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Abstract

This study focuses on electroencephalogram (EEG) emotion recognition. To address the low signal-
to-noise ratio (SNR) and non-stationary characteristics of EEG signals, as well as the shortcomings
of existing models in spatiotemporal modeling and cross-subject generalization, a model architec-
ture fusing Graph Convolutional Network (GCN) and Long Short-Term Memory (LSTM) is proposed.
By deeply integrating spatial and temporal features, the model achieves continuous recognition of
emotions in dimensions such as valence and arousal. Multiple sets of comparative experiments are
designed to verify the performance advantages of the proposed model on datasets like DEAP. Mean-
while, the study analyzes the impacts of different preprocessing pipelines, module combinations,
and channel correlation methods on recognition results, providing references for model optimiza-
tion and application expansion of EEG emotion recognition.
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Figure 1. GCN-LSTM model structure
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Figure 2. GCN adjacency matrix heatmap
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KA 40 BIE(E 5 (32 XL +8 AN, L% 10~20 RS0 AG T MG X, KkE 512 Hz; ZR#H
MR MR SO SUTEE 4 4EFE(1~9 4y, SRR SRAE E SO VEAMERRSE o JRIGHE 2 PR AR (512
—128 Hz). ICA EihiE. 4~45Hz JEJ 5, A 40 BLAAIOT B 40 x 40 x 8064 4HF%E; H#E5E% 6:1:1 /3~
WEE(SHOER) . BAFECRT L) ML EREVE), FEARILE L.

42. KB E

SEEG T Python 3.9 FAEESEIL, IR SIHESLRH PyTorch 2.2.1, fEfF¥F5E4 Intel (R) Core (TM) i9-
12900HX CPU. GeForce GTX 4060 GPU (8 GB A7), K AFMk#ifu+E NumPy 1.25.2, Pandas 2.0.3. Scikit-
learn 1.3.0. Gradio 3.28.3, HHI%dE W% 1.

Table 1. Experimental data statistics
= 1. LHRHIEST

b-i i i AR BRZRAE BHEEE PR YR
pIEESS 768 32 32 40 x 8064 B, MREEE. Y. BiFE
AT 128 32 32 40 x 8064 B MREEEE. Y. BiFE
IRFS 128 32 32 40 x 8064 B, MREERE. Y. EiFE
4.3. FFEEiER

JNEIE GCN-LSTM Rl & A58 (R A0 8 1, 326 G Hh A7 4 1Rl A0 ) 2 28 R IR N BE 2k, 35 AT
Fmg Tk, BARIR:

1) ZJZEAWL(MLP): fEGREE A, & 3 ZaERZGNE 2440 4EFE58Z 1280 4E—fHith )=
1 4E), AGERE 4 %8 20 RFE AT AR PR, TE 23 R 5 I P R AR

2) IEEHHEIC(GRU): LSTM HIEIHLARAS, & 1 /)2 GRU (Fsiocsl = 512) + 2 Z4EHZ, @
I TERT TS A PR L AE S R AR, F T IR Ak B A IR R A ) )3 3 DG BRARRAE

4.4. JFEEEIREER

FAETULE DEAP Bdi 48 4 MELYEEVERE WL 2, O8I : GCN-LSTM PEAEIAL, &4 ik
Wi MLP. GRU, T4 92.74%, Ml /5 £ 5(93.82%) B Uf K (91.11%), [H 547 & 52 MA W
RUEFS2E K GRU ~F21Effi % 84.68%, T MLP {HF5T GCN-LSTM, [KIJGi@:E o5 A @ BAE /1, MY
86.23%, Lt GCN-LSTM fik 6.98 NF 4> sis MLP PhEfem %, P3N 74.39%, [KIJGHT 723 M AR Ag
BN G WA .

XPEESEEG @ ¥ 3 FTLAAR 2], GCN-LSTM fli &5 84 (1) P 35 HERf %14 92.74%, % GRU (84.68%)
$ET+ 8.06%, K MLP (74.39%)42 7t 18.35%. iX—45 R HMENUE T “ A5 (0] - B P RUE AR ” AT B — 4k
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KRR, 5 T GCN-LSTM 7E i Lt 25 IR BIMTE S5 TR I 2 354 /) .

Table 2. Results of model comparison
2 BHERESR

il B W B B-ai5;:3 HHE PR R

MLP 73.14% 75.34% 72.19% 69.82% 74.39%

GRU 86.23% 84.54% 85.02% 82.17% 84.68%
GCN-LSTM 93.21% 93.82% 92.83% 91.11% 92.74%

Average Accuracy Comparison of Three Models
100

95

90

85

80

Average Accuracy (%)

75

70

65

MLP GRU GCN-LSTM

Figure 3. Comparison of average accuracy of three models
3. =BV ERRENTLL

4.5, jHRRSCIE

SEEGHIEE 4 4~ GCN-LSTM T AY[6], X bb I 5 58 AR AL /E R0 4 i) M BB (0 R 32 3), %04k
WIR: Hp— R RE AR, 1 GCN (78.56%)5 X LSTM (81.24%) 34 JCi2: ) i fifi $12 2 1) S Bk 5 i 3 254
fiE; GCN A w3 7S (A EBIE 55, LSTM + GCN (LAl RHIE, 88.37%)F . — LSTM #EfiZ4EF 7.13 M H
A% R SRR AR P G, SRR “GCN-LSTM + B I454E” (85.629%)HERAZ H 1 7.50 /N 4 54,
S RS HE S T 28 AH A 2 TE B

Table 3. Results of module ablation experiment
=3 BERIHRIEER

bt i ES REEBH

GCN 78.56% TC s SRR

LSTM 81.24% To 7 (AR
LSTM + GCN 88.37% TEATIBARRAE
GCN-LSTM 85.62% BRIBRAIE
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Rit 5

S Ve B A (R B RN OC R BRI, PR FUIEIE SR RT SO AR PR RE RO [7] . A 4
MIZREIR, BUREMAR RMAAE A YRS @ T2 WA A4 e 0.68 N 7rad, MefE
FEAERE e 0.91 AN F 73 ko T PR i i B SR BRI B e T2 im sh W Rk, TR R B s (Al B, BOUR
A 9% 2 B e S RS HE ALK AR T BESCEK -

Comparison of Two Edge Features Across Four Emotion Dimensic—e— Spatial Distance
Arousal - Pearson Correlation

94%

Dominance Valence

Liking

Figure 4. Comparison of two types of edge features

Bl 4. PMIAHERSEE

£ GCN AR B AR AR FEAL v, X b 1 2 18] B 125 15 B Kb AR 5% 2R P A IR AR IO RICR 45 2R (R 4) s
B IR UM O Z A P A A 28 e FE A AERA R 2 TS IR, Herh AU 4R 1y 0.68 ST 70 i, MR JEE 4 JiE
i 0.91 N E 7 s IX RN LB TE 1 D) RE SR I E BE MR e e Sl B [P T A E D BB R, BRI R R H
AE AR RAL IR ORI, R R A (R AR it 1 AL T Tl

Table 4. Results of edge feature ablation experiment
= 4 WNFHEHRLSLINSE

ARHERE B TR X HiFE
2 | 92.53% 92.91% 91.76% 90.24%
Rz IR AR S R B 93.21% 93.82% 92.83% 91.11%
4.6. BREIDH

HNEMEN GCN-LSTM A A MERE[8], #EH 3 B2k & (ID =5, ID =18, 1D = 29) M) i H E¥5 04T
REHT, BN HUSARIE + RURMAEERE HA)E, RTINS RS 'SRt b in g 5 R
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Table 5. Case analysis results
5. RBHISHER

ZR#E ID e i /5 i RIIES Sy ZH 54 0 K (ES2/Fl)
5 R 7.2 7.4 0.2 R IR R
5 g i 55 8.3 8.1 0.2 Mt
18 XL 4.1 43 0.2 WBhIgE s
18 A 6.8 6.6 0.2 BERIEIK
29 LYy 3.7 3.5 0.2 THARITE
29 g i 26 2.8 0.2 T

HIER T 3 ADNREIFTINAG > SHEAAS Z /Y <03, fFa “HRH" brik;

T8 (L5 0 it <5 MR RED, >5 AR E3h) e AR, W32k 1D =5 Ik
WHSAF N 7.2, WG N 7.4, BN “BRIEE” . 532108 W2

PG R D IAIE TR AN AN AN LA S A IE R, DB 4545 20 TN (A AE R A

s Predicted vs True Scores (Scatter Plot) Prediction Error Analysis by Case
“ 1
== Perfect Prediction (y=x) ,’ 1 == Effective Threshold (0.3)
+0.3 Error Band ,’ :
/.
ubject5-Aro Subject29-Aro 0.2 1
8 A 6 1
, 1
/ 1
Qs/uhfectS-Val !
’ Subject29-Val 0.2 !
7 7 :
Gubjecnﬂ-Lik 1
e 1
1
2 // B 1
Se ’ Subject18-Lik 0.2 H
7
@ 7 i
o
£ A i
% /’ [}
@5 ’ Subject18-Dom 0.2 1
[ 5 !
/ 1
ject18-Dom !
g’ .
7/ 1
4 ’
7 Subject5-Aro 0.2 !
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Figure 5. Scatter plot of predicted values vs. true values
5. M ES AL EN=E

YEEL 3 432 HAT RIS AE, TN 15 2SS4 (ot LU RS S N2 5 s B v A R A 1Yy
S AGLER0.3 R ZEM Y, R MR BRI K 4ARHR 24X 0.2, HAE2% 5252 4 WE . % B ENE T GCN-
LSTM KA PR FL {2 5 A& TN, kB Ha8 T R A 25 10 I AT (S
5. &

SR S R B AR RS A 5 K RS 0N, $E 4 GCN-LSTM il
LA, DL GON 4240 il HESE 45 17196 HE . LSTM IR 4 (5 S oS, 45 A Ui AF STl 2 - AT
P FISREL, G 20 TH R B R . S0 26 W), M 7 DEAP Sy 4220 WLl 32 445 B Pk S 55 25 41 T MILP.
GRU 2t LA A, I6F T 54 R 5@ FR T
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SR 41 P2 A M LA 2 A2 BV P37 SR K
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