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Abstract

The emotion plays a critical role in human’s daily life including learning, action, decision and communication. In this
paper, emotion discrimination classifier is designed to reduce system complexity through reduced selection of dominant
features from biosignals. The photoplethysmography(PPG), skin temperature, skin conductance, fontal and parietal
electroencephalography(EEG) signals were measured during 4 types of movie watching associated with the induction of
neutral, sad, fear joy emotions. The genetic algorithm with support vector machine(SVM) based fitness function was
designed to determine dominant features among 24 parameters extracted from measured biosignals. It shows maximum
classification accuracy of 96.4%, which is 17% higher than that of SVM alone. The minimum error features selected are
the mean and NN50 of heart rate variability from PPG signal, the mean of PPG induced pulse transit time, the mean of
skin resistance, and § and B frequency band powers of parietal EEG. The combination of parietal EEG, PPG, and skin
resistance is recommendable in high accuracy instrumentation, while the combinational use of PPG and skin
conductance(79% accuracy) is affordable in simplified instrumentation.
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Fig. 1. Video and physiological signal of each emotion
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F.V.: Feature vector

m: Mean; s: Standard deviation; z: Zero-crossing

d: SDNN; r: RMSSD; n: NN50; f: HF/LF

6. 6 frequency band power; ©: © frequency band power
a: a frequency band power; B: B frequency band power
y. Y frequency band power

P: PPG

H: Heart rate variability derived from P

T: Pulse transit time derived from P

R: Respiration derived from P

St SKT; Gi GSR; F: Frontal EEG; C: Parietal EEG

—

1) MEEH 1El-|*| (SVM; Support vector maohme)
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Neutral | Sad
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ﬂFitness Function
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ﬂSelect features
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Fig. 2. Flowchart of overall processing.

Linear Function: uv (1)
Polynomial Function:  (yuv+¢)? (2)
Radial Basis Function: exp"*”) 3)
Sigmoid Function: tanh (yuv+¢) (4)
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Table 1. Mean and standard deviation of each emotion. Table 2. Accuracy of each kemel function.
Neutral Sad Fear Joy Kernel Function A
ma | 065+0.10 | 0454009 | 0.31£0.09 | 0.63+0.15 Linear Function 72.97%
di | 0054008 | 0054010 | 003002 | 0.08+0.17 Polynomial Function 7342%
| 0034006 | 003+0.10 | 0.01£001 | 0.06+017 Radial Basis Function | 77.08%
np | 0374011 | 0514011 | 063+0.12 | 0.39+0.13 Sigmoid Function 7252%
fr | 0042007 | 0042004 | 0.05+0.11 | 0.05+0.11 .
Ad g H 2 004 1744 014
mr | 0514007 | 0124011 | 0244007 | 034%0.10 Radial basis 71'd#5e] WS 7& 094 1744 014
st | 0042008 | 0064015 | 0024001 | 0.06£0.10 ASAA FAE ®, y=101A 7613%°] Hdl Fs=
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+ + + + _
st | 0104005 | 0094004 | 0094003 | 0474026 A, e2 194 1A MEAA 2S00
ms | 0264008 | 0324004 | 0.36+0.14 | 0.3140.10 O
ss | 0234017 | 012006 | 030+016 | 0264016 64.86%0°] oS 7HEE SRlstn
76 | 0424020 | 0394018 | 0.49+0.23 | 051+0.18 325 (D~ 77 Adsre] AR Al Hold s
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B Aol AE 4 me Aoe 2 Holt
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ve | 0514017 | 046+0.14 | 051+0.15 | 0.36+0.17
§c | 0334006 | 0294006 | 0234017 | 0814011 3. GAS 0|23+ ExJME
Oc | 0624003 | 0624005 | 069011 | 0.20+0.12 o
A-SVM £577)% 272 gl 338 wE 5
a | 0594003 | 0614003 | 064+013 | 0.18+0.10 ]GO Szl;/[o N ]}1 eSSk FE .
= o =] A
Be | 0214002 | 0224002 | 019009 | 0.75%0.10 BEe dHoR ARSI e sl ddzd,
Yo | 0834002 | 082+0.02 | 082+0.16 | 0.25+0.15 2kz71, Hol2E WISAAVIY HA e GA XS
iﬂé EiaA=s
E A o]&t <= 3 AR T EAL
HlOJ et Aol ;LHAE} o] &3l M;i :ou g 4= 9 gl wE oL WEE HolE
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Table 3. Accuracy and selected feature for GA condition.

SRME 257 47 o2 2

) Crossover ) Accuracy(
Selection . Mutation Selected features
fraction %)
Roulette One Gaussian 9%.4 My, N, MT,MR,Ss,MG,0c,a¢,¥¢
Roulette One Feasible 9.4 g, dig, e, i, N, SR, Ss,MG, Oc, A,
Roulette One Uniform PB5 My, I H,nH,fH,mT,sT,mR,sR,mg,m(;,Sc,ac
Roulette Two Gaussian 9.4 iy, dpg, e, N, M, Ss,ma, ¢,0¢, Be, Yo
Roulette Two Feasible %.4 my, TN, fr,mm, Sk, Ss,me, S¢,O¢,ae, Be
Roulette Two Uniform 9595 My, M, NE, M, SR,Ms,Me, ac, Be, Yo
Roulette Scatter Gaussian 9.4 my,Np,MT,SR,MG, S¢, Be
Roulette Scatter Feasible 9%.4 my,Ng,MT,Ss,Me,6¢,0¢,ac,Be, ¢
Roulette Scatter Uniform 9%.4 My, N, MT,Ms, Mg, ar,6¢,¥¢
Tournament One Gaussian 9.9 My, T, N, M, SR,MG, O, ¥¢
Tournament One Feasible 9.4 my, N, Mr,me, 8¢, Bc,¥c
Tournament One Uniform %.95 My, i, N, T, M, Ss,Ma, O, ac, Be, Yo
Tournament Two Gaussian 9.4 my, Ny, frr,mr,me, Sc,6c
Tournament Two Feasible 9%.5 My, 'y, NH,MT,ST,ZR,Ms,MG,OF, 0F,dc, Bc
Tournament Two Uniform 95.95 my, T, N, fr, e, ms,me, ac, Be
Tournament Scatter Gaussian 9%.4 my, TN, fr, e, ms,me, ac, Be
Tournament Scatter Feasible 9%.4 my,Ng,Mt,me,6¢, Be
Tournament Scatter Uniform 9%.4 g, dig, e, i, e, Sw, Ss,mc, ¢, Be
Uniform One Gaussian 70.27 my, N, fr1, MR, ZR, Sk, Ms, Ss, Zc,Me, OF, 0r, Br, Y5, 0¢, Be, Y
Uniform One Feasible 7117 iy, dig, N, i, MR, 2R, Sr,Ms,Me, 67, OF,ar, Br, ¥r,6¢,0¢,a¢, B¢, ¥e
Uniform One Uniform 92.34 i, e, frr, e, Mg, Zg, S, Ss,m6, Br, 6¢,0¢,a¢, Be
Uniform Two Gaussian 83.29 my, Ny, £, 0, ZR, SR, 26,6, 7, OF, AF, Br, Yr,0c, Be, Yo
Uniform Two Feasible 92.34 i, drg, iy, £, ST,MR, 2R, SR,MS, S8, Z6,MG, OF, 0F, Br, ¥r,8¢,0¢,0¢, B, ¥
Uniform Two Uniform 79.28 My, 'y, NE I,fl 1,7, ST,MR,ZR,ZG,1NG, 61?, 91?, (lF,ﬁF,YF,Sc, ec,yc
Uniform Scatter Gaussian 94.14 dp, o, N, M, Zr,Ma, 7, 0r, Br. 6¢,0¢
Uniform Scatter Feasible 63.96 iy, 1,0, 51,28, MG, OF, aF, Br, Y7, 60, B¢
Uniform Scatter Uniform 81.98 my,ST,MR, MG, 08, Or,ar, Br, Y7, Be, Ye
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T ETE 2R AEGA R
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No| P| S| G| F| C| SVM Accuracy(%) GA-SVM Accuracy(%) | Selected features

1| o] x| x| X| X 42.79 43.69 Mg, N, MT

2| x| o x| x| X 23.42 2342 ms,Ss

3] x| x| o] x| x 34.68 35.59 mg

4] x| x| X| o] X 23.42 23.42 OF,Br

51/ x| x| x| x| o 50.45 50.45 Oc,ac,Bc,¥c

6| x| x| x| o] o 50.45 50.45 8r,ar,8¢,0¢,B¢,%¢

71 ol ol x| x| X 43.24 44.14 My, T, N, M, SR,MS

8| ol x| o] x| X 64.86 79.28 My, N, M7, SR,MG

9 0] X X (6] X 40.09 43.69 my, N, MT,ZR

10 o] x| x| x| o 70.27 71.62 my,ny,mr,S¢,Oc, ¢, Be
11| o| x| x| ol o 64.86 71.62 My, N, M, SR,OF,6¢,0¢, B¢
12 x| o] o] x| x 34.68 35.59 ms,mg

13| x| ol x| o] x 23.42 24.42 6r,OF,ar, Br

4] x| o] x| x| o 50.45 50.45 6¢,0¢,%¢

15 X (0] X (e} (e} 50.45 50.45 ms,aF,ﬁF,YF,Sc,ac,BQ,YC
16 x| x| o] o x 30.63 35.59 mg,OF

17 x| x| o| x| o 59.46 62.61 me,8¢,0¢

18] x| x| o] o] o 55.86 67.71 mg,ar,ac,Be

19 o| o] o] x| X 63.96 80.63 My, N, MT,SR,SS,MG

20 (0] (0] X O X 39.64 44.14 My, 'y, Nf 1,f1 1,INT,ST,ZR,ZG
21| o| o x| x| o 70.27 72.07 my, Ny, M, Sk,Ms,5¢,0c,0c,¥c
22| o] ol x| o] o 63.36 72.07 mp,ng,mr,sT,M8,8¢,9¢,Bc
23] o] X| o o X 51.80 79.28 My, N, M, SR,MG

24 o| x| o| x| o 88.29 9%.4 my, N, mr,me,5¢,Bc

25| o| x| o] o] o 76.13 96.4 MmNy, MT,SR,MG, 5,0, Be
26| x| ol o o| X 30.18 35.59 ms,mg,Or

210 x| o] o X| o 50.01 62.61 mg,5¢,Bc

28| x| o| o| o] o 56.31 62.61 me,6¢,0¢

29| o| ol o| o] x 54.05 30.63 My, Np,MT,SR,MS,SS,MNG
30| o| ol o x| o 88.29 9.4 Mg, N, M, Sr,MG,0¢,Bc
31| ol o| o| o] o 77.03 9%.4 my, N, Mr,me,Sc, Be
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