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Facial expression analysis using motion capture and eye tracking 
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Abstract Humans are well known to use non-verbal information as well as verbal 
information in communication. Non-verbal infomation is expected to play an important 
role relatively in complex communication including agreement and apology. We propose an 

analysis method for vague facial expression using motion caphue and eye tracking 
simultaneously. Eye directions and facial movements of a subject while two kinds of 

face-to-face communication, 'free' conversation and kompulsoty' conversation, are 
recorded and analyzed by Self-organizing map (SOM). The results of the analysis show hat  

four kinds of expression of affirmation, negation, interrogation and thought, have their own 
feahlres in the facial motions and the eye directions. 

1, Introduction 

The realistic expression of the human body using 

computer graphics (CG) is desirable in various 
fields such as industries providing interactive 
content and human interactions, in addition to the 
movie, television, and game industries. In particular, 
facial expression has been considered as one of the 
critical issues since the initial development of CG 
Several researches have becn conducted on these 
issues [2] in the past. 

A typical example of previous developments is 
the concept of AU (action unit) and FACS (Facial 
Action Coding System) that was developed by 
E h a n .  et al. [3]. AU is defined as 'Yhe minimum 
unit of facial expression motion identifiable by 
human visual function" and is not included in the 
anatomical characteristics. FACS is a method used 
for expressing facial expressions in combination 
with AUs. Since it is possible to express various 
facial expressions by a small number of parameter 
operations, FACS continues to be used as a means 
for expression synthesis. However, irrespective of 
these advantages, since the AU has ken categorized 
and defined subjectively by various facial 
expressions, the synthesized facial expressions 
sometimes give artificial and unnamI impressions. 

This shows that the synthetic method using AUs has 
limitations in expressing certain realities. 

Humans commonly use nonverbal information as 

well as verbal information in communication. 
Nonverbal information is  expected to play a 

relatively important role in compIex forms af  

communication such as agreements and apologies. 
We propose an analysis method for vague facial 
expressions that simultaneously uses motion capture 
and eye tracking. In this research, we focused on the 
facial expressions and eye directions obtained from 
nonverbal information and performed simultaneous 
measurements during face-to-face communications. 
A motion capture system was used for the extraction 
of a specific expression fiom the facial expressions, 
while an eye tracking system was used for the 
extraction of the eye line. The objective of this 
research was to define the correlation between the 
two. The subjects were asked to engage in two types 
of fice-to-face communication: ( 1 ) "he'" 

conversation and (2) "compulsory'" conversation. 

During the communications, their facial motions 
and eye directions were measured. The 
measurement data of the facial motion and eye 

direction were cut off before and aftw the 
appearance of expressions to study the 
characteristics af 4 expression types. Lastly, the 
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motion写乱Tld eyelines，an叩ticat motion亡aPture  

systemandan eyetra止ingsyst亡mWere u占edin  

combination The motion capture5yStemWaSused  

torneasureth∈fhcialmotionandh亡adpositionand  

theeyecaphlreSyStelT．WaSⅥSedtomモaSuretheeye  

direction．ThemeasurementmethDdsofcachsystem  

aredモSCホbedbelow．  

3．1．H帆船川C如血reofFa亡ialE丘pre5如n§  

（l）Optica］Tn且rkcrpIACemCnt：AsshDWninFigure  

l，OpticalmaTkersareplacedat51polrrIsonthefhce  

Of the su坤Cla皿d3 po］ntS On tlle head．The  

Chara亡teristic points fbr pla亡ement WereL Set by  

Te砧rri一喝tOtheFP（futurepDint）intheFDP（鮎ial  

defimitionpalam亡ter〕［町  

（ユ）Cam併丑 刑場靂ti仙：Opt血Imotioれ 亡aPture  

Sy邑tem〔maTluhcturedbyMotiotlAnalysis）jn丘－ared  

camer粥WerePlacedo71theIeftandr瞳htsidesto  

theftontofthesuqe亡t；therewere411njtsoneach  

Sidefbratotalof呂units，aS5llOWninFigure2・Thc  

c日meraS Were Setin an arc shape to avoid the  

interfbrence of－jn什ared rays and to6n且blelhe  

recognition 臼f al】fhcia］markers・Further，the  

c且TneraSWerenOtPlacediTnmediatelytothe加ntor  

th∈＄ubject to avoid fゝce－tO一鮎e communication  

jTtt亡触れC巳，  

印HcadmoycTnerLtCOrreCtioI・：Inorderto亡anCeL  

the movement of the he且d，fhc盲almarkeTS WeF∈  

corTeCtedbvtherr）Otiondatafbr3pomtsofth抽ead  

dbtaiT脚1byrnotioncapture■  

抱亡ial e叩reSSions were 亡at曙Odzed 鵬】咽  

selふ0問nizingmapsfSOM），ateaCh訂1∈SSleaming  

TnOdel，tOiTldicatethee餓ciencyofthesimultaJ）eOuS  

measuremeれt ロf th∈ 鮎i且Im（】tiロmS alld Ey∈  

di柑亡tiollS．   

ユ R亡l且t亡dRe細孔rl血es   

O巾a fヒw an且吋S亡5hav∈been叩Orモモd on t鮎  

correlBLtion betweeTt th巳Jhci丑1expression and the  

eyeline［5】，亡re且tedaneyebaltmovEmentmOdel  

based on th亡柁S山of m∈出uremen臨 taken by  

measumgthefhcjate叩reSSionsandcyedjrections  

during fhce－tO，fhce communjcation between two  

peopl亡；they then prod眈ed 且 real抽k 臨亡ial  

animatiDn by synthesizlnglt With the motion of  

fhcia】cxpressjons・Their TT）Dde）fbcused onthe  

ch且raCteIjsticsofsaccade（rapidmoveTnentOfthe  

町e），ahi由一Sp拝dey巳m耶em亡叫a¶dtheirre5u帖  

ag陀ed w拙 the 伽djn苦S r確即ding eyd〕atl  

movement that were presentedin previous  
reseaTClleSiTlthefieldsofp町Chologyarldcognitive  

5亡i亡抑已 Howev町1h∈ir r∈S亡ard】由仁us亡d on  

b11ilding an actualeyebaIT movement modelthat  

strongIy corre叩OndsIo the measuTement reSult；  

therefbTe，thefhcialmodelmotionmea凱1rementjs  

ratheTSuPPlementaryasiti5Dnlymade10improve  
the pTeCision ofthe model．As such，the fhcial  

e叩reSSjon BLnd eye djrectiDn Were nOt  
simⅥ厄n∈Ou叫m亡aSur∈血FuTtb鴨島in亡亡a距ri亡占Or  

communjcatiorLSlastlTlg a ftw mjnl聴S ea亡h were  

usedfbrtheanalysi50fth巳meaSurementre5uIt，the  
reseaTCh did not fiT）d the亡Orrel且tion between the  

exprモSSior］mOtionofasp亡Cj鮎exローeSSionandthe  

町e d由仁血m．Sin亡e fiw r悶ear亡血es have b駅n  

conduct巳d fhm the viewpoint of cl且ri＆ing the  

characteristicsofthefhcialmoljonandeyedirection  
atthecharacteristi亡man龍stationofanexpressiom  

this reseaI℃h was condllGted with the aim oF  

Clari卑・ingthecorrelationbetweenthetwo・   

3 SimⅦl佃n印uS M亡aSurem印t（lf F乱亡ial   

M巾伽nsand町eLi¶亡思   

ユ．1M粗写Ⅷr亡m亡mtMetl川d  

tn order to simultancous！y T間aSuFe the 臨・CiaI  

Fig．】Opti拍Imark訂pla亡母m即几  

Fig．2Ttl舟ardcamap加me山・  

3告l   
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3．3A田中舶馳血  

Among fhe9Eypes of亡OnVerSations，bDth触e  

COTIVeTSation aT］d compulsory co7Wer5ation were  

me且Suredin BOOd bahnce．Analy5eS Were  

Per向nnedon4expressionsofafnma，tion，TlegatiDn，  

inte汀Oga軸n，a－1d 血叩頭t．Th亡 母Xpr髄血n  

ma71if由tatjon fbT this reseBLrCh wa与jl］dged by  

typicaF utterances（if affirmative，“yeS”and  

l山一huh”；if negative，‘加’’且nd‘‘uhn－ulm”；if  

interrogative，“isit～？”and“you mean～？帥；if  

thoughts，“Welt’’and一‘um～”）・Someex且mPl∈SOf  

COnVeTS且tiona擢glVenbelow．  

、け）E玉虫mpl軸心rfr比亡仙Ye門虫伽n   

●“Ybu hal′e been h盲柁d．1兎ht？’’“Ⅵ泊h”  

（Ammti叩）   

■“Iam not very good且t t且Iking－－”：’‘‘No，  

yoⅦナ陀gロロdatit”（Neg且tio巾  

（ユ）Ex且mples¢f現川叩川1引Iり「Ⅲ¶Ye田立tion   

．L＜UmM－”T＞”Whatisitr’（hteITOgation）   

A“Wh且tdidyouhavefbrsupperlastnight？”－＞  

”Wヒ11，um－－－Ihad▲”（¶ought）   

Withregardtoeachexpression，30fhmesbefbre  

the staTtlng鮎Il】e Ofexpression rnanif』st且Iion and  

90丑■ameSafterthem且nif由tation，i．e．，a（Otalof120  

斤ames，Were eXtraCted．The startLng 仕且me Of  

expressior）manif由tationwasjudgedasthepointof．  

time at whi亡hthe uttモrar）Ce aPplicable to each  

expTe旦Sion began．h this research，eYe bIink  

infbrma．tjon was not used．Thereft）re，data not  

CO・Tltainlng eye hliRks wasllSed fbrextrac（ingthe  

Samples，Sincethesamplil唱ra随Sfbrbothmotiom  

CaPtuTe and eye tracking are60H2：，the analysjs  

la5tl∋d包丁25．   

TherllImbersofda【afbrea，Chexpressionwereニ  

且餌matiDn5（触∈：l，〔氾mpu150町：4），n喝a血n6  

仲ee：ユ，細山Pulsory：ヰ），int町佃島ati即】呂【鮎亡：4，  

COTnpulsory：4），andthought8（fte亡二4，COmpulsory：4〕，  

t口吻1iT唱2丁血愉SCtS．  

3．4AI柑Iy由ResⅦl也  

丸4．1tニyeI抽℃亡伽Ⅲ  

Eye direcEions tT）eaSured with 陀gard to 4  

e叩reSSioT15， Tlarnely， amrTnation， negation，  

interrogadon，andthol唱ht，arePlottedonth巳graPL  

（indicat亡dbychangillgth亡血ap∈S且nd．colo帽Orth亡  

11］afkers＝玩ー組Chofthe3s11biect＄）・The outside   

Fig．3E）・ePICtun： 

3．1．2MeasurementofEyeDirectjoTt  

Th∈ eye tra亡king system detemines the Eye  

dire亡tion bBLSed on the eye movement a71d the  

Calibratわnof苫aZlllgpOintsinthevIsu封pl且tle．Tn  

thisrese包rCh，aVjdeocamerawasplacedtotheIeft  

Ofthesu叫ect’slleadtocaptureimagesofthef5ceof  

血eper紺nWilhwhomfhce－tO一触号印lTlm11nicaCion  

Wa5 beir唱亡011ducted．Using tllis plCh汀e aS仇e  

叩血reinthevi5ualplane．theg旺ingpolntSinthe  

Visua・lplane，i．c，，theeyedir巳Ction．werecaleula［ed．  

3．ユFacetothce亡ommllnicationExpcrimcnt  

3．ユ．1Sllbj郎t  

Thest画ectswere3malesaged231o24，andthe  

PerSOnS With whom fhce－tD－hce coTTIrnun血tioTI  

Wa5 COnducted w∈re 4 m孔1es agedllto 31，  

Additional1y，PeTSOnS 亡OTnmunicating with the  

SubjectswereacquaintancesbelonglngtO tlleSallle  

COmmuntty．  

3．コ．ヱne也i帖orCommllmk乱tiom   

In this research，the fheevto－fhce communications  

COr［ducted fbr the plItTmSE Of mea＄urem亡ntS  

COfnPrisedthefbllowlng2pattems・  

（lIFr亡巳 印nVerS認伽n：ComⅥnkatわns w亡陀  

COndu亡ted withut spcei軸ng the t叩ic・The  

measIJrCmenttimewasapproxjmately3rnin．  

榊Compul印ry相打Ⅴ打S丑山爪＝Convers且tions山at  

encouraged the rr）aTIi臨station ロf 9 types of  

expr仁SSioII5 日uCh as 且餌matio11，n喝atjon，  

interrogatioTL．COnfirTTlatiDn，andt710ughtduringfh＝e  

COnVerSation are def加d as GOmPlll＄Ory  

叩nVerSation・FoTthese9帥es ofcoT”erSations．  

twotopicswerepreparedfbreach口付etOenabl∈the  

rarldDminterchang仁Ofl日＄hoTt COTllmunications・  

EachconversationcDTnPrjsEdonequestionandone  

re叩OTtS亡andlc8nV亡帽ationla5tedapp和Ximat¢ty5s．  

Th亡 abovemer）tioned c（Immunications with 2  

Pattemswereconducted血r27］eOPle．  

〕害2  



The14thKor印－J坤anJo；ntWorkshoponFroTltiers凸fC帥PuterVi由n，23－26J白nuary2008．Beppu，OitB．Japan  

3．4．王 F且亡i且IM（lti仙  

Vhriations were caIculated 丘om th亡 COOrdinate  

皿hes（X，≠and z）ロrモaCb markerbebⅣeen the  

舟amesatexprt；SSionmanif由tation且ndtheaveTage  

Valuewasdetenninedfbr亡且Chexpression丘ornall  

data of 3 s咄画ts．The markeT POSitions are  

indicatedbynumbers，TllEaIloc且tionsafeSt）OWnir）  

Figurc6．For2舟aTneS u＄ed fbr calculatlng tTle  

variation，thc30thand31St丘・乱汀帽思WereSClectedat  

tlle St丑rt Of the expression manif由tation．These  

肋m亡SW亡r∈Sd¢G旭db6Gau与6血eyw訂∈血∈仁一OSぢSt  

触mes to th巳 Star虻Of expression manif由tation  

h乱VingnoinnuenceofeyeblinkinBOnthe血ta．The  

COOrdi王一ateS fhci11g tk＝ 餌咄ect’呈 fhce are the  

X－CDOrdinate along the）ongitudinaldire亡tion，  

y一亡0（〕rdjna【亡aloT唱仇∈1叩山王OntaldirecIit）n，and  

Z－COOrdin且te aIor唱the verticaldirtx：tion．lIlthe  

ideTltincatioTt Of 4 typ亡S Of expres5jons，a  

亡h且帽CteristjcGhangewasobseⅣedaIongthez・舐is  

（YerticaIdirectioTl）．Theresu）tis姐owninFigure7．  

Thewhi（eandbhckbafSinthedrawingjndi亡且tethe  

PO・Sitive andnegativ亡directioT】S．reSPeCtively．The  

lengthofthebari71dic且teSthevariaption・  

3．5Dis亡n吉Sion  

3．5．1町eDire亡ti醐  

AsshowninFiBure3，ateTldellCyOfE［Vertingeyes  

斤omth∈伽ea一組W乱SCOnSist亡n班yobs訂V由i口【加  

expTTSSioTlOf‘’thought”fbr alls叫iects．On the  

con他作im the印pre6Sjoms of“a冊m出口n”and  

■1neEatiDn；’敦tCTlden亡yOffbmlS】ngtheeyesonthe  

払ce aJtea WaS jdentified．These re5ult5COnfbrm†o  

lhee叩加耶闇indailylif己如mas亡nSu且Ipointor  

view，aIld eye－gaヱe aVOidance bellaVi（）r When  

thinkinghasbeenobservedinpreviouヨStudies［6］・   

Fortheexpressionof“negation，”theresultswere  

山旧観帽ntb巳hve6n鮎6亡OnVer細血叩andm叩血叩  

conversation〔Fi苦．5）．First，dming斤eeconversatioT）  

fbr“negation，”thc 聞me eye－gaZe aYOidance  

behavjor was obs町Ved asiT］the case of tb∈  

叩reSSiotlOf“thought．”On th亡COntr叫in  

亡OmP山犯町¢OnY耶ati叫加甲作1加was加used  

8n加鮎e即閻朋im血e亡睨SOfthee叩僧SionsOf  

“a疏mation”and”htem）gatioTt．・・TTl亡reaSOTl如  

仇e di缶汀em亡e jn 也ese 陀Sults j庖1血atiIl帥¢  

GOnV打紐ti叫注亡1earandpr由i亡ablene辞tion亜dロOt   

鮎Imeindicatedbythe血ickliTter印r∈S印tSthe“eye  

fieId叩tha（indicatesthemaxirnumvi＄ual茄eldofthe  

StlbiectwhiIモtheinsjde抒amerepresentlr）gthモ“fhcモ  

area”indicatesthera一喝eWheretll亡fh亡eOftheother  

PerSOn既i封鼠   

Sin亡em】k唱e di脆r亡n亡eWaS Ob鋸汀V母din a叩  

COmmunicatiorL Other tllan negation（afFiTTnation，  

itlterrOBation，andtho11ghts），alL亡OnVerSa・tjon data  

W訂e t紬Iizモd and pIottedin one graph・For the  

exp柁S5ionor‘1忙苫adom，’’tkdi臨m拭SthatweT∈  

仁1e虹1yobserv細見reShowninth亡訂aph（下強・5）・  

．．  ‘鵡  
一∫．  0  

‾ 
二＝＝＝て∵Tニ＝－∴－－1l叩－  
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声  
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●缶＿t■ ■√t  
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β
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暑
 
 
⊥立札遥＿艮  

1佃鷹椚IGイ■F■：  

Fig．4Eyelin亡dis鵬bu【ionor亡叩ー田富ion〔加仁CO¶Ⅴ耶atjロ扉  

COmpu】5亡川γ亡OnlF亡悦血n）．   

て‾遍 

祖  

「巨  

轟疇■l・帥叩けFy  

Fj且．5Ey亡Linedi＄tTibl］tionofneEatjo71eXpr田Sion（bl＝触e  
亡ロnV亡円ation．b2：抑叩血叩ⅢTIY椚且tkm）・  

fig．6All∝ationor  
mark∈r口umb耶．  

（か旬  

ニーヰ‾寺・ご  
二・：－－－  

1  

削  

ぃ  

拍－1〕   

ldf■仙■ロ■  ■t■ヴ・  lF■■1■几・・F  ll叫・・l  

Fig．7正一亡DOt餉融川血血m血釦爪印reSSjon．  

3＄3  
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a叩mm面cal血＝ial亡翼pr亡SSion・Tbe蝕＝t that廿忙  

same t亡ndency has bcenidezIti鮎d during th亡  

＝iTlte刑Eation”expression mani鮎tation in this  

re5earChisYery）ntereSttnghth仁S引ISethatw亡W耶  

abletoextr且CtCOmPlicatede叩reSSionsth且taremOt  

inclu血din 血亡 b且Si亡 6 exp托SSions．The  

Chamcteristicsofeyedirectionsand・hcialmotjons  

ineachexpressioncategotTareglVeninT油1el．  

4 C如ego血沈軸m巾rF且血1E神代霧Sio爪by  

S（IM   

UsingtheeyedirectioJland fhcialmotion data，a  
甜】hT辞nizhg map（SOM）w乱S 亡reat亡d to  

categori2：e血：iale叩re告Sions．We discussion the  

extcnttowhichth∈eyediTeCtioTldata叩ntTibutesto  

也e亡at昭OrizadonoF血ci乱Iexpressiol－S・  

4．1IIre－pm亡即日lmg  

The char紅ter由元arrLOuntfbrtLSモinleamlT唱Wa息  

Selected．First，R）rtheeyed；rectioTldata，5eCtions  

lastitlgO．5sobtainedぬblyfhmal12島datawere  

selectedandtheeyecoordinatemov印IentVa］lle（x．  

ycoordinat喝1寛一dirn・）fbrev町0・05swasusモd・   

Forthefhcialmotio71，COrrelationsaTedetemined  

onatotalof54TmrkeTSuSedintheme舶uremerltOf  

fhcialmotions．The cooIdinate v丑1ucs（軋．y，  

coordir］at叫Of19pie亡eS Of m訂kers wi（h Low  

corTelationefnciencywereused．   

Learnmgwascondu⊂tedu血gthesedataandthe  

亡ategOri2＝Ettionresultwasvisuatized・LeamlngWaS  

conductedonthefbl］owing3typesofdatasets・回  

Onlyeyedire亡鮎ndata（lB－diTnenSion），（b）only  

fhcialmotion血ta（57Jjm，），and〔c）75－dim・血ta  

s亡tCOmbiningey亡dir6Ctionandfhci且1motion・For  

themap，10￥10nodesweresetandtheinitial  

positions was randomiy as＄lgned・Th｛1eammg  

舟叫uⅢ亡yWaSヨ00001im亡S・   

TabLel．Expre5SionarLduriousCharactetisti亡旦¢fEyeLine  
andF誠ねIMo亡ion  

即南t asin the case ofcornpulsory conveTSation・  

Å1thoughthe expression type of utter且nC6WaS  

lin昭atio扉’w玩n we拙n≦id併thモⅢnt亡叫We  

obseTVethatithasastrongrrlCanlngOfateTnPOrary  

response砧rtakingtlmetOCOnSiderwhattospeak  
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