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Figure 1: The distribution of brain activation in the (a)
spatial-spectral dimension and (b) spatial-temporal dimen-
sion. Different emotion states present different degree of
activation in different frequency bands, time stamps, and
brain regions. Moreover, there are discriminative local pat-
terns for emotion state as the example shown in the red
boxes. It shows that the degree of activation in the f§ and
y bands of temporal lobe regions is higher than the negative
emotion.
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Figure 2: The whole process of EEG emotion recognition. The EEG signals of subject, who was stimulated by multimedia
material, are constructed as 3D representation input to SST-EmotionNet. The model consists of spatial-spectral stream and
spatial-temporal stream, which has same structure. Both of them are made up of several Attention based 3D Dense Blocks
(A3DB) and Transition Layers. In the end, spatial-spectral stream and spatial-temporal stream are fused for classification.

3. BERTSREN

WS SMEDETINRME. BiTS, EAWss, X XT = (sT,sT,...,8%) e RPT Hk
AT AR E/NEEGERAIEEE, Heh, ST = (s),57,...,sF) e RE(t € {1,2...,T})Jo7ERda)
AT AT FARAIEE. MRS NERNTEMERES., B1S] BEHRA2OMRETEEM, c RV,
HM W5l a20FEENSSEE. BARERER MR 2D FHEESRER, BB EaES
fo3DRTEERXY — (MY, ML, ..., ML) € REXWT,

BAENXS = (87,85,...,8%) € RP*EHEET BAMRBRNEEGISEA0IESISE, Heh,

Sy = (s}, 82,...,sF) e RB(b € {1,2..., B}) NTESRERV FHOFTEEBIRAOEIE. SHIEREE, S; 4%
IR DIRIEEEEM, € RV | SraiR T mMAI BN 2D EEER SR, RITASEIISE
H3DgRERRXS = (MS, M3, ..., M3) € RTWXB | iwab - B RIS T NAERHIEEGERIASAE
Bb € {6,6,a, B,7}.

N
s

Electrodes X W M

Cubic spline

interpolation

Bands

Spectral features (DE) from all channels The 2D Map in frequency domain The interpolated 2D Map 3D spatial-spectral representation
Electrodes % T MT XT,

= H

Cubic spline
interpolation
p . M,
M T-1

M1

Time

o 5 10 15 20 25

Time series from all channels The 2D Map in time domain The interpolated 2D Map 3D spatial-temporal representation

Figure 4: The process of 3D map representation. (a) Select the DE features in the same band and raw signals at a same time stamp.
(b) Transform the selected data to 2D map according to the position of electrodes on the brain. The names of the electrode are
annotated in the 2D maps. (c) Adopt cubic spline interpolation to the 2D maps. (d) Stack the 2D maps from different bands or
time stamps, and form 3D spatial-spectral representation and 3D spatial-temporal representation.
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Dense Network
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Fusion and
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Figure 3: Overall stucture of Spatial-Spectral-Temporal
based Attention 3D Dense Network. A3DB: Attention based
3D Dense Block; 3DCM: 3D Densely Connected Module.
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Figure 5: Spatial-Spectral Attention in spatial-spectral
stream consists of Spatial Attention and Spectral Attention.
The upper half of the blocks in the figure is the type of layers
and the lower half is the dimension of its output tensor.
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3D Densely Connected Module
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Figure 6: The 3DCM in spatial-spectral stream is made up
of several densely connected Pseudo-3D convolutions. The
Pseudo-3D convolution is made up of k X k X 1 convolutional
filter and 1x1xk convolutional filter (k = 3). The former con-
volutional filter is used to capture spatial features, the latter
convolutional filter is used to capture spectral features.
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HAJEESEED (SJTU Emotion EEG Dataset) SSEED-IVEUESE TG THRIMEHAVER, SEEDEUEES
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s FZEDIBIFE (differential entropy, DE) #42BUEAMNRISTIRIFE.
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Table 1: The performance comparison of the state-of-the-art
models on the SEED and SEED-IV dataset

Model SEED SEED-IV
ACC (%) STD(%) ACC (%) STD (%)

SVM [26] 83.99 9.72 56.61 20.05
GSCCA [33] 82.96 9.95 69.08 16.66
DBN [31] 86.08 8.34 66.77 7.38
DGCNN [25] 90.40 8.49 69.88 16.29
BiDANN [17] 92.38 7.04 70.29 12.63
BiHDM [19] 93.12 6.06 74.35 14.09

R2G-STNN [18]  93.38 5.96 - -
RGNN [34] 94.24 5.95 79.37 10.54

SST-EmotionNet 96.02 2.17 84.92 6.66

SST-EmotionNetfERNMNEUESE LIS T FEREEL S ZRIMRE, BRI HENERSEMEHREARES
AR

1. AETEAERTIIE, SST-EmotionNetFERIEIRINEBESHITA. SRR, BEFHE, FRIRTSM
FHEZ ARIEAMEBHITIEE DK,
2. FHRSER NSRS INEEEE E X TRHBERBIEHHR AR -S0- =B EBEARA, 127t
THRERFNR,.
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AT H—PIERI MRS DMAGIERE, FIRT T —RFHRIEE.
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Figure 8: Ablation studies on two stream fusion.

EERANRERAER T, SREAERREEBILRIRERN-=. M-SRIMER D BIEH.48%5
3.51%, ZERFRANAFARRHEZARNEAMEEBEMIRE D KRR,

EEHIHEERE: FIXISST-AttentionfIFNFEMDBIHIT TiHRR, SLRERNERTR:


af://n83
af://n85
af://n94

100%

90% B SST-Attention
0
) B Only Spectral/Temporal
80% Attention
B Only Spatial Attention
70%
Without Attention
Ac

60%
C Fl-score  Kappa

Figure 9: Ablation studies on attention model
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