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Abstract In order to investigate the human emotional state recognition, the functional near—infrared spectroscopy
(fNIRs) technique is applied to measure hemodynamic signals of 15 participants who are requested to see six types
of pictures, and the participants have to complete 7-point rating scale of valence and arousal after every picture
stimulus. The support vector machine (SVM) and support vector machine based recursive feature elimination (SVM-
RFE) algorithm are applied to design classifiers. Under different emotional image stimulus, the hemodynamic signals
of some participants show significant neural response. With the target classification based on valence, arousal and
emotion category, the accuracy is 81%, 78.78% and 68%, respectively. The 5" and 6" channels for fNIRs measurement
are significantly sensitive to arousal and valence state, and the two channels are located at orbitonfrontal cortex
and dorsolateral prefrontal cortex regions. Besides, it is found that the entropy of fNIRs can reflect the variation
in emotional state effectively. The results suggest that fNIRs can be used for recognition of human emotional state.
Key words medical optics; emotional state recognition; functional near—infrared spectroscopy; support vector
machine; pattern recognition
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Fig.3 {NIRs channel location in prefrontal region
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Table 1 Physiological features of each channel

Rank Feature Rank Feature
1 Mean 21 Second region Shannon entropy
2 T1 22 Second region log entropy
3 T2 23 Second region Sure entropy
4 T3 24 Second region norm entropy
5 T4 25 Second region threshold entropy
6 T5 26 Third region Shannon entropy
7 Apen 27 Third region log entropy
8 Slope 28 Third region Sure entropy
9 Quadratic coefficient 29 Third region norm entropy
10 Monomial coefficient 30 Third region threshold entropy
11 Shannon entropy of fNIRs 31 Fourth region Shannon entropy
12 Log entropy of fNIRs 32 Fourth region log entropy
13 Sure entropy of {NIRs 33 Fourth region Sure entropy
14 Norm entropy of fNIRs 34 Fourth region norm entropy
15 Threshold entropy of fNIRs 35 Fourth region threshold entropy
16 First region Shannon entropy 36 Fifth region Shannon entropy
17 First region log entropy 37 Fifth region log entropy
18 First region Sure entropy 38 Fifth region Sure entropy
19 First region norm entropy 39 Fifth region norm entropy
20 First region threshold entropy 40 Fifth region threshold entropy
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Table 2 Accuracy of emotion category classification

Mean
Participant 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

accuracy

Accuracy /% 59.30 54.23 79.66 62.71 55.93 69.49 71.18 88.13 81.35 52.54 59.32 75.86 57.62 81.35 74.57 68.21

F 2 BW HA I 2T 400 DA AR IE S A G 2R A AR B A5 R . R 2 W] A I 2 R 4 26
P YR % R 68.21% , Hov 08 5 32138 1Y 17 45 43 IS IE W R fie 5 , 4 88.19%,03.09 .14 5 Z il WS 8 1
FEOGTH5 18 1 43 S IR 23, LA 10060 3230 1 20 2 IE B R AR T 75% o

P 6 3 T HL, T M0 BE Y E bR 2 28 v 8 4 i A AR AE R 432 BRARAE 20 4 .40 4 .80 M) R SVM A
A B 2R E N AR Y AR . 3233 02.03.08.09. 10,11 12 5230 1 45 5 i 43 28 1E A 5, SR i G
b 52 33 43 25 IE IR RN 5, A0 04,0545 52 3 19 43 S IE B R AR . 40 28 E A R A 4 4 7 Do 1R o) il 2 2 1
Z 0] A FRRAE (A A 22 S o B A R ZE BRARRAE Y 1 22, B8 40 A2 3R 1 4 28 DE i R I A T R H R
TR, 05,075 %K%, nT et TREVLE BUY I eREASFAE 225, SEHAR A IE R B LR ks, (=
S E R R AR A IH— 2

43 HiBLHE 52 EH %

Table 3 Accuracy of valence classification

Accuracy of valence classification /%

Participant

All features 20 features 40 features 80 features
01 74.57 74.58 71.186 76.27
02 89.83 91.53 86.44 86.44
03 83.05 89.83 91.52 89.83
04 62.01 69.49 54.23 54.23
05 62.71 64.80 62.88 62.06
06 71.18 71.19 66.101 72.88
07 77.96 72.88 61.01 72.71
08 94.915 94.92 93.22 93.22
09 94.915 96.61 98.30 98.30
10 86.20 82.76 87.93 81.03
11 86.35 76.27 77.96 77.96
12 89.44 84.75 89.83 89.83
13 74.57 67.80 74.57 76.27
14 72.41 56.90 70.68 65.51
15 74.57 69.49 71.186 71.18
Mean accuracy 81.11 77.78 77.802 75.98
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Table 4 Accuracy of arousal classification

Accuracy of arousal classification /%

Participant
arieipan All features 20 features 40 features 80 features
01 67.79 50.85 67.79 71.186
02 72.32 69.49 72.32 76.27
03 69.49 76.27 69.49 76.27
04 69.49 61.02 69.49 67.79
05 77.96 76.27 77.96 71.18
06 86.44 62.71 86.44 74.57
07 81.35 72.88 81.35 77.96
08 86.44 88.14 86.44 74.57
09 91.52 84.75 91.52 86.44
10 81.03 84.48 81.03 77.58
11 81.35 79.66 81.35 77.96
12 83.05 88.14 83.05 88.13
13 79.66 76.27 79.66 86.44
14 82.75 84.48 82.75 75.86
15 71.18 79.66 71.18 67.79
Mean accuracy 78.78 75.67 78.78 76.66
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Fig.5 Comparlson of sensitive channels. (a) Distribution of sensitive channels with high accuracy in arousal classification;
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with high accuracy in valence classification; (d) distribution of sensitive channels with low accuracy in valence classification
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