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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. Method

2.1 Participants
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2.2 Stimuli
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2.4 Experimental environment and equipment
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2.5 Analysis
2.5.1 Data selection
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2.5.2 Feature extraction

de A4S o183 M AH2 AA7E RS o
o] I £ WgE ol gt &k WEkE 45k 9
ato], Z M zdolA Z1AA kel S A9 &
o GA el S A F e FESIIE V1A
A RS FA0] /L ds HEa e d9es & A
FEoIon, A IS AFFAPL 1 & AAE
st AEd 3ol § ge] dFds FESITE

=5 AslEEE ARl fleiMe 7 g d9dE T
AlACk Bt A @Y Aols Gl wlws FRske]
HIFE ZRIHS o]dste] A= 7 SAES Fohda
Y s A A, A 498 Aol
T Yol e 3] wiitel obbA avtow
d= 54HE e =R e Xskal gtk o]
well, S o] A el i AA7F g E o] kL
7S 5 Q= Al (R o 8= A Esle

AE BAIG v, Al Aol Z1xsto] F o] s

A G 7R AR e 2EAolE

Liu & Wang, 2011).

S0 ghol, A% 259 £l 2

shol Aol Wstel] ogh e 2k WdkE

o) Ansleiet,

A& GellA A Qe AH8EE g SHES +
=
o

ofN HU
oo

>

N

X
ol

3@
£

],

Q
-4
1o

-

i ne

i

o M
btor
&

¥

28] g29Jo] FabA b 31 9, 24 5ol

(Zeng, Pantic, Roisman, & Huang, 2009), 9d& |94
A% 3 3, el SEE FEsin. HaaTEe
 dE9 B4 ga©, DoAY % HIlE EAgtow
HEEE u) o] Gos o 22 PO R o] ZF Y efA
9] 2% Wakghe S HLiu & Wang, 2011; Khan
et al., 2006; Yoshitomi, 2010). AFATEM = B4 o
o thpe) e Qo7 Hal wi AZAANA 757)

2
2
°f

O ur] wiel, zte] omAlE AkEety] fid
g e AeetA i A7I= Zlol Tasith 1,
Al g el HA4S) "ol FetA v Al
- A gt} whebd, B el 7 Bl 9o
o znt Al Bt Figure 13 o] &3}
H2 7150 ® 458 (9% 9], 255 9, ¢
ofel) ato] v = WS AXteth
Ao st ofst da 2% WakE Akt flst
o, Figure 13} Zo] 19} ojv}, Wejx o] Hy 25 WSt
= Axsith daH o F 20300 2k Hisigo] d=
SRR (LER ©x4, 9% w4, x4, w34, 3, o]
vl @25 W, 45 W 999 2 Wshe AsISith
Difference

Baseline Emotion

image image image

Figure 1. Thermal image and facial feature areas

2.5.3 Statistical analysis
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3. Results
3.1 Psychological responses
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(M = -3.68, SD = 0.61), th:2& 27} ¥4 70|gl1

(M= —3.26,SD =0.93), AFgM = —1.32,SD = 1.27),

ZHM =0.49, SD = 1.07) «=°|3lth 24 2Fdold= A
F(M=-1.90,SD = 1.83) % FHo](M = —1.84,SD =
1.17)°] HlS=3 A2 o)gE s ZoE FriEglon, &
(M = 3.30, SD = 0.75) 9} ¥3¥(M = 3.35, SD = 0.76)
7F et AR Al = ZPIEE AoRE HrhE I

Table 1. Valence and arousal of stimuli

Emotion Valence Arousal

Anger -3.68 (0.61) 3.30(0.75)
Boredom -1.32(1.27) -1.90 (1.83)
Fear -3.26 (0.93) 3.35(0.76)
Neutral 0.49 (1.07) -1.84 (1.17)
F 3248117 531.032"
Post Hoc 1<3<2<4 2,4<1,3

3.2 Facial thermal responses

—Er‘f_, &2, AFE, FHERA A4 diste], 71A4de] d
o} AA7F RS o] I 2ol Aol /-2
?Iflx] %"‘{]5}7] $3ted, s t— @%(palredt test) & 53
3FtE Table 20 ASAI7}F AAE o] it % FA7}F
3=]

rLHJ
l-rl

FEYS Ho= e EZE ko O“ﬂﬁ(i—ﬁ—'éé <9 p<. 001
9= 9] p<.001), 9% Fo| A z 9] p<.001,
% 9] p<.05), HeEZ 9, 9% -?1 28% o}y, ¢ }

m L pe.00D), HIHe] SR (9.5 of) p<.001,
& o}l p<.001), F(p<.05) YA 23t 2% W3}
7h et 71446 watel B AA7L fuEe W),

9 gofe) L} Hasr.

o
A F3e] FES el o ] AR (92E
ol#) p<.01, 9% o}# p<.05), 9% 1| AR (A% of

g p<.0D), 1o AR (9% O}ﬂl p<.05), VIFHLEZR
2l p<.05, % §] p<.05, LEZF ofgl p<.0l, ¢

Note. Mean (standard deviation)

Z
p<.01), °JuH(p<.05), i(p<.01) Gollq st &% W

**p<.001
Table 2. Facial temperature changes induced by emotional stimuli
(©)
Feature A(ggj;g) fga;g(f; Bo(fgiogg)@) N(e;gglgg“) F Post Hoc
Upperright | -0.11(023)™ | -0.15(0.28)"" | -0.02(0.17) -0.00(0.16) 10.440™ 1,3>2,4
Right oye 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
Lefioye 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) 12.5917 | 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(0.3 1) -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 -0.20(0.42)™ | -0.31(0.50)™ | -0.07(0.31) -0.02(0.32) 9.263™ 3>2,4;1>4
Upper right 0.01(0.18) -0.05(0.24) -0.040.16)" 0.02(0.13) 2518
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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3.3 Emotion recognition
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Table 3. The result of LDA using facial expression and

emotional state features

(%0)
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
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Figure 2. Correct classification percentages for each model
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