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Е ≢ Ҭ Ḥ ȁ ȁ Ḥ Ҍ ̆ ₮ѿ ԍ SimAM

ⱬ └ - - ≢ Ȃ ̆ ΐ ȁ Ḥ

4 ̆ᶏ 3 ( three- dimensional convolutional neural network̆ 3D CNN) 2

№ ( two- dimensional depth separable convolutional network̆2D DSCN) ӟ Ḥ ̆≠

SimAM ⱬ └ ῤ ᾝ№ ѿ ᴨ ᶏ̆ ( bidirectional long short- term 

memory̆ BiLSTM) ӟ Ḥ Ȃ ̔ ≢ᴋⱵ ᴇ( Valence) ( Arousal) 2ҩ

҉̆ № №≢ ⌠ 93.43% 94.21%̆ ҹ ≢ᴋⱵ ᶫԅ ̆ΐ ѿ

ᴇṿȂ 

ῗ ̔ Ḥ ̕ ≢̕ ȁ Ḥ ̕3D CNN̕ 2D DSCN̕ SimAM └̕BiLSTM 
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Emotion Recognition Method from Spatial-temporal-frequency Multi-domain 

EEG Features Based on SimAM Attention Mechanism 

Wu Junhui, Yang Jun 

(School of Information Engineering and Automation, 

Kunming University of Science and Technology, Kunming 650500, China) 

Abstract:  In order to solve the problem of incomplete extraction of spatial, temporal and spectral features of EEG 

information in emotion recognition research, a novel emotion recognition method based on spatial-temporal-frequency 

multi-domain EEG features using SimAM attention mechanism is proposed. The original EEG data are processed to obtain 

four-dimensional data feature representations with time, frequency and spatial feature information, and three-dimensional 

convolutional neural network (3D CNN) and two-dimensional depth separable convolutional network (2D DSCN) are used 

to learn spatial and frequency domain information features. SimAM attention mechanism is used to further optimize the 

distribution of weights of neurons in the brain, and BiLSTM network is used to learn the characteristics of temporal 

information. The experimental results show that the average classification accuracy is 93.43% and 94.21% in the two 

continuous dimensions of Valence and Arousal, respectively, which provides a new method for EEG emotion recognition 

tasks and has certain theoretical reference value. 

Keywords: EEG signal; emotion recognition; time, frequency and spatial feature information; 3D CNN;2D DSCN; 

SimAM attention mechanism; BiLSTM 
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 ב  1

1.1  DEAP  

DEAP [11] ӏ ᵬҹ

ΐ̆ ԅΐ ӏ

ץ Ȃ 32ᵝ

̆ ᵝ 40 1 min ӏ

̆ ҩ ̆ SAM

ᴇ ̆ ⅞№

ҹ̔1) 60 s ӏ Ḥ ̕2) 3 s Ḥ

Ȃ Ḥ ԍ ┬

Ḥ ̆ ҩ 32ҩ

Ḥ 8ҩῒז Ḥ ̆

׆ 512⁞ ⌠ 128 Hz̆DEAP

ҹ 32( ) ×40( ӏ

) ×32( EEG ) ×8 064( )Ȃ 

1.2   

╠Һ № ̆

ῒ №ҹҌ Ȃ ҩ

Ҭ̆ Һ Valence( ȁҬ ץ

) Arousal( ῐ )  2ҩ

Һ ̆ ᵣ

SAM 2ҩ №̆SAM №

1͘9̆ῒҬ ԍ 5 № ԍ ̆ ԍ

ԍ 5 №↕ ԍᵞ Ȃ 

ҩ ץ ѿҩ Ҭ ̆

ҹ Valencĕ ҹ Arousal̆ 2ҩ ̆

№ҹ̔ Valenceȁᵞ Valenceȁ Arousal

ץ ᵞ Arousal 4 Һ ̆ ҩ ץ ҹ

ѿҩԋ№ ̆ᶏ DEAP ≢

ԋ№ ᴋⱵ 1 Ȃ 

 

1  Valence- Arousal  
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2.1   

ҍ̆ ῏ Ḥ №ҹ ŭ̔ȁ

ɗȁŬȁɓ ɔ 5ҩ Ȃ ≢ᴋⱵҬ̆ɗ

( 4͘7 Hz)ȁŬ ( 8͘12 Hz)ȁɓ ( 13͘ 30 Hz)

ץ ɔ ( 31͘ 48 Hz) ΐ ᵬ Ȃ 

׆ Ḥ Ҭ  

ɗȁŬȁɓ ɔ 4ҩ Ḥ ̆ ҹԅ

ғ ῃ № Ḥ Ҍ ῤ  

̆ ԅ 0.5 s  
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2.2   

№ Duan [12] ԍῒז ΐ
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Ḥ ᵬҹѿ Ҍ ̆ ꜚ

Ҭ ֟ Ḥ ̔ 

1) 32ҩ 4ҩ Ҭ╠ 3 s

№ ( 6×0.5 s)ץ 1 min ┬ Ҋ Ḥ

№ ( 120×0.5 s)̔ 
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Ҭ̔xҹ Ḥ Ҭ ̕f(x)ҹ x

₱ ɛ̕ ů2ҹ Ḥ Ҭ ṿ Ȃ 

2) ҩ 3 s Ḥ № ̔ 
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Average_ DE Base_ DE
i

i

j i
=

=ä Ȃ (2) 

Ҭ j̔ ҹ 4 i̕ ҹ Ḥ ꜚ Ȃ 

3) ɗȁŬȁɓ ɔ 4ҩ ̔ 

 Final_DE DE Average_DEk

j= - Ȃ (3) 

Ҭ̔kҹ 60 sḤ ꜚ Ȃ 

 

2  ᵩ  

2.3  - -  

3 ҹ DEAP 10͘ 20

ӈ Ḥ ᵝ ̆ DEAP

ҹ 32×8 064̆ Ḡ Ḥ

ᵝ Ḥ Ȃҹԅ ‗ ҩ ̆ DEAP

Ҭ 32 ҩ Ḥ ⌠ ԍ

10͘ 20 2 ҉̆ ѿ  

32 Ḥ ᴪ ⌠ 9×9

Ҭ( ̆ ҉ ⌠ ᵝ

0 ᾟ)̆ 0.5 s ҩ

⌠ 4 800 ҩ ̆ ҩ ΐ

9×9×4 ̆ 4 Ȃ 
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2.4   

3D CNN 2D DSCNᵬ

ҹ №̆ΐᵣ ̔ң 3D CNN 3×3×4

̆2D DSCN ̆

ҹ 3×3̆ ҹ 1×1̆

ҹ 1̆ ҹ 1×1̆

5 Ȃ 

ԍᴰ 2D CNN ԍ № 2

↓҉ Ḥ ̆3D CNN ץ ԍ 3 

Ḥ Ȃ Ҭ 3D CNN

̆ 2D DSCNΐ

⁞ Ҭ ᴨ [13]̕ ̆

3D CNN ῀ 2D DSCN 3D 

CNN Ҍ≠ ̆ 2D DSCN

ѿ Ḥ ץ ⱴῃ Ḥ

̆ ѿ ᴨ ꜛԍ Ȃ 

 

5  3DCNN- 2DDSCN  

2.5  SimAM Ⱶ  

ⱬ └ ԍ Ḥ
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ץ Ȃ ׃ 2 └̔

ⱬ ( CBAM) SimAM ⱬ Ȃ 

CBAM ⱬ ұ ⱬ  
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1Ĕ Sigmoid( )X X
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2.6   

Ḥ ң BiLSTM ̆

₮ №≢ҹ 256 128̆ ҩ BiLSTM [16]

╠ ̆ῒҬ

╠ ԍ ӟ ⌠ Ḥ ̆

↕ ԍ ӟ ↓Ḥ  

[17]̆ ᾛ ↓

Ҭ Ḥ ̆ ῏ Ȃ 

3  ⅎ  

ҩ 5 Ṑ֜ ̆ 100 ҩ

Epochs̆ Batch_size ҹ 128̆ ӟ ҹ 0.001̆

ᴨ ҹ AdamȂ 

3.1  3D CNN ⅎ  

ᶏ 2D DSCNȁSimAM ⱬ

└ȁBiLSTMֽ̆ᶏ ԅ 3 Ҍ ̔

1×1×4 ȁ3×3×1 3×3×4 ץ̆

Ҍ Ḥ № ̆

7 Ȃ 

 

7  3D CNNҒ ⅎ  

ԍ Valence Arousal ̆

ҹ 3×3×4 № ԍ 1×1×4

3×3×1 ̆ ֽ

Valence Arousal 2ҩ №≢ ԅ

3.34%ȁ3.89%̕ ֽ

Valence Arousal 2ҩ № №≢ ԅ
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15.55%ȁ11.7%Ȃ ̔Ҍ 1×1×4

Ḥ ̆ 3×3×1

Ḥ ̆ Ҍ 3×3×4

Ḥ ү Ȃ 

3.2  Ғ Ⱶ ┼ Ҳ  

ҹ ⱴ ̆ Ҭ ԅ

01 Ҍ ⱬ └№ 8

9 ̆ Ҍ ῏ Ȃ

ԅ Ҭ ѿ֓

Ȃ 

 

8  CBAM Ⱶ Ⱶ  

 

9  SimAM Ⱶ Ⱶ  

8 9 ԅ 2 ⱬ └ EEG

҉ ̆ ԅ Ҍ ῏

Ȃ 01̆ ῀ CBAM ⱬ 32ҩ

№≢ҹ 0.26ȁ0.04ȁ0.14ȁ0.39ȁ0.57ȁ

0.41ȁ0ȁ0.15ȁ0.12ȁ0.44ȁ0.04ȁ0.16ȁ0.78ȁ0ȁ

0ȁ0.39ȁ1ȁ0.36ȁ0.01ȁ0.37ȁ0.44ȁ0ȁ0.05ȁ0.03ȁ

0.1ȁ0.34ȁ0.58ȁ0ȁ0.37ȁ0.27ȁ0.67ȁ0.49̕ ῀

SimAM ⱬ 32ҩ ̂FP1ȁFP2ȁAF3ȁ

AF4ȁF8ȁFC5ȁFC1ȁFC2ȁF7ȁF3ȁFZȁF4ȁFC6ȁ

T7ȁC3ȁCZȁC4ȁT8ȁCP5ȁCP1ȁCP2ȁCP6ȁ

P7ȁP3ȁPZȁP4ȁO1ȁOZȁO2ȁP8ȁPO3ȁPO4)

Ҭ ⌠ №≢ҹ 0.25ȁ0.26ȁ0.42ȁ0.78ȁ0.25ȁ

0.39ȁ0.02ȁ0.19ȁ0.66ȁ0.22ȁ0.88ȁ0.26ȁ0.57ȁ

0.64ȁ0.43ȁ0.3ȁ0.16ȁ0.22ȁ0.18ȁ0.46ȁ0.74ȁ

0.13ȁ0.16ȁ0ȁ0.27ȁ0.49ȁ0.28ȁ0.14ȁ0.02ȁ0.56ȁ

0ȁ0.6Ȃ ҉ № ̆ ⌠Ҍ

≢ᴋⱵҬ

̔ ֓ ⱬ ≢

̕ ᵞ ↕ ╠ᴋⱵҬ ҍ

ᵞ̆ ῒḤ ⌠ԅ Ȃ ̆

Ҍֽᵣ ҩ ӊ ̆ ғ Ҍ

ⱬ └ҊӞ Ȃ ῒ SimAM

ⱬ └̆ ҍ ᴋⱵ ῏

ΐ ᴨלȂ Һ ҹ CBAM ⱬ

̆ Ҍ ᵝ Ḥ Ҍ

Ḥ ԅ ׆̆

№ ӎ Ȃ ӊҊ S̆imAM ⱬ

ᵀ ҩ ᾝ № ₱ ̆

ֲ ᵬ └Ȃ 

ᴏ 1 2 Ȃ 

1  CBAM Ⱶ ⅎ  

һ  ҝ /% F1 /s 

Valence 92.39 0.9146 482 

Arousal 93.22 0.9416 483 

2  SimAM Ⱶ ⅎ  

һ  ҝ /% F1 /s 

Valence 93.43 0.9182 354 

Arousal 94.21 0.9603 450 

3.3   

ҹ ( baseline) 2D DSCNȁ

SimAM ⱬ └ȁBiLSTM ̆

DEAP ҉ ̆ 3 Ȃ 

         3  ‼         % 

һ  

 תּ
baseline 

baseline+ 

2D DSCN 

baseline+ 

2D DSCN+ 

SimAM 

baseline+2D DSCN+ 

SimAM+BiLSTM 

Valence 90.47 93.12 93.42 93.43 

Arousal 90.63 94.04 94.19 94.21 

3 ̔ Valence

№ ҹ 90.47%̆ Arousal ҹ 90.63%̕

ⱴ ғῃ Ḥ Valence

93.12% № ̆Arousal 94.02%

№ ̕ Ḥ ѿ ᴨ

№ 2ҩ ҉₮ ѿ  ̕

Valence № ҹ
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93.43%̆ Arousal ҹ 94.21%̆ ᵣ҉№

ԍ ̆2 ҩ ҉№≢ ԅ 2.96%ȁ

3.58%̆ ᾟ№≠ ԅҌ ᵝ

Ḥ ԑ῏ ᾟ№ ԅḤ

̆ Ḡԅ ῃ ≠ Ḥ

Ḥ Ȃ 

3.4   

ҹ ᴨ̆ל ҍῒז ԅ

4 Ȃ 

         4  ғῚל          % 

 Valence Arousal 

GRU- Conv[18] 70.07 67.36 

MPIAResnet- BiGRU[19] 90.47 91.50 

P- GCNN[20] 73.31 77.03 

ACRNN[8] 93.72 93.38 

GCBnet+BLS[21] 

CNN[22] 

85.98 

85.53 

87.48 

85.88 

̕ 93.43 94.21 

Xu [18] GRU Ḥ Ḡ

ῒῃ ₮Ḥ ̆Ῥ CNN Ḥ ̆ ӈ
[19] 1 ̆

̆ ῀ ֜ԑ ⱬ

ᴨ ̆ӊ ≠ ᾝ ̆

Wang [20] ԍ ṿ

ӟ̆Zhang [21]≠

Ḥ ̆ ↕ ѿ

Ḥ C̆hao [22] ҩ

ᴰ ᵝ ̆ ױ

ҹ 3D ᶏ̆ 1 CNN ѿ Ȃ

Tao [8] Valence ₮ѿ

̆p ῒ ῀ 2ҩ ⱬ ̆ ԍ

ⱬ ᴪⱴ ῒ

Ȃ 

10 ԅ ҩ Ҍ ҉ ‰

ץ 32ҩ ѿ ҉ ‰ Ȃ 

 

10  DEAP  

11 ԅ № ⌠ ῒ̆Ҭ

Һ ҩ ≢ № Ȃ 

 
(a) Valence  

 
(b) Arousal  

11  Valence Arousal  

4   

ѿ 3D CNN ⱴ 2D DSCN̆ Ҍⱴ

ᶛ ╠ Ҋ Ḥ Ḥ

̆ SimAM ⱬ ᵀ DEAP

ῒ№ ᴨ ̆

BiLSTM ѿ ӟꜚ Ḥ Ȃ

DEAP ̆ №

Valence Arousal҉№≢ ⌠ 93.43% 94.21%̆

ԅ ≢ Ȃ

╠̆ ≢ Ҭ Ḥ

̆ Ḥ ̆ᶛ ȁ ל

ֲ ̆ ᴪ

Ạ ѿ Ȃ 
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