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Emotion Recognition Based on EEG and DE-CNN-GRU

ZHAO Dan-Dan, ZHAO Qian, DONG Yi-Xian, TAN Hao-Ran
(College of Engineering, Qufu Normal University, Rizhao 276826, China)

Abstract: In recent years, research on emotion recognition has no longer only focused on facial and voice recognition,
and emotion recognition according to electroencephalogram (EEG)-based physiological signals is becoming increasingly
popular. However, due to the incomplete extraction of feature information or the maladjustment of élaé'siﬁcation models,
the classification effect of emotion recognition is poor. Therefore, this study proposes a h-ybrid model combining
differential entropy (DE), convolutional neural network (CNN), and gated recurrent unit (GRU), namely, DE-CNN-GRU,
to study EEG-based emotion recognition. The pre-processed EEG sfgpals are divided into five frequency bands, and their
DE features are extracted as preliminary features, which are then input to the CNN-GRU model for deep feature
extraction and further classified by using Softmax. The hybrid model is tested on the SEED dataset. The result shows that
the average accuracy obtained by the hybrid model is 5.57% and 13.82% higher than that obtained by using the CNN or
GRU algorithm, respectively:

Key words: electroenéephalogram (EEG) signal; emotion recognition; differential entropy (DE); convolutional neural

network-gated recurrent unit (CNN-GRU)
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HBh. RN, B2 IRAFE VR WA PR . S
20 GRS R R 0N 1 B 1] 45 5 A AR &
7 ERMER. HAT, 15468 0] 5 Zm £ 5
B AR E S IR A B S AT, AR &, B4 T
fii B (electroencephalogram, EEG). WLH (electromyo-
graphy, EMG) LA J 0y Hi (electrocardiogram, ECG) %54
R 5 B 45 FON B SR AN e, SR, BT AR EAE
5 Be % 5047 M RE T O e S R 1 4, AT DA SE v A b
W E S R, O T AR HUE 5 1016 45 R0 1R E
R T A,

o, BT i e R A 25 R0 AR — B i LS
SHERE . WiHE ST RAE SR A 4518 )
4 FB 5y, BT, ARES RN BAE T RE RGN &
K XA AE T B AR RE S B T vE AN ). b A 4
i FEL R R A B K2R, T AR SO T AR A I (1)
SEED i 4 2853 FRN HUBZ IR NeuroScan ESI-
128 #4547 %%E‘J._Hﬁl‘@%%ﬁﬁi@%@ﬁﬁﬁ%ﬁf|3//T§
5T AR RS R, R BRIR A . LH A0 F AR
T3, O R = B vk 6 B4R 4 (fast Fourier
transform, FFT). /AL H#t (wavelet transform, WT)
ST 53 73 T (independent component analysis,
ICA) 251, A0 3 5@ ICA ERRIR d b T4, #ERf
SE N FRARF AR S EOGS T 1 R 15 2 RO 5 SR B — 8 Y
e, P T 15 28 R 0 0 i FEURRALE S S R I SRR AE . A
SRR I AROSURR AR S 2 (B SORR AR, A SC 38 HOAUIEURY
TEAE R 3 R NE 5

BT F AT T I 2R SR T B R LA 2 )

SRR 2 2 % ARG B & 22 S 50, InscHF il

L (support vector machine, SVM). K-z 4l (K-
nearest neighbor, KNN) Flk S (deeision {ree, DT)
5, B R R A, RS A U7 T A HUS T 2
BETCRAR. 100, B R SR A R AR A —
PO Sl Ik S WS i VY G ¥ P PN E PN o R e A LIS
HERG S0, dE I 32 oo M R, A FRL TR SVM
St [ B b #E 450415 45 BC12005 Data set I1a H [ k3b 52
R HAEFEAT 7 RAFRAF B 93.30% MR 2, Z 5K
FH UG T30 4 42 556 25 1 1o H 598 kAT 40 3%, 19 31
72.96% (11 F i1 5 % Bhardwaj 28 SR Fl SVM &
Fisher #7201 26 14 #1050 43 #7 (linear discriminant
analysis, LDA) % 7 Fif SOt B (1) i FELAS 5 RFAEEA T )
G, SRAGH-35 73 ZRAERA R 5350004 74.13% A1 66.50%.

TRBE 5 ) Rk L B ARG Z N4 (convolutional
neural network, CNN) FI{E M £ P 2% (recurrent neural
network, RNN) B, 7EM A5 5 AR IR 2] T2
NH, I BARE T LR 22 2, HAR ) 2R 8 0 5 . W
4222600 2| 3DCNN 6 IR-BCI f 30 0 J850R0 = #0384
BEAT 02K, 53] 7 85.2% M FIHER . Qiao &'
K F CNN 715 DEAP $di & i AT 15 2505, 1531
T 87.27% HIPFYIIR 2. Zheng 25 SR FIER A5 &M
%% (deep belief network, DBN) {UE &4 1) 73 I 45 Xt fil
LA AT 425, 1265 510 86.08%.

SRTIT, 5 J7 R T e ol 420 1 248 BV 47 1
250 R, 2 S HLAS B 1 [ 2 PR A R 5
. AR — I B, — LB 9T A S % 6 ONN 5
KE B HAC 2 £ 4% (long short term memory,
LSTM) &5 4, FBUS RPN RCR. 22T $2
—Filt SDCNN 454 307 LSTM FITR-& 4 /2% (3DCNN-
BLSTM), H:7t SEED %4 % 400, 15 2] 98% HHfEH
.ONFE LSTM 2808 %2 3 80Ul 2R 1] 1 1
i, B2 PATT48 98 28 52T (gated recurrent unit, GRU)
A LSTM ZEATI FPReiE4 I, H T, SR CNN 5 GRU
255 IR G PR 22 0 28 3 BN T AE JE AR BRAE 5 07 T A 1
AR 4 Swain 1 R A CNN I GRU £54011)
TRA B (CGRU) XK E &5 5 10 B A Rk
HEATAB T ORI, JF7E OdianB s HUE 4 E 0T,
KILH ] CGRU S Bl i fdifll CNN 5 GRU #2755
T 5.36% L5 6452% FMERI 2. Cheng 251 311 R £
i A SRR GRU 2 3k 775 7 i 98 T A i RS Y
SO U0 2 J2 VORI, 70 15 I8 4 245388 FE b o
3 ANFESCEHE AN — AT SR AR AT S0, LS b
il 2 £ 7R B 4 ) 2 SR T A AR 3 S IR LA R
S R B T2 T ) A R AR R
b, 3K PREENST Ky 7 CNN-GRU A5 2Y 6F Ji7 44 i L 5
SHATEE N, BIAE AT EIEE P RHIERTS 89.20%
HIAERRZE, SR AE B REGR R FAURT 83.76% HIHFIN
R, o BRI TAL PR AT RRAE SR S FE XS 4y R A R A A
— i FIEZ .

WA SCAE R b R AT ocadh, 3% mA] 20 REAE 5 X
T, BHIPRHEIR IGE A2 5 CNN A1 GRU 454, #2HH
— MR A FFIE SR EL 4> 2455 DE-CNN-GRU. & %o 0t i
UEHE L5 (differential entropy, DE) HEAT 45
FRAEFREL, MRS TERAE B, TR A RURHIE. Bl 5 K
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AR (A R, SRAS 4 R UERA R B N 98.9%. Bk
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K1 DE-CNN-GRU H:AHER 1§

1 BkR

1.1 5 X
DE F B2 A T A s &8 1 8 24 11, ;H\iJrﬁz\

ﬁﬁD‘Fi 3 v
DE = - fx () log(f()dx (1)

Horr, XRORBENLAE B, 02 e RIS 3 B s . /5 —
ANTE 8 S, EEG {55 1943 A o] LLIE AL Ay i 397 0 A
N(u, )", #ifi EEG {551 DE 7] LAfaitb LU R AR
pr=- [T Lo og = e‘z:ff)dx
- V2no? V2ro?
=% log(2ec?) ()
ARSI TRAL L (1 oG FE 2 42 73 9 alpha. betas

delta. gamma }¢ theta iX 5 MEL, F/0HIHEH DE
fiE, %t F-H— 47 DE $RHEn] R At R 2507

2me

N
Hr, P (i=1,2,--  N) RS RE.
12 BRMERE

CNN 2 H%BE (Conv). JHi1kE (pooling) Fl4:

HEHZ (FC) MRk, Wil 2 Fros. AR A N REE,
RURE L = f R . AUE L R iR a5
ML AT BRCH AL, St AN R B RRAE, ] WL AR R4 iy
TENRHE S S, DO IR G E BRI, Rl Es
ERREAF R ENE TS/ — 2 0 55 B &
TE—i, X REBEHAT IR A, 476 R E B A2 RE .
A BRZ AR — AN EOE R HO SRR AT IR
LR M AR, ARSI B B R AL (ReLU) 1R NEHZ
R R AL E AR R REEZ, o] LA R b

1 1 ‘
DE = 3 log(P;) + 3 log(—) 3)

208 # - HiARH % Software TechniquesAlgorithm

v\ 5
A 25 R 2 8, LB Ik AT, ZE CNIN (R
TR AR, SRR A A TS
T — J2 [ 20 TE AR E B2, 02 T B B A £ 4 1
i R S A — o e e, LR E T A B A
T4y 2K 5E R, SR T AR 1 HEE

—

N — —

Input Conv Pooling FC

K2 CNN gt K

\

13 HRERET 5
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R L /i L RS R, LSTM T B L2 A T4l
Bz, m GRU R FRE—ANT4%, Brbl GRU 1)
ZHE L LSTM />, BRUSIR KFRJE L3 sl 4R,
3 JE/R T GRU HIFEA Py g i, Haa =\ pos:

zr = (W, X [h1,%]) 4)
1= (W, X [hi-1,%]) (5)

h, = tanh(Wj, X [ X hy—1, X;]) (6)
hy=(1—z) X by + 2z, X Iy (7)
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Nzes 1 5h AU
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1 rr Zt T i;l
‘xl
K3 GRU [N 4544 B
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2 SRR pe

W
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2.1 XWFE
A28 45 B AE Intel(R) Core(TM) i5-12400F
4.4 GHz #:¥E3% . GPU 4 NVIDIA RTX3060 f)FF$53
~, £/ Python 3.7 4215 5 LA & TensorFlow V4 FE 2%
SIHESRFEAT ).
22 BEE
SR A AT 0 R A T 4 SEED Hidis
PN E A BAR AR, AT TR DR R =
FREE TR, ZIAE—IL 154 (TLTHE 84
LHE, SRS 23.27), B TFEIAT 3 IR,
H HLBR PR K S5 R g — A e DA b BRI TR WA

15 NHLES F B, SRR RSG5 15 NS5 trials, X4

MRS T BN 6 F LR rR L, AR T 3 MR R 1
%, SRR aEE 5 4 5B, B BER) 4 min,
HIE— s 2 h BA S E 3% %. % 1 REURER
A i 75 T 1 0 OO 1 VA B AN SR 1 e
B9 62 AMi@iE, M EFR 10-20 brifE R M
62 JEIE I HLAR /A A 4 BT, 22 S e SR 1 G LA
FREAT N RFEAL B, 415 54 N 1000 Hz £ 200 Hz,
FHF 0-75 Hz (71 188 8 ik 2% 3047 D8 ab 2H, 73 3 Tl b
S BB 4R . AR SO TRAL S I BE A ik — 2D i
ICA ZBRIRAE S A, W&l 5 prs. Kl 5(a) ZJR46
i LA 5 B, RIS, A IR B Rz BROIZE, 1] 5(b) &
23 ICA ZIRBFPUE G5 B, RIETH K, PR A
S 5P A, A 2502 B R HL Dy k.

R KR ETFR R S R

WP oS SRR BhAT I 1) Ay B
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1 FRR Z=hl
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2 K JEAR LR SRR

0:11:32-0:15:33;
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3 TR Hltxg
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L7 S uT
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6 % JEIL R E
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23 FHIERR | ' -

JLE CNN 5 GRU #0] DL B 0] S5 iR i i A5 5
PRSI 55 2K, (EL o PR 13 2 52 e, 70
i N2 CNN-GRU 8 2 |, $2H DE FREAE N
WIGHRHE. B /e o0 83k L S ICA MR 5 1 i v
{§5 474 delta (0.5-3.5 Hz). theta (4-7 Hz). alpha
(8-13 Hz). beta (14-30 Hz) /% gamma (31-50 Hz) iX
SAHEES, 6 NE 1 A2 &K FP1 EIE
5B, Z Jaxt 5 MBI EL DE $HERY,
ANBRB RN B IE RN 1 s BU—IR. BT SEED #¥5 4
W15 AMEZE  BU AU KA [F], B AR trial BISR
FE R BOA ], Horp, ARG B IEE 5 A trial BKAE
MR, 185, ARSI G — S L, LA 185 JubRiE,
KBS A E 1 DE FRIERI N 62x185x%5 1) = 4EHF
TEAE B K Hofi N B CNN-GRU 45 & P 25 F R rh gk AT
TR B 1) 7 () S R AIE F H
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FE ARG R, FREGRUR Z R WAL, 5
b2 B, u@%&mﬁpnﬁﬁﬁ T =
AT CNN R H SRS ) 23 [R5 B2 AT 4 B AR 46, =
Y S0 B AR IS A N B GRU BB ) — 4E 40 [, J8
It GRU FEHAR B (A48 45 2. B 581 Softmax B4
BHATIE 4R 2.

A DE-CNN-GRU P& R4 5 3 NEFE,
3K Z, 2 MEERE K 1A GRU 2.3 M6
FUZ UL ReLU 1E NS R 5L, BRUZ N 3x3, HA T
XN “same”, REIHFTHN LS H B A 5 RGN
A K B P2 B KAk 2 it /N R 2%2, s KR
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Softmax PREIEAT =428, W3R 2 Ak,

AR ) SR B R IEARIRECH 1000
W, A E R Adam AL FH T2 2, S 2 %h
1E—4, 451 9% o H0h 28 SUIR 0 9% R B, PP AS A v 2 v
RO ARG R 1L R 7:3 IR AT R4, N
#| DE-CNN-GRU 3T I 25

3 SEG AR R 50 \
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(B A HERTEN). K 8 MRt 1000 IEAR G R
13152 R 4 19 48 e 0 % O KL TR I e I 8 AT, 4
15 B2 R 1 53 A S B 7, 7T ik 98.9%, FH UL T3
2R 80 7 35 T 0 FhL 0 165 5 R 0T 5 R A . It
ob, %S 2 R, AT SR 0 4 KU R B,
T4 32 1% 2 10 49 KW 2R AR G, LA, TS 2 1
T AT 1 S5 7 3 FEE AR [ 5 S8 22 Sk
IVNERE S C YN
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CNN-GRU #i7% 2 CNN 5 GRU FiA~ B — R i 45
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R UH 5 1043 R 5 IR A B AR R, i T ) 7 Ad B1oy KW 2 K 3 fion, Al A1, DE-CNN-GRU
R B LA S DE 'RRAE SR I Bl 5 2 AH ). 3 FhAS [ AR TR A AL 5r 2568 7148 T DE-CNN 5 DE-GRU #.—
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7 DE-CNN-GRU ?Em%(ﬂ%ﬁﬁ*ﬂi;é ¥ -
- - 4
£ EOMELEHNEEAT 0 w0 JRIAMEEWE R LSTM #7482, 155 80.00% 1)
MHEAC R SRR SRR 1 o WBIHERA 2. Li 2504 KA CNN 1 LSTM (R & 163
HRUZ 6 . % 38 " Ixl ReLU

1 N " .
NN L2 £ ; T4V BRI
AT I . S #hLEFI4 (CLRNN) % DEAP SRS (79K, #3500
3 BRE N R 333 1x1 ReLU HERIZR N 75.21%. Ren %) XA K-means 5755 WT
4 BAmKE T — 22 22— PEATHRHESREN, SVM 1 N2 2588, 155 78.20% HIHEH
5 ERR 16 3x3 1x1  ReLU o e 261 442 o .
6 BRILE . 2x2 %) #. Brown %% B Ao A R alpha ARBL I D2 LA
7 GRUJZ — — — tanh FEAE, SR KNN S5 HEAT 70 AR #4531 82.00% (1 #E
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Ho5 Li 208 B 60 0 2 S BB R 2B B VR A A Y
WT-CNN-RNN #AT . Li S8 Faigi WT 546
i LA 57 4 il — AT P14 N CNN-RNIN YR & 9 4%,
TE RO RN L P55 79 A48 1 (9 HE AR R 0 3l 72.06%
H174.12%, [AIRE, 32 4 R 51 el B 45 5L, B 4 ] 5,
AR FT AR H VR A A R ) T i LA S A 4 U
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B9 AR (1) 23 S HERf 206 L A AT
33 PR o) S
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[25] K-means-WT-SVM 78.20
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[27] CNN 72.42
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AL DE-CNN-GRU 86.50
4 2k

AL U AR 5 9 W U Bt AT I 2 RO AT T,
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K H] DE-CNN-GRU R A 8 B TRFE LS 70 2. @
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