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Abstract: Continuous emotion recognition based on multimodal physiological data plays an important role in many fields.
However, it needs more physiological data to train emotion recognition models due to the lack of subjects’ data and
subjectivity of emotion, and it is largely affected by homologous 'subjects’ data. In this study, we propose multiple
emotion recognition methods based on facial expressions and EEG. Regarding the modality of facial images, we propose
a multi-task convolutional neural network trained by transfer learning to avoid over-fitting induced by small datasets of
facial images. With respect to the modality of EEG, we propose two emotion recognition models. The first is a subject-
dependent model based on support vector machine, possessing high accuracy when the validation and training data are
homogeneous. The second is a cross-subject model for reducing the impact caused by the individual variation and non-
stationarity of EEG. It is based on a long short-term memory network, performing stably under the circumstance that
validation and training data are heterogeneous. To improve the accuracy of emotion recognition for homogeneous data,

we propose two methods for decision-level fusion of multimodal emotion prediction: Weight enumeration and adaptive
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boost. According to the experiments, when the validation and training data are homogeneous, under the best circumstance,

the average accuracy that multimodal emotion recognition models reached in both arousal and valence dimensions were

74.23% and 80.30%; as the validation and training data are heterogeneous, the accuracy that the cross-subject model

reached in both arousal and valence dimensions are 58.65% and 51.70%.

Key words: continuous emotion recognition; transfer learning; multi-task convolutional neural network; Long Short-Term

Memory (LSTM) network; cross-subject model; decision-level fusion
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Bl 11y Bk 12, &80 1) T 3 d v A 2R 36 1
FioR.

(2) AR B AR A S 56 1) 2 2 o

X A R 2R A T AT M T R S A S O
X4 FhOTIENZE R (BEG, I EUR, BB E LG 77k

A 3 58 A D5 9) HEAT IS 0 A A 56 (normality” ¢

test), L& AR 945 T 0,05, BRI B9 A5 &

“ %“ v

HERR (%)
3

1 2 3 4 5 6

7
Heildhm 5

EZ . W76 E A0 A0 OB B AT ¢ TR,
¢ FR R PAENT 0.05, BT AT LA KA 55 102 5
TR T AR 7 2 TE A5 A A B SCHE, WEAT Nemenyi Ke 6,
P E/NT 0.05, BTG BT DA I B 525 #—
U, 55 12 R R HE R I 5 4T 7E DEAP
HiE % 1 valence 25 [AI A arousal &5 [A]H, ZANEh-& 7
VE2 I RARTL B 2 5

(3) B MR T 45 R SV P 5206 55 ) b7

S T B bl U 45 R TR LSTM 3 50 i e
45 B FI ] MAHNOB-HCI 508 58911 25 35 10 40F . 1%
T IE ] 30 4B, HARTR AT I e 3,
I 0 2R AT R AL S e 0 E O 1 1 K

_ARE VRS R SR 5 U o e AR R SR

U ORI 2R R A R AL A 4, i
i SR 5 2R RS B 4.

8 9 10 11 12 13

(a) Arousal in DEAP

HER (%)
3

1 2 3 4 5 6

7
Beikdm 5

8 9 10 11 12 13

(b) Valence in DEAP
u Facial expression = EEG = Enumeration = Adaptive boost

6 BRI AR TE DEAP H 4k kR %

F 1 BRROBETIZE DEAP B4 TR E (%)

. MNEFER KBS BORE SRR
e R R RETIE e

BN 72.31412.02  75.38+12.16  80.30+11.37 80.00+12.40
MOEERE  71.15+£11.62 68.85£10.02 74.23+£10.34 71.54+11.16

2 90 K 55 Y SR B8 B (R, JAT T Kool
FREAT R 23 I 1 = 23 SHEIEEE, 1 52 20 5
B E NI R4, 21 5 % 23 SHRME NIIE

£ EI BRI 1 % 23 S BdE R, AR
HUTE valence 45 [1)-F 35 HERI K N 78.56%, [FIHF R
68.18%; MIAERILE arousal 2R i1~V S HERI RN 77.22%,
3% 69.28%.

58 UEEHE 5 I 2R E s 57 A R R VR, BEFRAT A8
AR 1 & 20 5 B9 HCHE I 2R AL, i A5 2 A Fii )
21 Z 30 5 HIEUE. B AR RILE S 4 B 1) S5 AE R 2R
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N 51.70%, 8] 33 28 )y 47.13%; 11 K 704 7 g 88 13 4 ¥ ()
SEISJHER N 58.65%, 181 % 33.62%.

R B 45 VR0 R4 % R U (B N 36 2
Fizs (R loss (B XS B SE B0 2H Il 25451 2% R 4L, val loss
EAR T S 6 20 1 56 AIE 452 2% R B 1T 58 T B AR L A
N HER . [BIH R A TR Z (Root Mean
Square Error, RMSE) U3 3 Fiw.

#2 PRI /E MAHBON-HCT 34 4 1)

PURRBURAE
N R4 BE W FEE 24
Rl
loss val_loss loss val_loss
A 3.16 3.35 2.71 3.30
B 3.05 6.20 2.66 6.88

%3 EHABIAE MAHBON-HCI #4425 1)

HET 2R AN 8] H R
1l B Y N 4 5
T WEME(%) FH (%) RMSE, #EFR(%) [ H (%) RMSE
A 7836 68.18 183 | 7722 6928  1.82
B 5170 4703 8 250 5865 3362 2.63

P AT DL, B AR A 2 ) Sl [ A B A
FE] A 263576 T B, 401 2K R Bl i ZAE 5, ARLAE TR T
I 4 25 X PR B 2R 2 AR IR 4 B L T T Re AR
FRH 50% FIHERGR, 1 4RI e B — e AR e .

(4) R 5 00

1H 25 RN S A AR 2. A ST F e Al S il
HE, B SRS 2 R G B G, 78 ne R FE AT
o 5 ST 35 HERF 22 43 ) v] LU B 74.23% F1 80.30%. 1
AR SR HA I T M LT 5 A R AR Y, TE A

MAHNOB-HCI 4 5 56030 45 30 R, 8 M e FEE A 547y

Y 2 e v YRR 2 23 30 T LIS B 77.22% F1 78.56%.

2019 4, Chao 25" 56+ i 15 5 32 H 1 2 Sk
FFAESEFE (Multiband Feature Map, MFM) i 52 /4 £%
(Capsule Networks, CapsNet) 1?3%@, FE1 ] DEAP #(#5
AR IGAIE (O L, T2 TR 1 M R 5 R M 4 P ok v 4
BB IL T 68.28% 1 66.73% HIHERIZ. [F4E, Huang
220 LT fig R LAt 2B BEAE 5 4R HOR A G AR
M %% (Ensemble Convolutional Neural Network, ECNN)
PTG %, ZEEF A DEAP B AT IR, X} 12
(¥ G 73 24 4 f 25 0 v BB 05 14 B 82.92%. 2017 4F, Yin
)0 TR RFE I VAT PR 5 R, 764 F DEAP
YR BRI AR G LT, 5 R B 5 R0 250 4 1 2R
HIEF] 78.67% Fl 78.75%.

FHOEE T L, AR SCHR H 0 A i ARORS 2R S 2 5 A A

8 TR +Z5iR Special Issue

R L R R U e A 26 A S HO B R BE 5
il LA (0 7 25 R SRR B LA M [ T
5.2 fEEkEIf

(1) S5

B 7 Mk T A SCSE 0 1 TAE R, — TFUG 6 AL
SR 75 o W R U 4, IRV 7 T 2 RS R BEG £ 2
TERLE SO, BER BRI 5 A T R 42 (valence)
FIMGHRE (arousal) 451 14 4, 0 BN 15 25K 4
PR B0 6. AR RGBS 0 9 1 5
0 2 Iy 5 B . vV

e

LI 5 108 WG T
i OPNEDSS RN P RAI
[
b
W B AR A
o gt &} LIRS SAM #E
Braik ik b 1 2
it it MERS
EE ALY Ty “
T WS MRS R TR (7
T, LS CEREP LM
— SBRBEARF]
N NItz SYHAT ALY
G FIE/5

7 RSB

LI A 20 L4 (50% \9‘%‘&, 50% ik,
(ERSTEIELN 7 B 75CFSE=3401 Sy bilE %=22.14). 5%
ISR, ﬁ%&ﬁﬂ%ﬂiﬁﬁ?@'? valence Fl arousal ]
B S, A WO A 7 B S A5 R I 4 45 A
17 E‘J"'[%E% FEFR (valence F1 arousal). 7£ 5256 A, #%iX
MATE S I8 (R T+ _b I o R 38 4 7 IR B R 3 At 1]
BB, BAMRIEE AT T B MR R T AL E, B
TR ORATERO0T G 1A THD 308 HH BULAE o e v e

TEREAT SR8 2 1 75 Bk £ H T R s 48 R
MR B R Mk B 52 T3k £ 40 MRS T B4, PRk
AT R 2 585 F T R AR I SR i 7 AR S Il B i
R, BRI 20 AR B2 1 B4R 1 R it ]
4 69.00 F 292.00 s (*F-3J{E=204.06, i3 #E Z=50.06).

TERFAT IR AT, 1 50 75 28 R SR AL i,
SEEG S AT NSRBI S . TR sl g 20 41
I AR RS ITAR T, B R R A
10 FHEITEINE, DA 51 8l i 5 00, FAE ST 46 1)
Peon. BT SR, BERE EIFG AR R s U T
RAG . AE U R H SRR LD USCER 4 A AR R,
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i EN RSN

F#f81F Emotiv Epoc+# 3l 1% % S AP IR 10 44 EEG 15
TR RREL 2~3 b RIS A R, T 4
H &£ (Self-Assessment Manikins, SAM)™* i il 7E
B e, PLIREEY IR valence Al arousal #5258, FE7R
P S AN R I R PRI LA AT R — AN
5. W UGESL S A E XS, iR b RIS
10 70 B 5 H Iy AR 5 (BEEG 55, [ RG]
LA S FHRR B AR RS FH T U115 R AR Y.
FEM B B, BB E AT 20 4S5, AR SEES

HER (%)

1 2 3 4 5 6 7 8 9

HERIZE (%)

1 2 3 4 5 6 7 8 9

) 3
8 (EASR AR KRR

10

(It R 5 2RI B R (e RE SR AL, X B AN )
TN G R A s P ) A kAT B, DR A [
FRIRLA 2 51 R ) P A R 2 AT 5 B 24 1 A 2
AR BTG 287 30 2 U™ A= AE R 06 45
IF, (8T 4 FlAS [ BRI 2 (T SRR AR DI 4%, EEG Ao
TN, MO R 75 V2 R0 I R R A %) ok
FRENEER. S FATII 45 R SR R ST HER 2.

(2) LIRS BV

K8 JEax T 20 4%%%%5"]@%@&*@5@%.

11 12 13 14 15 16 19 20

SR R
(a) Arousal in online experiment

10

11 12 13 14 15 16 17 18 19 20

(b) Valence in online experiment
= Facial expression = EEG = Enumeration = Adaptive boost

Ed

s

&

R AR T MR LR h ROy VSR SRR %D&ﬁ%é&&*i@ﬁﬁ%ﬁ%ﬁ, M HEFZ ) P 09 0.026

LA 1, W T 5 e o
7S T e 5 M TSR, 4 7%
OB R A L o i e O L, b TR s vk i
TFRZ TR, AR T RO e e . 2
e, AT U R MR 4 R B BIREAT 90

K4 (ELRSTIONE SRR (%)
- PN & ST iR ?Z‘H‘WE qﬁmﬁi
et P RhGT7E RETIE
AT 55.75+19.25  69.25£11.96 69.75£12.79  68.00+17.39
MERE  54.00£20.28 64.00£22.39 61.75£19.76  70.00+20.51

Hof FAE LR 9206, 12U 4T b, MUZS B & 77k
ARG IR R 25 R A B35 2= 5 P =0.026. 11 H B
TE N A T RS N SR A IR A 7, TERUN Y

11 8 P2 448 P2 PR K P 0N 0.007.
5.3 BUHBEIRA G ENBRIES T

(1) AdaBoost & AUASAE B A 2% 4

N T A IS R ZE B, AR AdaBoost
SR A NI R 0 7 2R 28 R0 i L1 4 10 70 25 4%,
DAIA 315 iy OO A 17 28 1R HE A 28 ) 0O . SRR B,
AdaBoost HIER R I T M.

AdaBoost FHXT T Mz A E L B0 A S AR IR
P s @ % 2 I REORE IR T A RIBUE; @ 1703
ARG B

AL TR B PR P il D7 R A SR AR A R R 1 RIS
) BB SRR B R MR . MO B FEARE T — &
KPP0 K (RSN 0.01), BB K 38N, 7524
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(A EE 3 3 96 A [0, 1] 2 TR, M 4K 21 S
PRZENT N T4 2R 28 E . 1 AdaBoost SHvE B e IR T
Z HINGEIREEINBUE, R THERRER, BE
Ik Ay SR 25 AT B4y SRR WOBUE, B JE R £5
BARERIBUE A0, G T — 0 R 22402k
SRR PTHEL. EIX AN FE R, AdaBoost BVEEL R TR
WVEAL IR 7, FR4E & B — A £ AUE . MVE
WART. FoRBAE. ground-truth b5 fIT 43288
B, THEN — HAUE A0, A% BUE Oy —
I3 A —X T BB R AR, AU BE . X MV
X 53] BRI\ EHim £ 38 ST RUE 3 A B A28 BUE 5325,
BE A B S B P N 2R B A2 3 5 A AR 1 IR — 1 L.
[F I, RO RE A, RO A e P K. den £,
T AR B E R B i T MO A R

(2) BERIE 4 UM A T R B or il

XoF T AR () 507 75 SRR [A] S4B, BN BRI
T8 AR v AR B 22 I 2% 1 2R 2, K BT R A e
%I H, SYM IS8 b. Tsehs L, BA1i%
TR I 2% 3 831 074 NZ4L, 1 GeForce GTX 950
SR, AT — IR FEAHT )AL BB [E] 2 0.0647 s.
XIFHT LSTM [P0 FE A5 6 1R A B, AT S $2 e
TR ARFEE, SRS AT IR, TS epoch I ZRR ]33
At 3.

TEBL ARG 7 T, 56— PPRCZE B RilG 7 1AV
% Z ARG W T2 A, b 7 LR B
AT EI R HBEE B 2 E B R —
kA AR E 2 E N O(100mn), Horp m RFEARA L
1M n SN T8 M 515 AdaBoost R [A] 57 2%

FEHIE Onm). th 3k 1055 — M7 B 4 RS 0 2

TR PSR 221 1, BRI/ B8 2RSSR
MRS TTEE INIE G !

(3) Bt LA

E45 45 R 59 AR AR 7 T, X A% 1 S R
VU T, ARSI N TR S RS, R
(valence) FIMEEEFE (arousal) P N4E R 173 7 AR 46,
SO JEEN (1, 9]

TESRE DT T, A SCE A TR, 4Rl T
FADR AR S R PR S S A YRR SR AN = SRR RE 22

N T RERER R, AEE T ANRREHNEAR
I FL A 25 R BOR. 7R N AR ARS, FRATTR FH i 3]
Uity [ 22 AT 55 B R 28 9 2%, DAV 53 R0 0 e JBEE 7
FH T 75 38 I 4k R R R A i, A PR A A e 4

10 % i +Z5i& Special Issue

S/, PR RS 2 STHOAR, 126 A Fer2013 $idin 4
TR, R 5 T FH SR 8 1 S R B 72
i RS, FRATTRIF 7 4 RO BT 11 S s 1 L
VB R R RR BEA A0 R TS KT 5, SREAT 42K
CGERTF 5 MRS, BNEFAE). TiA T aamA
S (B DUt — S5 3R e R, BRATHR 0 T M2 AL
HRE A AdaBoost . I8 E R E S B R
SIRTEB NI, SRR, RS 2 RAR
AR IR %, AdaBoost FHL H A FALa U Sk T A

SRT, _F 3 S AR R e M A R )
PRI, T A AR 25— 2L 5 i R
U A SO A A Y, H R 0 R

S T R 0 B, A S i e
S T HT LSTM (85 B 1 45 0 7 2. Bk i
S I A D 46 1 ) — A LA 22 A B 17 2 1
1. S2ae 2R, 1% 0710 B — 5 (O BS woR HE A
6 gk

A SCHETF N R i e £ SR T A 2
7 . AR S P 2 ) — AR L 2, MRS
5 6 0 20 RIS FE A 46 FEE 10440 AL I 4. 7E N
i PR A, A SR R RS 2 ST BRI 2R 24T 55 58
22 LI S 1 7E T LS SRS, 3T 5
5 R VB K AR SCR P SR el L A1 46 140
59; X T AR FIVERE, TSR A A A2 4. T 42
04 5 0 L S, A ST 0 A2 A SR A
FE 7 4 9 Y A\ 25 55 i e 5 2 K £
VSRS A S AR o v 1 .

AR SCHEAT IS T B IE 5175 R v A
CHE b 25 o i LR 4 5 E O S [ A0 B v
TSR TG0, — R AR T B2 (R =
AT 0. % F 2 BEA IS 0 R AK B, AR S A A& 526
W T L RN IR, BB R R R % B
W AR 2. AT, FLYE R BIEE 2 R 2% 10 15
PR RAREBL T BB . F— 35 10 TE R4
s A o 2 i e 24 0 AR 470 A, 3B 3 2 A 3
il A B A 035 B0 7 925, RS [ B B A 175 2 15 A
R 2 e IR A ok — A5 R TR R 2 ST 4R T
5 A L 4 R B (1 .
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