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Toward an integrated model of emotion recognition methods based on reviews of previous work
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Abstract

Current researches on emotion detection classify emotions by using the information from facial, vocal, and bodily
expressions, or physiological responses. This study was to review three representative emotion recognition methods,
which were based on psychological theory of emotion. Firstly, literature review on the emotion recognition methods
based on facial expressions was done. These studies were supported by Darwin’s theory. Secondly, review on the
emotion recognition methods based on changes in physiology was conducted. These researches were relied on
James’ theory. Lastly, a review on the emotion recognition was conducted on the basis of multimodality(i.e.,
combination of signals from face, dialogue, posture, or peripheral nervous system). These studies were supported by
both Darwin’s and James’ theories. In each part, research findings was examined as well as theoretical backgrounds
which each method was relied on. This review proposed a need for an integrated model of emotion recognition
methods to evolve the way of emotion recognition. The integrated model suggests that emotion recognition methods
are needed to include other physiological signals such as brain responses or face temperature. Also, the integrated
model proposed that emotion recognition methods are needed to be based on multidimensional model and take
consideration of cognitive appraisal factors during emotional experience.

Keywords : Emotion recognition, facial expression, physiology, multimodality
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Pantic & Patras, 2006; Pantic & Rothkrantz, 2004a;
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AL} At E Classifi HAM Hekg ALk} At E Classifi HAM s
- feature asslier | m= (%) - feature assler | m= (%)
Ashraf et al. Pantic & Facial
AAM SVM 2 Im: EER: 19 ¢ ) .
" & Patras profile Rule-based |27 AUs Vi: 86.3
(2007)
(2006) points
Bartlett et Gabor SVM+HM .
A [ :75- .
al. (2004) | wavelets M 3 AUs | Im/Vi75-98 Pantic & | frontal and
Rothkrantz profile Rule-based |32 AUs Im:86
Bartlett et Gabor Adaboost 17 AUs Im:93.4(CK+EH), (2004a) | facial points
al. (2005) | wavelets SVM 90.5 (RU)
Pantic & | frontal and Rule-based
Cohen et al.| 12 motion Tree-augme Im:66.53(CH), Rothkrantz |  profile case-based, 9 Im:83
(2003) uits | Med DBN, 6 73.22(CK) (2004b) | facial points
HMM Vi:58.63(CH)
Sebe et al. | 12 motion Im:93 (CK)
shape (2004) units KN : 95 (SD)
Cohn et al. | models, LDC |3 AUs | Im:76(3-class)
abor ' ong et al. abor aboost i:93. s
(2004) Gab T 1 Gab Adab 14 AUs Vi:93.2 (OD)
wavelets (2007) wavelets DBN 93.3 (CK)
El Kaliouby . Motion .
24 facial 1 :61(MMI
& Robinson ii:‘a DBN 6 Vi:77.4 Zla itzaoroj; history | SNoW kNN |15 AUs| V! 668 ((CK) )
(2004) pornts ' images
Fasel et al. | Gray-level Valstar et | 8 facial gentle .
. . NN 7 Im:38-68 . 2 Vi:90.7
(2004) | intensity n al. (2006) | points | boost, SVM :
nges & Shape C4.5, Im:80-100(vario Valstar et | 20 facial Gent'le .
Piccardi features, Baves-Net 8 us fusion) al. (2007) oints SVM-sigmo 2 Vi:94
(2005) | optical flow | ' P id
I fi h
oannou et FAPs neurofuzzy 3 Im: 78 Wang. & | Shape and NN with
al. (2005) network Ahuja gray-level HOSVD 7 Im: 84.58
(2003) texture
Ji et al Shape DBN 5 Correlation
(2006) features coefficient: 95.3 Wang et al. | 3D surface
(2006) labels LDA 6 Im: 83.6
Kapoor & | Facial and
Picard head GP, SVM, 2 Vi:86 Wen & .
HMM, NN Geometric, | Examplars
(2005) gesture Huang . . 4 Im: 75.37
(2003) ratio-image | with GMM
Pixel
Kapoor et | difference | Same as in 5 Vi:79.17 Whitehill & Haar
al. (2007) | of mouth [73] Baseline: 58 Omlin featur Adaboost |11 AUs Im: 92.35
region (2006) catures
L Pixel Pixel
Elgzemrgr:al intenls);tey of decomposa 6 Vi: 39.58 Yeasin et intenls);tey of kNN+HM 6 Vi: 90.7 (CK)
1 1 Im: 61. . -
(2005) | face region ble mode m: 61.85 al. (2006) face M 72-82 (OD)
Littlewort Gabor Adaboost . Zeng et al.| Texture Im:79(male),
2 Vi: 72 . SVDD 2
et al. (2007)| wavelets SVM ' (2006) with LPP 87(female)
) Im: 95 (CK)
Lucey et al. AUs: with 16.66% 3E 19] oFx}el] digk A™: Image/Video based, EER: equal error rate, FAR:
AAM SVM CK: 15 false acceptance rate, and GP:Gaussian process
(2007) FAR, 7047
OD: 4 (D) AAI, BU, CH, CK, FABO, MMI, RU, and SD are the database name.

EH: the Ekman-Hager database, OD: Other database, and ?: missing entry.
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(training) H|Z~Es}= Zlo] §-o]s}7] wjio]7] %= sttt
(2., Kanade et al., 2000). Z1&{u}, AHA] <12 BIHS
AA| Ao gaH o §&3t7] flsiA e 712 AA
ol9le] FAM HElE EAstE = wdo] dasith o
T ATl AE 712 AATE obd A BH, dE =
A 3] 2 3h(fatigue)(Gu & Ji, 2004; Ji et al., 2006), &2
Sl=(agreeing), F%-3=(concentrated), -S| 2} =(interested),
Ay 7} &)= (thinking), &% 2~2]-(confused), Fd2v]F
(frustrated) ¥ 22> A2l FEE FA8k 1 A =71 21

=11 UTHE] Kaliouby & Robinson, 2004; Kapoor et
al., 2007, Kapoor & Picard, 2005; Teeters et al., 2006;
Yeasin et al., 20006).
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& dE B4 B ARgskaL lvke Aol Q19
Ao AL FAL A A=Y 17800 s
333 ZgE o] JT(Tian et al., 2005). 1822, A
7% BAS AREste] AE AA A Al2"lS A
Aol 2-8-3k= A AL vk Hol 2R A
=2 Adzdy A 245 ARSskaL =), Ak
28] A BAHAA HAME TS A K (Bartlett et

al., 2003; Bartlett et al., 2005; Bartlett et al, 2006; Cohn
et al., 2004; Cohn & Schmidt, 2004; Ioannou et al.,
2005; Lucey et al.,, 2007; Sebe et al., 2004; Valstar et
al., 2006, Zeng et al, 2006; Littlewort et al., 2007,
Ashraf, 2007; Valstar et al., 2007), Q& <59 &9
= detsteal At e dAtEe] ofd &kt
(Bartlett et al., 2003; Bartlett et al., 2005; Bartlett et al.,
2006; Cohn et al., 2004; Cohn & Schmidt, 2004; Valstar
et al.,, 2006; Valstar et al., 2007). A =82 d= #
A3} AR AL A Alolol&= FQ3F xfo]Ho] &
A & chH(Pantic & Patras, 2006; Afzal & Robinson, 2009;
Cohn, & Schmidt, 2004; Ekman et al., 1990). “12] =&
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t}. Chang 5(2005) 123 Wang 5(2006) Yin 5
(2006)°] A= A= F4 AAS fIste] 3% ofn]|
A5 AT AP AQ oot 3xkd dE mEd 7]
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(¢ll., Cohn et al, 2004; Ji et al., 2006; Zhang & Ji,
2005; Zhu, & Ji, 2006; Valstar et al., 2007), #|2=~* =
H (4., Balomenos et al., 2005; Gunes & Piccardi,
2005a, 2005b; Valstar et al.,, 2007), <] AFA| A X
(<l., Kapoor et al., 2007; Kapoor & Picard, 2005;
Gunes & M. Piccardi, 2005)E X33l AF8-3kal )
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A AEolA AN B S 7FF S Darwin®] ©] &
of Hl3l James®] o]&& ‘AJE A W 3K(physiological
changes)’S 7423l James(1884)= A=rol thdh wt
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2] Aol Al AMGzQ] Langet= HE AWt GA (4., &
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et Jamest WFIH7EAIZ, Lange = A A ) A

D AAANA YA W02 R AMEE
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o, o] F AFghe] o]#-2 “James-Lange ©] #7002
A skt o] o] 22 A4 217 Zl(Autonomic Nervous

System; ANS)®] ¥7-21 172173 7| (Sympathetic Nervous
System; SNS)ollA] YEh}e «“Bish 2 Gixl& Args)
a7k SRtk A AdolA e WsE A A sk
el AFAE 2 Aol mE dEA A A
Hkg-o] Sttt 714 S
Ao AE]A WS 423 Jamese] B ¢
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S g we A% A 94 APEE 7 A
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Aot Ao wme,
(Electromyogram; EMG), 3]
SAste 9Rd7] 44
(BElectrodermal Activity; EDA), A7 &4 stE =73}
% (Electrocardiogram; EKG or ECG), i =4
8t Z17] ok (Electrooculogram, EOG)©]
2AstE TS HAASTIE
(Electroencephalography, EEG) 18|31 1] 219 ¥ <
A} 2 7]%(functional Magnetic Resonance Imaging,
)EE XgEh
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XI=2-H12(SR) EXA[Stimulus-response(SR) specificity] :

o|AE EAT A Aol A it 54T A
24 1hg g2 (patterns) S 73 @ gt o] Eolth @
& A AEY} Ekman 5(1983)2 A& A2 &
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A dddow vehdva spg et

1 HhS(rebound) : o] A2 Aol o5
s 7 7HA @delvh WA, s3shs Ao
Hom A uf, e wkgAe] Hashs &
o Whs2 Aol AAEE Ay As= Wet
s A= AAL @ Sl A A wbgol ) A

370 tH(Andreassi, 2007).

Al
/\}J‘loHOk ekl ARbslr] wolth. A5 AbE e ol
28k Aljks ”?ﬂ%‘ T AE 2 e Fa
ATh & EW, Nasoz 5(2004)2> 1E2] MAUI
(Multimodal Affective User Interface) A|Z~8lS ©]-835

of AeA AsE A wEE F de oA 7HA
daglFS Huet o FHol, o] ATAES AR
;4} ,]ZXJ o7 xga /q&(ﬂm JJr ,L] ;QE)Q} ;g/q
2[4 7Hvalence) 9t 714 (arousal)] vH S AAF
= AgAg AA W (Psychophysiological Emotional
Map; PPEM)(Villon & Lisetti, 2006)3 #]¢Hgic}.
320 AEAE 7k A Q1A AFES a.okst
of AAIBFATHCalvo & D’Mello, 2010). %ol= 7 <
ToA AFEE A E, EA(feature) & 71, 18]l
AA BEONE A e 2R GA)ol EiE] 9l

ok AE AEel Zlng gA A9l 9N dFEe
A9 wAS Adstn YA, he] ATES )

g Azsglo] F8th B4, 44 A4 915
AHgEE A A5 ASH el Helth AT
grEe A ANl WY ARES ke 9
AHQ) A AXZ g ek e, B0
2 ARgEE Qi AY AR N Amw} Jukg
& A4S Aol fA AxE otk A o
A 2AHE APNEE Bgs] e vR A
w9 Augs AN B BER AXE AHgehs
Ae A 8 & oo,

olelt AT A Az diF vekow mrh
ChFE A AEE A Ale] TP wmo] @
R31Th AV 20 7F A7 wete A Aelsh B
A 27 71Ae FRe] A8 A % eE
2 ASrFoA JA Aol s1of8) Gk ol F
o) Ao AW PAsh Ay 541 174 719

o] 7 ¥ 1 tH(Damasio et al., 2000; for review Phan et
al., 2002; Murphy et al., 2003). Phan 5(2002)-> 734 <}

#AH9 ¥ 7% vE AT TxE AEA e &
o vy gy B givka 2aslglch Muphy &
(2003)2 259 wE Aol FEE ALA, Fo

= ugANe), ey B )3 olohaTed
o] &Adstel AdE= Arka ®Bastgdeh ol F7}
How, Aol AT A7 A5

of sk 54 A4S TR
(Sitaram et al., 2010). 7% 2.2, Sitaram 5(2010)
Support Vector Machine(SVM) 7]H-S ©]-8-3}] fMRI
ATZEE PE = ool e sole] HA] ALE)

2 -ErOMW fMRI 2% o] <]

BRE ARt AR Thestth Htol=
of 7lWtetel AME FEstE e =HE0] Ay
2 tH(Khan et al., 2006; Nakanishi & Imai-Matsumura,
2008; Sugimotol et al., 2000; Yoshitomi et al., 2002).
Yoshitomi %5-(2002)-2 Neural Network(NN) 7]H-& o]
L3l dF &5 7|43 = ZFH z‘sgi lr—a— a8
& AME FE39 0 Khan 5(2006)2 FA - &
A1 (Principal Components Analysis; PCA) 719 & ©]&
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H=
st o9, 718, €3, ¥, 18 ¥ BA T
7 BAE ekt F7HA 22, Sugimoto
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= AAE et oA

E: 24
Lo 7|uksle] AME BEsE A

o
e o |o
ol
-



o
f
e o
v

Z(self-enactment)©] T}, ©]
A

A M-S AAse] A4

4

oxt
o oy ot x Zx orfr o

w A, AAHe

o
2
ﬂllﬂl
o
i)
ol
Rl
N
do

A Ate] oo, FEE Wiz AAlol AH et
7185 AEsHE (Kleef et al, 20105 AHS
it

A5l 7HA = olel g A A B Eof, AA <l
2o AYANEE AMESHE dE 2 7] B2HE]
A WA, A EsE S5k VIHES s
Holal FAQlell ofs) WA sh= Aol Fde] vzt
sttbs Alelth 3, AR el et dEE =k
EAET Ao Aies A ix &
H] = 1,000HzOl A A& 7158 4 vk 28u A
3o AA A Y EE 25 E 574 (features)

R 1
(Andreassi, 2007). 22202 A zo] 7|83k A
A Q12 ATES g A&7 HAsiA e A

gl Ans Holy §5 7]

ol .

2 Me| sl 7|dkst HAM QlA o7 22KCalvo & D'Mello,

2010)
ALEE o HAM e
AR _

T AE Classifier o= %)
Picard et al.| EKG, SC, FISh‘zZthPrOJ 8 Best acc:
(2001) EMG SFFS/KNN 81.25

Wagner et | EKG, SC,
al. (2005) EMG PCA 4 80-90
Kim et al. | EKG, ST 78 for 3
P VM 3 4
(2004) SC S & 62 for 4
Nasoz et al. KNN, DFA 71, 74
b b +71_E b b
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