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Emotion Recognition using Facial Thermal Images
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ABSTRACT

Objective: The aim of this study is to investigate facial temperature changes induced by facial expression and emotional
state in order to recognize a persons emotion using facial thermal images. Background: Facial thermal images have two
advantages compared to visual images. Firstly, facial temperature measured by thermal camera does not depend on skin
color, darkness, and lighting condition. Secondly, facial thermal images are changed not only by facial expression but also
emotional state. To our knowledge, there is no study to concurrently investigate these two sources of facial temperature
changes. Method: 231 students participated in the experiment. Four kinds of stimuli inducing anger, fear, boredom, and
neutral were presented to participants and the facial temperatures were measured by an infrared camera. Each stimulus
consisted of baseline and emotion period. Baseline period lasted during Imin and emotion period 1~3min. In the data
analysis, the temperature differences between the baseline and emotion state were analyzed. Eyes, mouth, and glabella were
selected for facial expression features, and forehead, nose, cheeks were selected for emotional state features. Results: The
temperatures of eyes, mouth, glanella, forehead, and nose area were significantly decreased during the emotional experience
and the changes were significantly different by the kind of emotion. The result of linear discriminant analysis for emotion
recognition showed that the correct classification percentage in four emotions was 62.7% when using both facial expression
features and emotional state features. The accuracy was slightly but significantly decreased at 56.7% when using only facial
expression features, and the accuracy was 40.2% when using only emotional state features. Conclusion: Facial expression
features are essential in emotion recognition, but emotion state features are also important to classify the emotion. Application:
The results of this study can be applied to human-computer interaction system in the work places or the automobiles.
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2.5 Analysis

2.5.1 Data selection
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Figure 1. Thermal image and facial feature areas
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(M = —=3.68, SD = 0.61), thao= F¥7} F440|Ax

M= -3.26,SD =0.93), AF&M = —-1.32,SD = 1.27),

3.2 Facial thermal responses
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7 vlseet AR vl 24 2H3EE AoE FUE I FHEAE HelE 8% 7o AR (LER 9 p<.001,
AZ 9 p<.00D), 9%F 7o IFE(LEF ] p<.001,
Table 1. Valence and arousal of stimuli % 9] p<.0b), Y(LEZE ¢, 9% 9, 2% o), 9% }
Emotion Valence Arousal EH R p<.00D), mgke] o (2255 ofell p<.001,
Anger 368060 330075) A2 olg p<.001), F(p<.05) DA FJ3t & W3}
Boredom -1.32(1.27) -1.90 (1.83) 7k vERte 71 el _HBM v AAZE RS o,
Fear -3.26 (0.93) 3.35(0.76) 7l ng_? %:i b aasido, o etba o o
Neutral 0.49 (1.07) -1.84(1.17) ATl FAANYS Wl 225 o] A (LE5
P 34811 31032 ol p<.01, 9% o} p<.05), 9% T UFF(IZ o}
Post Hoc [<3<2<2 2.4<1.3 iH p<.0D), ;i:lo?g%% ;}:H p<.05), lﬂg%%
Note. Mean (standard deviation) 71 P05, 7 p<05, 225 obdl p<Ol, & ot
<001 p<.01), oJuk(p<.05), Z(p<.01) FHNA Folet &&= A
Table 2. Facial temperature changes induced by emotional stimuli
(©)
Feature A(?lgf ;2(;) Eﬁirg(lz)) Bo(r;iogrg)@) N?Il:t:rglg(;l) F Post Hoc
Upperright | -0.11(0.23)™ | -0.15(0.28)™ | -0.02(0.17) -0.00(0.16) 10.440" 1,3>2,4
Right eye Upper left -0.08(0.23)™ -0.05(0.25)*** -0.00(0.17)** 0.02(0.15)* 4.853: 1>2,4
Lowerright | -0.01(0.22) -0.15(0.36) -0.06(0.19) 0.04(0.16) 8.976 3>1,4;2>4
Lower left -0.01(0.20) -0.08(0.27)" -0.04(0.19)" 0.03(0.15)" 4.809" 3>1,4;2>4
Upperright | -0.12(0.23)™ | -0.13(0.28)™ | -0.02(0.18) -0.04(0.20) 5397 1,3>2
Leftoye Upper left -0.05(0.22)" -0.10(0.25): -0.02(0.16) -0.00(0.16) 3.454; 3>4
Lowerright | -0.01(0.19) -0.09(0.25) -0.03(0.19) -0.00(0.15) 4.177 3>1,4
Lower left 0.02(0.20) -0.16(0.26)™ | -0.06(0.20)" -0.00(0.15) 12.591" | 3>1,2,4;2>1
Upperright | -0.14(0.28)™ | -0.26(0.33)"™ 0.01(0.21) 0.03(0.13)° | 25.044™ |3>1,2,4;1>2,4
Mouth Upper left -0.10(0.27):: -0.22(0.31):: -0.03(0.21) 0.03(0.14) 20.717:: 3>1,2,4;1>2,4
Lowerright | -0.22(0.43) -0.21(0.35) -0.00(0.21) 0.02(0.16) 15.759 1,3>2,4
Lower left -0.2000.42)" | -031(0.50)"" | -0.07(0.31)" -0.02(0.32) 9263 3>2,4; 1>4
Upper right 0.01(0.18) -0.05(0.24) -0.040.16)" 0.02(0.13) 2,518
Glabella Upper left 0.01(0.20)*** -0.06(0.25); -0.04(0.16); 0.01(0.13) 2.473***
Lowerright | -0.12(0.20) -0.17(0.23) -0.05(0.16) 0.01(0.13) 14.020 1,3>2,4
Lower left -0.13(0.20)™ | -0.17(0.23)™ | -0.04(0.16)" -0.01(0.15) 13.096™ 1,3>2,4
Forehead -0.00(0.16) -0.13(0.36)" -0.04(0.17)" 0.01(0.12) 7329 3>1,2,4
Nose -0.09(0.36)" -0.37(0.45)" | -0.11(0.34)" 0.03(0.18) 19203 | 3>1,2,4;2>4
Left cheek -0.02(0.20) -0.03(0.30) -0.02(0.16) 0.03(0.16) 1.303
Right cheek 0.02(0.21) -0.06(0.32) -0.00(0.19) -0.02(0.16) 1.937

Note. Mean (standard deviation)
*p<.05, "p<.01, ™ p<.001
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Table 3. The result of LDA using facial expression and

emotional state features

(o)
Predicted emotion
Anger | Boredom | Fear | Neutral | Total
Anger 58.70 8.70 13.04 19.57 | 100.00
Boredom | 10.00 65.56 6.67 17.78 | 100.00
Fear 18.52 17.28 51.85 12.35 | 100.00
Neutral 4.55 20.45 1.14 73.86 | 100.00

Table 4. The result of LDA using facial expression features

(%)
Predicted emotion
Anger | Boredom | Fear | Neutral | Total
Anger 52.17 7.61 19.57 | 20.65 100.00
Boredom 7.78 57.78 7.78 26.67 100.00
Fear 17.28 16.05 51.85 14.81 100.00
Neutral 5.68 20.45 9.09 64.77 100.00

Table 5. The result of LDA using emotional state features

(o)
Predicted emotion
Anger | Boredom | Fear Neutral Total
Anger 3043 10.87 26.09 32.61 100.00
Boredom | 23.33 2222 27.78 26.67 100.00
Fear 20.99 7.41 49.38 2222 100.00
Neutral | 25.00 12.50 227 60.23 100.00

A 7 25

dehEo] FAA R fFola A s

3t7] 98te] MeNemar HES A8 th(Figure 2). 7

Fa%, 97 w49 WSE wYshs P YA
WEkE WS PR BT AMSSAS W AF ¥4
o WahE WSk T ASYE Wt BRYs g
FESA EROT (p<.0D), FHFENL e e
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R AR W B SR ehEe] Fofel ¥ =ttt
(p<.001). T3k A= FA o Wl kel BE
P& wrk Adefe] ks nkgs

By 27 eEo] FoeAl B E3THp<.001).

80 - p<.001
p<.01

p<.001
60

401

201

Correct classification percentages

Facial expression Emotional state

+ Emotional state

Facial expression

Figure 2. Correct classification percentages for each model

4. Conclusion
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Zlo] Rk ¥ @4011:}. TE GAA7E FEE NS well= S
w7 9] wIzE, ofuh & el 2% 7Rt YeRgth
& AALL Y% 3o, vk Aagiths Sjujoltt
A Fgko] FHEE well= T2 vtelA] % Wt
glatgion, Feae] & Wyt vebth SHAE A
£ 2% Ws7E AL yERA] kot

o

A = 25 ] S AHE dgATES ol

54 AdAel da 257t o] ok ARARRS AH
3t 212 (Yositomi, 2010; Liu & Wang, 2011), & <1
Tolx gl ol At da 2% 7t T o] ofDA e
Al gt At tolry] o gt

"
r-\m

ol 4R Al weh Qs £ el Aolt gl
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sk A& o] 7P A FAUTHE A& u]sith
Ekman¥} Friesen(1978) 2] FACS (facial action coding
system) o] W2, F- A FHol:= AU(action unit)
4G 24D, 5EEAE 249, T(EAE 249D,
23(Y%= HADWo] ARgEH], I FA FHE 1(91%
4 A, 20812 w4 2249, 4638 249, 5
Ge71E A9, 20(d+= =A%), 26 (oFY FA %) Ho)
ARE-FEIT Qﬂrﬁoi i AAEG FE YA xmde o
% | ‘/}E}‘/HL o|Zo] FaEoA YERY &

= W ki ELH] L]r‘:/]r‘;fbﬂr
%1_‘?&’6 JolA] 59 257} Fadiths 2 AF
St Al As THEA Y (Kuraoka & Nakamura,
2011). e froks tide® sk ATtellMe &g ol
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I ZANke] 39 L E ZAAT)E AL ohd ZoR WOl
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A
ZAztolt}, Pavlidis 5 (2002) ¥ Tsiamyrtzis & (2007) ol
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e, TE Py, =Y THE Xfee oM 7 A
2 57.2%° HEEZ, Yoshitomy (2010)& 7]%, &3,
, B9, FHe Xk A 7 BAE 80.5%4
EZ wFsh Zlo] vlwste] B, B AT g EadkEol
ATE Ko} thh @Fe Zlow By 5 gl e,
Khan %(2006) #} Yoshitomy (2010) 2] &= 4529
Ao aE WA 02 ARSI 7] it R EEC]
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