingits internaldrives—a
socialdrive,astimulationdrive,andafatiguedrive. Sincethefocusof thiswork is
onsociallearning,no experimentdo testthe expressve aspect®f theinteraction
have beenreportedso far. However, giventhat we have taken almostopposite
working hypothesesoncerningexpressve facialfeaturega rathersophisticated,
configurablesetof featuresn hercase yersusa minimalistonein ours),it would
behighly interestingo performcommontestson humarrecognitionof therobots’
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expressionandto compareour results.

Minerva, developedby SebastiarThrun, is a mobile robot that givesguided
toursto visitors of the Smithsoniars Museumof AmericanHistory [13]. It dis-
playsemotionaktates—neutrahapypy, sad,andangry—usingcaricaturizedace
andsimple speech.Emotionalstatesariseasa consequencef travel-relatedin-
teraction(e.g., angerresultsfrom its inability to move due to the presenceof
people),andtheir expressionsaim at affecting this interactiontowardsachieszing
the robot’s goals—traeling from oneexhibit to the next one,engagingpeoples
attentionwhendescribingan exhibit, andattractingpeopleto participatein anev
tour. Although[13] reportsvery successfuinteractionghatthe authorsattribute
to empathetideelingsin people,t alsostateghatemotionsn Minervaarepurely
ameando anendandnotanintegral partof therobot’s architecturendinterface.

A surprisingexperiment,althoughusing a computerinsteadof a robot, was
conductedby Clark Elliott [7] to testthe computers ability to expressemotions
by having humansrecognizethem. The computerusedboth caricaturizedacial
expressionsandvoice inflection to corvey differentemotionalstateswhile say-
ing sentenceslevoided of emotionalcontent. As a control, he had an actor say
the samesentencesnd expressthe sameemotions. It turnedout that humans
performedsubstantiallybetterwhen recognizingthe emotionsexpressecdy the
computer(70% of successjhanthoseexpressedy the actor(50% of success).
Elliott suggestghattheseresultsmight be partly dueto the useof caricaturized
expressions.

6 CONCLUSIONSAND FUTURE WORK

We have presentecdtarly work on Feelix, a humanoid-lookingLEGO robot ca-
pableof displayingsereral emotionalexpressionsn responsédo direct physical
stimulation. Feeliximplementgwo complementarynodelsdravn from the psy-
chologicalliterature on humanemotion—oneconcerning‘universal” facial ex-
pression®of basicemotions the otherpostulatinga principle for emotionactiva-
tion basedon generalstimulationpatternsthat we however associatd¢o discrete
basicemotions We have conductedsomeexperimentdo assestiow well humans
canrecognizeemotionalexpressionsn Feelix’ face.Our resultsmatchquitewell
resultsreportedin the literatureon emotionrecognitionfrom picturesof human
faces.They alsoshaw thatthe“core” basicemotionsof anger happinessandsad-
nessaremosteasilyrecognizedwhereadear wasmostly interpretedasanxiety
sadnessyr surprise.This resultmight be dueto the needof additionalexpressve
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features We arecurrentlyworking with a composenf the Musikhusetn Aarhus
to associatesoundpatterngo the differentexpressionsin orderto emphasizehe

emotioncorveyed. In addition, we intendto implementthe emotionactivation

modelusingothersensorymodalities.Specialearsarecurrentlybeingdeveloped
to enableFeelixto respondo auditorystimulation(e.g.,claps).Finally, to obtain
amoresoundanalysisof Feelix’ emotionalexpressionsaanda bettercomparison
with studiesof recognitionof emotionalexpressionsn humanfaceswe planto

analyzethe robot’s expressionsn collaborationwith psychologistsn De Bonis

groupatthe Universityof Paris-XI.
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