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Recognition of fearful emotion based on facial infrared thermal images

Liu Xiaoyan' Guo Qun' Gong Junhui'”>  Sun Biao' Liu Min'

(1. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China;
2. College of Electrical and Information Engineering, Hunan Institute of Engineering, Xiangtan 411101, China)

Abstract : Fearful emotion is a response to the external stimuli of human. The generation of fearful emotion could lead to the change in
the facial skin temperature. According to the principle of infrared thermal images reflecting the temperature distribution on the surface of
objects, a method based on infrared thermal images is proposed to recognize the fearful emotion. Firstly, a heat transfer model is
simplified by curving fitting of exponential function, and the facial infrared thermal image is converted into the blood perfusion pseudo-
color image to find the regions of interest ( forehead region). Then, features of the blood perfusion change curves are extracted (slope,
confidence coefficient, mean value, and standard deviation) , and the correlation between the features and the self-assessment score of
the fearful emotion is analyzed using Spearman correlation coefficient. Finally, the standard deviation which is highly related to the self-
assessment score is applied to recognize the fearful emotion of the subject. The experimental results show that there is an obvious
decrease in the blood perfusion of forehead region in the presence of fearful emotion, which is consistent with observations of previous
studies, and the standard deviation (with a threshold of 0. 14) of the blood perfusion values is a main feature for recognition of the
fearful emotion. The proposed method is demonstrated to be satisfactory and reliable with an accuracy of 85.7% for all the 28 tested
subjects.
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Fig.1 Block diagram of the research method for

recognition of fearful emotion

2.2.1 RUEAEZE S TRAEER

Xof B2 AR G R AR 28 (1175 K 2 SC 56 ) G R R T 2
— RSB RARLE 4 A R IRL N R, TR L R
FEE TG 28R SE g6, AT 22 R FH H 2 e BV S i b
Bho B AEN T I UEIH B 52 (BB B0 X 32 380 52 1 2%
P2 SR AW s P, AR SCR g i T e iy —
AR R BOV 22 A0 G E AT 255 S U K Ry
100 s,
2.2.2  [RLTAMAE RS

AR HUNE 2 B 7 B REAAF- 15 X6 52 386 G2 19 T S
CLHMMEIIEA TR A . SRR 1 5E, 12 i A 4 ik
I A IR R TS A A 2 R R SR AN B (O T
X RAE ARIRE T 25 5080, 5L i 8 b R X A7
TR G AT KB 2 ) 5 SRS, I FH R il v 486 i i) 2L AR
15 26175 AN 52 0 R R 17 MRS 26 105 5, RIS
FH RT513 £EAMNAGASH 32 3800 G2 (0 TR 0 A 7 352 A %
H4 PR A B TR L1 A MR AT 31 5 BRSO E B2 1 1
B, I BoRFEBRRE b B 3 iR Az i 4
B T £ AN A E R B

WE TE RS 255 RIS |, LT AN RN, 3Z 3k
XS AR O B WA R = A R R
FEQRMERR R AR T 43, Hd 0 3R LA
R 1 7R BE A D 2 4y SRR R AR B — 3 o)
FRBE L 4 53 FoR AR B



%3 I T T LT AR Y BRI 25 - 355 -
— maxg
A, U0 TR i i P54 ;?:1? ﬁ?i
i =] ¥ ‘,\“f s e
Hith 5 S W ol I eing LA ey Wi
iR & 14 i

K2 L AMA KRR 5

Fig.2 Hardware platform collecting facial

infrared thermal image
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Fig.3 An example of facial infrared image of a subject
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Table 1 Parameter list of the heat transfer model
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Fig.5 Relationship between skin temperature and

blood perfusion value
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Fig. 6  An example of pseudo-color image of blood

perfusion of a subject
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Fig.7 Pseudo-color images of blood perfusion of some

subject in different time
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3 XBWERESW

3.1 SRR SRATH K E i it U 2k

R _E AT, X407 32 10k G Y IR 21 S b B R i
A Rk B 6 HBCH 0 X 35 L 948 8 Y (L R e ) AR P £, 222
ARRUNPE O Jr7m , K 524X G Bk — W 2L A1 A5 P I o i 1)
AR DX L B 5 1 5, AL MATLAB 2 f25K Hi i
{0588 (R R 5 MR 2 (5 ) A B, SR HE Xk 7 19 L 48 7
T X321 G 20 AN AR P 51 247 R b B, B R]
ARAFIZAZ NS G 14 LRI V(B P 1) ) 22 f i £



%3 BT IR AR g 2L 28 1R ) - 357 -
S IR R S B4 2R 15 ( 1N 32300 52 3k Bl AR L SRAZ bk

il i K g | | SRFATHRAE ) 5 R Y R R e, e R T 28 445234
s s | ok | MATLAB| g | Aty | MB) oy g . S .
:“]“lil; Wit | R | g | P | o Vf‘(il‘/flﬁ —>||‘J'I‘”J’fé XIS e . 6 A REMAZ I REEME 100 s 2L
o et (! m Al PEAFS T A I 5 T A DX S 9 T e e 1) A A Y
e anl&l 10 frs . ATLAE Y, BV B AP (2 ~

P19 ROTCHIER X I8 ) 4 Mg 1 h 2 SR IBOT 12
Fig.9 Method obtaining the blood perfusion curves of
the ROI (forehead region)

4 1) B AR G JH i 9 THE T (L i 1) A2 i o R
Z R RS BB AT -8R (0 ~ 1 7)) BYRTHI
DX 100 98 T4 L R AR

or @=-0002 91+ 6.8653 or or ®=—0.0067¢+5.783 2

gl R2=04122 sl ©=-0.000 1¢+4.434 2 8t R*=0.7025
o w o R=0.0289 =
o 6F w6 o6
5 184(C=0%) 5 5 M
é sl §9 4 Tttt e—— \\% 4l SHO25P)
3 3 10#(C=147y) 3

2 2 2 F

1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
t/s t/s t/s
10 10 - 10
w=-001137+6.1935
gt w=-0.002 21 +4.546 7 sl w=-00182¢+55425 gl R*=0884 1
R*=02854 Ri= 0064 8
EAN 7 6& L6
g | TRt 5 4f e E ¢ 15HC=35)
3 Ll THC=24Y) 3 5L s ,|
1 1 1 L 1 E 1 1 1 1 1 1 1 1 ]
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
t/s t/s t/s
10 3%t 4 ROTCHIA X SR ) Mg v A8 1 it 2k

Fig. 10 Blood perfusion curves of the ROI region
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Table 2 Features of the blood perfusion and results of the fearful emotion recognition for all subjects
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K( x1077) R* (%) Stdev eSS T4 C Eaig
1# 22/m -1.91 98.01 5.01 0.557 + 2 73
2# 21/m -0.22 21.28 5.76 0.139 - 1 78
3# 21/m 0.28 46.47 4.38 0.118 - 1 61
44 25/ -0.67 70.25 5.45 0.228 + 2 67
S# 23/f -0.02 1.25 5.03 0.088 - 1 72
o# 25/f -0.39 83.06 4.07 0.124 - 2 68
T# 23/f -0.22 28.54 4.44 0.117 - 2 62
8# 22/m 0.1 2.85 6.37 0.168 + 2 52
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16# 22/m 0.15 13.53 6.68 0.12 - 1 65
17# 22/f -0.64 80. 65 5.52 0.207 + 3 57
18# 24/m -0.29 41.22 6.72 0.129 - 0 62
19# 23/f 0.19 33.23 5.47 0.095 - 1 67
20# 24/m -1.82 96.48 4.63 0.535 + 3 74
21# 24/m -0.17 24.60 5.17 0.097 - 2 64
22# 25/ -0.05 2.29 5.41 0.094 - 1 69
23# 27/m -1.06 95.46 4.18 0.313 + 2 74
24# 23/m 0.24 23.78 5.56 0. 140 - 1 56
25# 24/m -1.6 93.88 3.49 0.477 + 2 51
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and the self-assessment score of the fearful emotion
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