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ABSTRACT

Objective: This study classified three different emotional states(boredom, pain, and surprise) using physiological signals.
Background: Emotion recognition studies have tried to recognize human emotion by using physiological signals. It is
important for emotion recognition to apply on human-computer interaction system for emotion detection. Method: 122
college students participated in this experiment. Three different emotional stimuli were presented to participants and
physiological signals, i.e., EDA(Electrodermal Activity), SKT(Skin Temperature), PPG(Photoplethysmogram), and ECG
(Electrocardiogram) were measured for 1 minute as baseline and for 1~1.5 minutes during emotional state. The obtained
signals were analyzed for 30 seconds from the baseline and the emotional state and 27 features were extracted from these
signals. Statistical analysis for emotion classification were done by DFA(discriminant function analysis) (SPSS 15.0) by
using the difference values subtracting baseline values from the emotional state. Results: The result showed that physiological
responses during emotional states were significantly differed as compared to during baseline. Also, an accuracy rate of emotion
classification was 84.7%. Conclusion: Our study have identified that emotions were classified by various physiological
signals. However, future study is needed to obtain additional signals from other modalities such as facial expression, face
temperature, or voice to improve classification rate and to examine the stability and reliability of this result compare with
accuracy of emotion classification using other algorithms. Application: This could help emotion recognition studies lead to
better chance to recognize various human emotions by using physiological signals as well as is able to be applied on
human-computer interaction system for emotion recognition. Also, it can be useful in developing an emotion theory, or
profiling emotion-specific physiological responses as well as establishing the basis for emotion recognition system in

human-computer interaction.
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Figure 1. The example of emotional stimuli
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Table 1. The features extracted from physiological signals
Physiological

. Feature
signal

EDA SCL, NSCR, mean SCR

mean SKT, maximum SKT, sum of negative SKT,
sum of positive SKT

PPG mean PPG

SKT

Time mean RRI, std RR, mean HR, RMSSD,
domain | NN50, pNN50, SD1, SD2, CSI, CVI
ECG
F 1AUeCY | |, HE, nLE, nHF, LE/HF ratio
omain

ﬂ

BATEE (EDA) oﬂfﬂb 100Hz® & HE% §, 3
o AFHAEEQ] IRAESFF(SCL), SCRE] 4(NSCR) 2+
SCRJ - (mean SCR)—E— EM g 2319 gRen
(SKD)ollME 30% F<te] Hit ¥H-&% mean SKT, J]
Re o] Hogk maximum SKT, 7+A8H= F7ke] w4
% sum of negative SKT$} 7= d|H-2%2] 3 sum
of positive SKTE FE3Iltt. @FHIH(PPG) oA FEH
mean PPG= vt 79 9E ALt gholth
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0.15~0.4Hz9 3= 9ol %X, nLF, nHF= 7z different emotions
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30% =<k Alsghs wl zjo|zgro g FEEMo A5 SCR, sum of negative SKT, mean RRI, std RR, mean HR,
t}. Fisherol 98] mgkel shEEA (Dlscnmmant Function SD27} CVIellA qFd el gA] e 21 28 2fo) 7}
Analysis; DFA)2 Ag%

3= (Linear Discriminant AT
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Table 2. The results of difference between baseline and emotional states using paired t-test

Emotions Boredom Pain Surprise
Physiological

parameters t-score p-value t-score p-value t-score p-value

SCL 2.59" 012 553" .000 14.36™ .000

NSCR 3.55™ 001 11.64™ .000 10.75™ .000

Mean SCR 268" .009 8.45™ .000 745" .000

Mean SKT 0.20 839 -1.05 296 2.04" 045

Maximum SKT 0.02 987 -1.52 131 1.46 148

Sum of negative SKT 249" 015 993" .000 462 .000

Sum of positive SKT -1.75 085 586" .000 -4.84™ .000

Mean PPG 0.93 355 266" .009 4,64 .000

Mean RRI 317 002 -0.44 659 429" .000

std RR 2.00" 049 297" 004 543" .000

Mean HR 3.00™ 004 0.93 355 332" 001

RMSSD 131 194 321" 002 345" 001

NN50 -0.16 875 419" .000 595" .000

pNN50 -0.42 675 410" .000 472" .000

SD1 1.11 270 3.09” .003 3.68" .000
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Table 2. The results of difference between baseline and emotional states using paired t-test (Continued)

Emotions Boredom Pain Surprise
Physiological
parameters t-score p-value t-score p-value t-score p-value
SD2 207" 041 2717 .008 573" .000
CSI 0.65 519 -1.30 .196 556" .000
CVI 1.68 097 4.10™" .000 9.66™" .000
LF 1.48 142 278" .007 1.49 140
HF -0.28 780 1.80 075 1.63 107
nLF 0.03 973 0.82 Al4 0.85 397
nHF -0.03 973 -0.82 414 -0.85 397
LF/HF ratio 0.66 512 -0.08 934 -0.55 581
* p<.05,** p< 01, *** p< 001
negative SKT, sum of positive SKT, mean PPG, std RR, Table 3. The result of one-way ANOVA among three emotions
o o1a
RMSSD, NN50, pNN50, SD1, SD2, CVIg} LFellA #5-2)3t SS df MS F Sig.
o , =2 A A=
AelE 8L, =% A elME SCL NSCR, mean SCR, Between 34.03 2| 1702 2041 000
mean SKT, sum of negative SKT, sum of positive SKT, —
SCL | Within 3090 | 534 .06
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1thin . .
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Total 65.90 | 536
SCL, mean SCR, mean SKT, mean HR, mean PPGol|A et 272090 > T T3c0as | 3137 000
ctween . . . .
A Zhell ot xfol7t s A2 YRS tH(Table 3). mean —
. Within | 23158.88 | 534 | 4337
ol& A 7+ ZJolE FAIF o7 FQIE7] 5kl LSD Ak HR
N Total | 25879.78 | 536
% AZ9 A8} SCL, mean SCR¥} mean PPGE= Al 2
e o ora B ) Between 47 2 24| 48.60 | .000
A BF #93 2olE B (Figure 2, 3, 6), mean mean 258 | 5 ol
tl . .
SKTE 5ol 500 vlsjol felspl Wage] 20 b PPG R
- ta i
ERT (Figure 4), HRE o] Fag) S50l Hlao] & >
o)A 2 WH3l=E RYch(Figure 5). ¥3F mean PPGE= %
I EEAA Fagk)] vjste] fosiA & AeE YEksk {u5)
E]’(Figure 6) 1 *dke
08 EE 3
3.2 Result of discrimination function analysis 0615
0.6
237 BAA 5] Al XS drit A =7 5 04
IEA &Rl S5t 7(“1 el Qb el kO] Afolgk 0 0053 0.105
& olga WARLAS WALk WA 12299 vole % a ©F
_ = 0
oA g Aol st Hrt Aijeo] FASI dE FAE boredom pain surprise
717 FSkthal Hast *F/‘C 9] dlolH & ALAIZ]aL d]

ole] o] ANF/dE flato] At el A8kl 20%= Figure 2. The difference of SCL among three emotions
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Figure 3. The difference of mean SCR among three emotions
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Figure 4. The difference of mean SKT among three emotions
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Figure 5. The difference of mean HR among three emotions
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Figure 6. The difference of mean PPG among three emotions

Table 4. The results of discrimination frequency and

accuracy using DFA
Predicted emotion
N (%)
Boredom Pain Surprise

Boredom | 69(89.5%) | 6(7.9%) 2(2.6%) | 76(100%)
Pain 20(23.5%) | 65(76.5%) | 0(0.0%) | 85(100%)
Surprise 6(7.4%) 3(3.7%) | 72(88.9%) | 91(100%)

4. Conclusion
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oJsHAl Wigkssitt. Fu3 FA setels 954718, 9
F25 9l H8# 1kg-(mean RRI, std RR¥ mean HR) ¢4
_Hg Zdelel vlEl festk &gt gt ol FEEE
el Al=o] A8HA ool o= JE IS vA B
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T A3tel At (Harrison et al.,, 2000; Sohn et al.,
2001).
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