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Research on Epilepsy Classification and Recognition Based on Multi-
Domain Feature Fusion via Multi-Head Cross-Attention Mechanism
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(School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou, Gansu 730070, China)

Abstract: In this paper, we propose a classification and recognition model based on the multi-head cross-attention
mechanism (MHCA) fusing EEG multi-domain features for the detection and recognition of epileptic electroencephalo-
graphic (EEG) signals in preictal, ictal and interictal states. The model is developed by sequentially splicing the two-dimen-
sional images generated by continuous wavelet transform (CWT) of epileptic EEG signals according to the channels, and
utilizing shallow convolutional neural network (CNN) to extract features from the spliced time-frequency images in order to
effectively extract the time-frequency domain features of epileptic EEG signals. At the same time, the brain functional con-
nectivity matrix is constructed to depict the functional connectivity between different brain regions to capture the potential
spatial features during epileptic seizures, and finally, MHCA is used to realize the global interaction and adaptive fusion be-
tween time-frequency and spatial features to fully model the correlation and complementarity between multidimensional fea-
tures, so as to construct a complete and unified feature characterization of epileptic EEG signals in the three dimensions of

the time domain, the frequency domain, and the spatial domain. The experimental results show that the model can reach a
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maximum classification accuracy of 92.49% and a sensitivity of 92.48% in multi-subject classification of preictal, ictal and
interictal phases, which reflects its good generalization ability and stability in cross-subject scenarios; and the model can
reach a maximum accuracy of 98.39% and a sensitivity of 98.04% in single-subject classification, which fully verifies the ef-
ficacy of the method in the task of individualized epilepsy EEG recognition. The ablation experiments ultimately further
confirmed the critical role of the spatial information represented by the brain functional connectivity matrix and the multi-
head cross-attention mechanism in multi-domain feature fusion and discriminative feature enhancement, both of which posi-
tively contributed to the model’s performance improvement. This paper validates the efficacy of epileptic EEG classifica-
tion and recognition, which not only provides a reliable and feasible technical means for clinical EEG detection and recogni-
tion, but also provides new research ideas and methodological references for the extraction, characterization and modeling

of key features in epileptic EEG signals.
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K F1FEB) B HEIE I [ T, d, s g FARAEANE 251 Sk
FEAE ) dE A AERE , T X0 JRUIA R R AR O BEA T 4
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1R () AN D s 8 R e (RS U
1) 5 2 W1 3 A8 Ak (=g AT 4IR 35 ) R 38 R A R AIE (N2
U ), el T AL GRS EOR A B (AN FET) B SR B
Pk IFH FERR A R R RE 224 il X2z 8] 1) S5 [
A1 By, i AR 6 22 R] 1 R S 2R B (i e SR A G R
B EAR A AL S AR S PR ) & BE T .
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HIFAT 2 AR 1 WO 238 6] (subspace ) Fifi FR B
W -2 SRR 1) 55 TP 9RO G 3%, B Rl T A Sk 9 i
RPN B SN A I G 2| AR < N S Ty N ¢ i
o i FELA 5 20 B e B AR SR I N s BURRAE 43 S0l A
[Fi) 24 iz WAt 22355 31 () Sl A R, I ELIUIR 114 57 T
L] RE R I Z R B 0, 545 B — 3 2 T AL
MELLAR T . IeAh ¥ % 25 1 )2 I — 1k N 3
TR JF AN TR 2 2 LR — 2D ARk
AR AR R AR IR AL . R R FH £ 2 4 Dropout 1% 11,
TEVE R I i 0 152 RO 5t f 28 ) 24 PN AR 0 s
T Dropout JZ , il 1343 )2 Dropout 5 % , Bj 11 4815 (over-
fiting) 1G5 AR AN Z (L AE J) . ARG FBEI AN &l 3 i

£ IRUE

)

Linearc |
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Softmax

IBCGRAN

Bk ERE
AZEIE 4k

(

)
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Softmax
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—-[ Linearc }—VM Ve
num_heads*head_dim
o)
=
— —v[ Linearc g J—’LLL[ Kc )—’ 2
E
liN} &ﬁﬁ*’ﬁf}{ Linearc o ]—'M 0Oc §
=)
AR
h Ty
—’[ Linearp ¢ )—FM Or lé
num_heads*head_dim 2
=
—»[ Linearp g J——M Kp ]—. g
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ﬁ—fiji!ﬁ'ﬁ_.[ Linearp y ]—M Ve

(

Add & Normp |
Add & Normp >

IR AN

s
L

K3 23k 2 R LI A B8]

7N I RTSCR AL R 23 SR 14 2 P i) 22
4 )2 BT AL Z ) BT I — 4R R REAIE 1) 2, SRR R
FH B3R 1 22 3 32 SO T 7 B O S BN RRAE 7 81 22
] 64 42 Jm 5 B Ac e, BT BR IR B T F RS D B R

P, SGEE A B YR T G R RS RE )
3.5 A=

ARSCHR M T — PR T 22 3 58 S T L A 37 B
EEG #7028 PRI | 206 70l FiY i 252 /)N e A8 4 24
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7 SRR I A5 200 ) 42 3 50 U 5 1 WU A2 0 S 1 FREDOZIAAT
FRAE A Rl A, 0 3o 45 IR e R L 2 B AR AL, kb B Jitk|  Layers Filter |Kernel|Padding|Stride|  Output
AT I R B ST A A A P35 1 4 T ot IR
ST R ST L UAHE S 1 4 % . B PRNG ph o 1 280)
S58NS9 0 e 345 42 Conv1 16 107 3 | 2 | (16640640
W% A 7 22 CNN LA BB 390K AE 12 SRR AE L SR 5 Maxpooll | — |22 | 0 | 2 |(16320320)
ST B A I 0 11 2 3k 5 U 2 WL AT A 4 Conv2 2 |G 2 | 2 | (32160160)
%Eﬁ/\ﬁ‘%%%ﬂlﬂﬁﬁ%%ﬂ ”IJ ‘ CWT Maxpool2 — (2,2) 0 2 (32,80,80)

A PEALR 7 T FFELH, (03 T4 e 5 Sk B 0L T e
S 2 R, 22 G R0 40 UV | 152 28 i T s T To T T T T
b B 22 5 1) — 2 P 5 A Y 3 N A 4 el = T = T = T=T (mas
L A 5 /1N D B A5 A A A58 AR G A L OB e T = T = T = =1 s
FHAEA epoch A= 154 AR 71186 21 B 46 452 45 6 4 o s AL - B ]
PRI SRR AIE . 0 ) 22t 78 )2 1 CNIN A 7R 12 RS AIE 22 Convl 16 | (55 | 2 2 | (16,64.64)
Jei 8 FH 22 3 38 S T 7 LR 2 0 B 45 38 R A Maxpool 1 — e o 2 | (1632.32)
A IE A TR A ARG 5 A R R P T a2k S Conv2 32 (63| 1 1| (32.32.32)
$orhi) CNNBURI 4 BEREMARWARAN, IFE [ Meweiz | — Tea [ o |2 | G2
A BUR G AR N T #9142 (Batch Normal- Conv3 64 |G| 1 | 1] 641616)
ization Layers ) LAY, $2 Y 1) MR BE IS8 v Ao Maxpool3 — @22 0 2 (64.8.8)
V. 1E2 K3 R ST Hr X AT 2 3k 4 S Fil 8 Skt Covd | 128 | (3| 1 | 1 | (12888)
A ) PR 0 % R , SR 4 S PR U Bl 7 Maxpoold | — |22 ] 0 | 2 | (2844
LI FLET R IR B . ARG 280 K/ 1024128 B Hlatien B i A Ml ok dok
EAYERR BRI S AR R R gy e | 7 L7 L 7 |7 e
1 B T VR SO0% 6 Dropout BRBLZ gy T ettt 2 Lo L LB
B2 I A T L2 TE LSRR s il I Ejnz et
BRI AIZ AL RE ) . BASCEAN N2 1 In
- ST omemaan 7T
i ,f"'\'**MVKN“"*"‘V (TR

K4 BURAE R AR
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4 HERDHRITIE
4.1 7 [E1 5% Ih RE i 1 4R P X 43 KM RE O R M 20 T

I A 2 ik A BRAS B AN [H] 5 B Y epoch 317 3894,
KT KSR BEG 6 % 22 /0N A8 ¥ 42 0 18 01 T P
TN 1) 4k RS 235 5 AN (R Aq T 6 372 42 00 B o i v 15 5
I A A 205 R A 6 XS A A [ s
By A 55 T i HERf M A SCIERE PCC AR I MR
PLV A BRI PLE R4 DU AN [7] Fé9 i ) R 2 4220 1 5 3| 45
A 2 CWT BMGIEA 7% H AT . I FLR 4 38 3L
WETT % BN ZR3E epoch 55534 10 403, R UK For 9 (4R
FNLREE T4 VR AR, JEEAT 10 Il ST 5256
G AR BEAIL 535 | AR ISRYE R 2T 10 IR SZER 1)
Accuracy . Precision | F, Score ., Specificity Fl Sensitivity Y
SERENE PG TR , YRR A S 2R B A 1T

ol A 10 i 0y i 322 2 00 2 1) 37 38 LI TIE 45 2R
WS s, H =00 245 R MEw R AR AE 88% LU |- . Hirp
{5 FH PC.C KB B B B AR TR 2% 89.62% , X iy R B5UBE
89.69% , fix fe HEHH R Ky 92.49% , % I R 4B Ky 92.48% 5
T4 FH M B4 B 8 B MG HE A 2Rl 88.729% , Xt 107 R 0 P
H 88.73%, fix = HE W K N 91.73%, XF N R E K
91.67% ; 7EAH FH PLV i [ o 119 S (IR HE A 2Rk 87.97% , fi:
1o HE A 2R 91.73% 5 78 (i FH PLIAE 46 B %) e AIG o A %6
i 87.07% , i i T R K 89.32%.

o8 A 170 i 0y R 32 2 0 2 1) 31 28 SLIRIE 1
BIVEAS R bR s T an & 6 Bk, vl LA H i PCC AR R
P25 S PEAT 8 R (B X8 SRy L (0 FH PLV 266 B R0 ML [ s
B8 ARG R AR R 2 HL LR T, 1 4 PLIAE PRt
B85 ZE PPk HE AR Y MG . 3k 32 25 A [ i 2 o %
VA AU 2 A S SOV R AE AR A 22 S AR OG . O &
A B3 51 B S5 1 28 2 P TR) 2D 0 i DX A A R
SR B A 2R MR A DG B TR MR A O R B HEAY PCC
R I X 3k o [) 25 A28 Ak LU 55 BIORR , T LA SO B I S
fiE, BREAE A3 24T 55 R R B G 5 MILAE Ao A i [
RGN TR , BERS iR B B ZR IR AR .

RT3 52 2% OG0 H e 1 2SR o vy, IR e A
TN EEG B0 A4 B | 15 5] 7 55 J () 175 100 T 2 B ms 3
PCC; X F A [R] 25 2 d6 b , PLV BEAZ S5 I i X [a] [5F
AR —E0E (B 25 55 52 Wt e A BUE SR 2, ] BEKE
A 25 HE ] 25 Chn e R 8] 1) B2 ) R AR A — Bk, =
FOHER ZEBE X T PCC ORI MI; PLI A HER R e A2
SR AR B 300 () A0 S (0 A, T PLLAR A o7 i
JE s B X R PR A R D S AN g
B, K Ty S R i e, SRR IR RE T
R UGS 13 DU i D) R 4 R0 B R AP AR 25 5 H
FERFIERAEZE B T AT B 00 1 B A

F it PC.C R P4 B 1) 25 R DF Al 8 b (B 38 B e

1777} Accuracy =] Precision XXX F1 Score [[[[[1]]] Specificity EEEE Sensitivity

DI

STTTSTRTSSSS

B

STSSSTIT

T2 3 4 5 6 7 8 9 10 Aw
2 AR ST RT3

(a) PCCHRE

77} Accuracy =] Precision R\ F 1 Score Specificity B Sensitivity

0.960

0.952
0.944
0.936
0.928

& 0920

?fg 0912

320,904

£5 0,896
0.888 /1
0.880
0872

Ta3uaasnassuisananaaashssnbsnazar
e s s S e

0.864
0.856 /1) Al
12 3 4 5 6 7 8 9 10 Aw
28 CRAEHT ST )
(b) MIJERE
0.960 Accuracy =] Precision F1 Score [[[[[11] Specificity B Sensitivity
0952 il
0944
0936
0928
0920
%go.m
3z 0.904
3 0.896 N
FE 0.888 §§
0,880 ;E
0.872 A
0.864 ég
0.856 §§
0848 /2 ga
1 2 3 4 5 6 7 8 9 10 Avg
38 ARSI
(¢) PLV 45

0.952 Accuracy == Precision F1 Score [[[TTT] Specificity S Sensitivity
0944
0936
0928
0920
0912
1% 0904
92 0.896
}E 0.888
0.880
0872
0.864
0.856
0.848

0.840 L
1 2 3

e
s s

4 5 6 7 8 9 10 Awe
2 AR T3

(d) PLIJHWE
BSOS 0 Dl 3 M 1 47 58 S 2
PRI 24 0 FH PCC AR B AT 5 S 5258 . i FH PCC AR PR AY
738 I UESE R A TIR A 25 A & 7 B, AT LR
IR 4R R UE B R R 93.63%, B IR T B R N
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0.960 —&—PCC —e—PLV —A—PLI —v—M

0954
0.948
0.942
0.936
0930

1% 0924

22 0918

E 0.912
0.906
0.900
0.894
0.888
0.882

.876
Accuracy Precision F1 Score

P 6 A A [7) i 2 RESRE e 94 47 58 LB R 2 2R - 24

Specificity Sensitivity

Y7Z7) Accuracy =] Precision R\ F1 Score [[[[[[[[] Specificity SR Sensitivity

0.875
0.868 L=

0966
0959
0952
0945
0938
4 0.931
g 7l
£ ooy
0917 [
5 o0/ 2
S 0910 (- 7
. \ 9=E
0.903 A
0.896 |2\ A
N A
0.889 [/ 7
\ A
0.882{ 1
\
\ A
\ A
N 2N
1 8

2 3 4 5 7
2 UGS RO ME
7 PCCREBE Y 4738 SCRHIESS R 17 I ) 285 5%

90.11% , V- I HEHf % K 91.53%. + 4738 LEE 45+
I (00 A SR e AR, {EL 2 55 b B (R A T8 2 500 7 %) 0 3
B R VR R e, 02 PR kg BT 0 I v A SR AN i
P IR AR B R B, 55 5) 32 W i AR AR w28 51 43 A 5
S BRI AR 22 0 vk SE R R R Az AL BE T .
T 3 3T A8 SRR 5 2 AR R SR AT LR S 1A, AR
RCECHE K] 43 BE AL A 52 i, B2 A AR P e Al T T A9 SE T
AIREYE . i PCC RS 5937 58 B0 25 SR 1E A7 3t
V14308 43T B T ] 8 i

PCC Matrix PCC Matrix

inter 0.8 inter 0.0797 0.0159 Mg

pre pre
04 04
seizure | 0.0041 0.041 b seizure | 0.0041 00123 b
0 0
inter pre  seizure inter pre  seizure
PCC Matrix PCC Matrix
1.0 1.0
inter 0.0757 0.012 0.8 inter UCRGRE 0.0598 0.004 0.8
0.6 0.6
pre pre
0.4 0.4

seizure [ 0.0123  0.0246 seizure [ 0.0246 0.041 [KEreY | |02

inter pre  seizure inter pre  seizure

8 U] PCC AR T 38 RS AT I A B S0 TR AR HE B

4.2 BIRTXNFENANFHBARELET DK ERE
AR

R T BRI AR ST 11 223k 28 SR R T ML X i
A5 SRR E R B A Rk, B A ) Sk B0l &2 3k 28
TR I HLH HEAT S0 56 IE 4l PCC R B 1R A fisi 2
PEREE RS, 3738 RAE ) 45 g 2 fos .
9 AT, 24 223k 38 U R Sy AL 04 Sk B0k o0 1 BT
19200 /3 S UERR R R0 (F, 2085 e S v R R g
I Be A 5 B Sk B 18 n , ASEAY AT LT 4 T b4 2 ki
55 A B AR SR N A SRR, LA S R R B 2 B
MLBCR AR HERR R AR R AR Y R B e, HR
B R 1K 91.46% , K5 1 B 51 3K 91.53% 5 7834 Jin £2 3k 58 XL
HRE VUGS B Z )G, A Sk i & AR R B
PG IR0 v iy M P sl I SRR AIE 7T A AR AE 5 1)
R, F R ALRE 1 T B, LA 2 ERf R RS
JEEF AT R S N R AR AR 2 BRI . PR, A
PRI 4 3k 1) 223k 58 X 38 1 ML RE S 5 78 70 A S50
P B ki A5 B ARFAE

£2 EASLATNEEANHTEALBMBRER 0%

KH| Accuracy | Precision | F, Score | Specificity | Sensitivity
1 90.20 90.33 90.24 95.07 90.25
2 90.38 90.53 90.42 95.14 90.38
4 91.40 91.53 91.43 95.68 91.46
8 91.23 91.37 91.28 95.59 91.28
16 91.17 91.30 91.20 95.55 91.17

0.916 Accuracy [ —9— Precision [ —@— F1 Score [ —@— Sensitivity —a— Specificity
0.957
0.914
> 0.956
0.912
0.955
:EU.‘)IU
k 0.954
iﬁﬁ?ﬂs
0.953
0.906
0.952
0.904
0.951
0.902
124816

ERRRCEER TR R R
K9 i 2k 22 R RE LR AS 6] Sk B 45 2R 14

4.3 HFEREP A EERE ExT 5 2 e R 72 0
S

N T BRUEAR SCRT R HY G RAAE B BOHE QU T REAS 58
G B WO IR HL AR = B TR 2 AR, BT AN R HE 2 Y
CNN LR BEAT S B0 3 Uk, I8 1 PCC I [ A1 ik 21 BiE
B M AR MR 3 Ps .l IR R, S ERR
HIR AR JZ RO BN 1 B B 3 S UERf R RS JEE L,
OB S R SRR P i A1 B R R G, AR
LS R R U S A R I LS 94 S A A 2 SRR A
HOP R R W Z 32T B R2 B2 800 4
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#3 FERATRASRBEHEILER AN : %
BRMAL R TS Accuracy Precision F, Score Specificity Sensitivity
2 3/16/32 90.54 90.85 90.52 95.27 90.46
3 3/16/32/64 91.13 91.05 90.97 95.53 90.90
4 3/16/32/64/128 91.40 91.53 91.43 95.68 91.46
5 3/16/32/64/128/256 90.83 91.12 90.90 95.40 90.83
6 3/16/32/64/128/256/384 90.68 90.67 90.69 95.33 90.73

I, A58 R T 30k B i 5 (91.40% ) |, [] i 4% 2K 5 At 1
RER . SRR 2 R S BT EEG B
A BR X LA S P I TR 45 (A 50 2 L 25 50 B LA
ML . I Bl TR A A6 FUE S 7R RRAE B2 B A vh 25 38
PRI AZ 1 AT 1 55 s R BR S iR EEG o HA Je i 5 &
PERFIE B e SR AR M B, BB R oy KM RE BT
Rafagh . R, AR SCREH 4 )2 10 35 A 48 I 45 HE 4 nl L)
SN FE 53 A R AR O ik HhL £ 5 O RRAE
4.4 B

R T R B AR R (1 M e AR S 6 T il R (1)
21 Wb, BEHLPEE L 10 2 Bk AT Bk AT, 6 4
h PCC AR T W BB A B s 1, = 40 28 M aff R 1
T 78% LA L. Hidr chb11 B35 ARG R 5 5 R 98.39% ,
R H 98.04%; chb 14 835 B IERG R E AKX R 78.95%,
RAYE N 76.67%. 1 W AVRFE FR 25 57 45 K s R AR
Ivi) 4 M o 7 8 R A A0 e R 8 B ) A7 76 S A
25 S ECRAE RIS KA R X o 3E AN i HL
CHB-MIT $¥5 % 240 & L Z ik &, Hazs sh bk | H bk
P bR RS R 2R 0T BE S 0K 2 Bl B0 15 e LA 11K
R MR RUG 2 AE FAF FHE . XS chb14 i i 1 —
oM kB, K EEG AR stk i F H A wkiat, B
TE 4 B2 /N AE 4 v S B BN T2 Y R AR A A
AN 10 7, 3 22 B chb14 88 2 B0 & V8 FRAF 55 A

R NP N TR S O = W S 3 A T B 35
A A X 2 T AR AU 4 I B e s e ol B )
VEAH SIS 28 ) DA T R AR AR 75 14 O 3
I A T TR EEG B/ S B XA B 1Y
RO, AR BRI A A 25 5 R a5 R AT
FEUIZABE YL X0 1 H {5 AT R AP o3 251 e
BE A B T WA Rt s A FRAR 9 1 A2 TR A
FERE, i 11 s, N BB ONZEZE A 435 R PCe
JE PR P HERR SR AIG L P R TR A R

R4 MAWATHER A2 %
e iy L o
Accuracy | Precision Specificity | Sensitivity
A Score
chb01 97.50 97.62 97.53 98.77 97.62
chb03 96.97 97.62 96.20 98.33 95.24
chb04 93.10 93.94 93.94 96.30 93.94
chb05 85.37 85.93 85.03 92.37 84.72
chbl11 98.39 98.72 98.34 99.10 98.04
chb12 97.14 97.70 97.42 98.45 97.33
chb13 96.55 97.22 96.40 95.83 95.83
chb14 78.95 80.56 77.27 86.51 76.67
chbl5 95.46 95.38 95.20 97.76 95.11
chbl18 89.29 93.75 89.14 93.33 86.67
Average 92.87 93.84 92.65 95.68 92.12

300

200

100 -

itude/pV

—100-

mpl

—200r

A
|

EEG Comparison (4 Seconds) - Channel FP1-F7
T T T T T

L5 X
Time/s

E10  AFEBHREAA epoch I FP1-F7 335 A4 A5 H I F02E I8 CWT 814

4.5 HBHICIE
T BEIE T2 R T i 3 £ S RN 2 3k A8 U

FEJTHUE B TTRRBE , 380 X O RS R ok LE AR BT I A TR
REZ2E S FEATTH RIBIFE , 36 5 25 ) 1 PIIUAS ] ) T Rl 52
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g

PCC Matrix PCC Matrix

inter [UCEYAN 0.007 1 0 0.8 inter

pre | 0.0104 RUEREXY pre | 0.0259

seizure 0 0.002 IR

inter pre  seizure inter pre  seizure

PCC Matrix

PCC Matrix

inter 0.8 inter

pre [ 0.1034

= seizure | 0.0667 0.0167

inter pre  seizure inter pre  seizure
11 REIVER T ORI B A
AR A SCHIr 4t R

TESS— Wt v, o 1 AR5 ik D e I 2 6 R 1) o1
HRIE , SRS R RS BRazAbe b, (A P i 252 /N A8 4 A Al
A 2 RS FEA TR AR SR BOT 702 5 58 Ik b, o 1
WE5E 22 3 28 ST I HLHI A DTk BE , B RL th RS BR %
BRI, 5 32 5 /)N e 70 48t A ol 24 L R i g g i
JREL P BRI 3 o 1 ) 2% i BBUREAIE 5 7 4 8 42 J 25 Wi R A T i
AL E MR 2R T2

SRR TER R 23k S R B LK Z ), VA
BT T 0.42%, B Bk PCC A FF Z 5, AR TR T
0.57%. 7 PCC i R 3 1o 1130 [ 300 3 755 () Fr) 2 vk
AHOGHE b T8 115 5 ) 1 2 [E] SCHRMEAR R, T 223k 22 X
T2 AL 8 A 3 2 SRR R (B] A A 4G L BERE A
TV SR FE AR VR A [R] B BB 198 G B o A3 18043 AN 1) e i
P2, Rl PPl e s . B 12 o] LA W B
RS LA (0 32 20 28 T, B 1) WSS 8 i A0 i bk, [] Bt
SR T PCCHRIEY 223k 22 ST 2 AL X A A M RE 11
E ) BTk, 2 W PCC L RE Tl 22 3k 28 S B 0 PL 094
Rk
4.6 XtLboHr
4.6.1 AEZEHFFERMS T L7

R T B UEAR SO A T A 22 3k 28 S 2 I HL Y 48
A, TEAR ] 00 52 38 25 AR 43 0] 5 28 T LA & i T
B AT XS e, S 2 Sk | I AL (Multi-
Head Self-Attention, MHSA) . ¥ [7] 13 & 1 HL % (Co-
Attention) . i il 7T 2 S ML 4 (Squeeze-and-Excitation s

0.900
0.870
0.840
¥ o810
g
& o.780

&
£ 0.750

—CWT
0.690 —— CWT+PCC
—— CWT+PCC+MHCA

0 50 60

20 30 0
e (%3
12 OR[EBARIZEAF R 56 e A i

SE) #0145 B 2 J1 45 B (Convolutional Block Attention
Module, CBAM) , HZ5 N3 6 i . ] LI A ST
{1 B9 MHCA 72 ER R R ) 20 50 S P A R
B8 45 4% L AR 7 T 240 4 2 O T A T R LA X
W E T 2K 238 R AL B8 AR R AR Rl G o A v W)
P S A Ff A0 Sl AR IF 15 25 R AT 22 ) ) 0 ] AR 6 R
AL v 5 S5 RS [ Rp AiE 22 18] A9 8L 1] B b5 il
G MIZ R 38 s ) AL (40 SE .CBAM)
AAERFAE P AR AT A 53T, X LA AT S AS [] 45k [7] 1
BERY OB, PR 1 J0 125 3 3 [ 45 1 Rl RO . MHCA 1 22
SKIFAT I B RE ST AN AT DA s ABE AU 6T Jey 5 58 A R
5 B AR g 1) 4 A0 F AR Ak i R G IR RE ) iR T
TRFE A Y (A AR Y R 2 HLAR T A 432K
PERE.
4.6.2 AEISEEBINTLL 5347

T B E AR ST A AR TR (8 R AR R [ A S
B AR AE T 43 015 JURIR i FL A5 5 4 B A TR e
GrHT, A RN T PR, W LAE H AR SOl A R
I3 G AR A AR A5 7 T 40T HA 5 . T e )
B — $aft 1 R AE AN DA B — PR 2R AE U T 30 1 S A
P ME L FE 53 3 S 0 A VR TEAS [m) B B e 52 B 2 ]
BE AR AR AR . T 22 SRR 45 38 1k R A A
N Al 11 J P ok 2 A LA R A s TR s ) i 2
AR B G WS S TR [E] 2 B 4R B 0 BAME
BT LU A T b 2 AR R A A A [) I 300 7 A 2%
PR T 73 S U RS E MR R . RO
AR ST R ) 22 SRR I Rl S BT RO i LR S R 2
3SR AT 55 v 5 B3, X A T30 ) 4 2 A6 )
Ry BB TN B A AR SR AR TV AR AL AT A B TR T
BEAILE i RS B2 Wi g 5 b i R (e

RS FEERIEMRER 7%
ik Accuracy Precision F, Score Specificity Sensitivity
CWT 90.83 91.22 90.73 95.30 90.48
CWT+PCC 90.98 91.20 91.07 95.39 91.01
CWT+PCC+MHCA 91.40 91.53 91.43 95.68 91.46
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Ro ERATRSEFMEMEAXNMREER A%

FHEALS 73X | Accuracy | Precision ki Specificity | Sensitivity
Score
MHSA 91.26 91.31 91.34 95.61 91.42
Co-Attention 91.25 91.29 |91.33 95.61 91.40
SE 91.12 91.25 |91.23 95.53 91.21
CBAM 90.85 90.99 | 90.94 95.40 90.96
MHCA 91.40 91.53 |91.43 95.68 91.46

RT TRAEEDLER
¥

1

ik Accuracy | Precision Specificity | Sensitivity

Score
CWT-CNN™ 91.26 91.51 [91.39| 95.61 91.39
CNN-Bi-LSTM"® | 87.43 87.64 [87.56| 93.69 87.66

CE-stSENet™! 88.18 88.37 [88.27| 94.03 88.24
MRCNNP® 89.78 89.97 |89.76| 94.89 89.71
MASF?"! 84.71 84.88 |84.70| 92.31 84.62

ARSI | 91.40 91.53 [91.43| 95.68 91.46

5 ZHig

AR SCAER XTI R LA i R AR T L R AR R &
PRI T —Fh 3 T 22 3k 22 ST 2 S pL i il 22 4k
FEHE BT 2 SR IR TR | e 3 N AR X
3ok i FEL A5 5 25 8 P 2 PRI 4 3 T R AT B R R
JZ CNN $5 B A5 3 5 AiE | ) Bt D A ) i 348 92 4
WA AR B A H EZ LN ERE 42
Jah 32 ML A I 2% = A i 13 A A ) S 0 i i
H SRR SRR L R = 2K T 2k 26
YHE B R i 5 ] 3K 92.49% , HAR IR R B9 e MER RO
98.39% , H. 2533k 114 filt 52 56 4iF 52 7 1 1) 8 12 22 4 B FN
22 3¢ 38 S 7R S AL AR AR ) 1 (] BTk . AR SO
ol 10 FEL A 5 0 TR B A A5 B8 IE , AN AR I AR 19
PEAET AT T[] E S 48 7% 0 1) 9 2 AR BRI
BEE T LA

Sk
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