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Automatic Sleep Staging Model Based on Multi-head Self-attention

WEI Wan-Xin, ZHU Jia-Peng, ZHENG Jing-Ren, PAN Jia-Hui
(School of Software, South China Normal University, Foshan 528225, China) .

Abstract: Sleep staging is highly important for sleep monitoring and sleep quality assessment. High-precision sleep
staging can assist physicians in correctly evaluating sleep quality during clinical'diagnosis. Although existing studies on
automatic sleep staging have achieved relatively reliable accuracy, there are still pfoblems that need to be solved: (1) How
can sleep features be extracted from patients more comprehensively?(2) How can effective rules for sleep state transition
be obtained from the captured sleep features? (3) How can multimodal data be effectively utilized to improve
classification accuracy? To solve the above problems, this study proposes an automatic sleep staging network based on
multi-head self-attention. To extract the modal characteristics of EEG and EOG in sleep stages separately, this network
uses a parallel two-stream convolutional neural network structure to process the original EEG and EOG data separately. In
addition, the model uses a contextual learning module, which consists of a multi-head self-attention module and a residual
network, to capture the multifaceted features of the sequences and to learn the correlation and significance between the
sequences. Finally, the model utilizes unidirectional LSTM to learn the transition rules for sleep stages. The results of the
sleep staging experiments show that the model proposed in this study achieves an overall accuracy of 85.7% on the Sleep-
EDF dataset, with an MF'1 score of 80.6%. Moreover, its accuracy and robustness are better than those of the existing
automatic sleep staging methods. This indicates that the proposed model is valuable for automatic sleep staging research.
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O FEETH: [ HRE @R AT H (2022KTSCX035); %K B AFHERE 4T ETH (62076103)
WA ] 2024-03-23; A& B [A]: 2024-04-16; K FHIS [A]: 2024-04-29; csa 7E£8 Hi RIS [7]: 2024-07-24
CNKI %% & K I ] 2024-07-25

132 Z4i# % System Construction

© EREERREST  hup/iwww.c-s-a.org.en


mailto:panjh82@qq.com
http://www.c-s-a.org.cn/1003-3254/9624.html
http://www.c-s-a.org.cn/1003-3254/9624.html
http://www.c-s-a.org.cn/1003-3254/9624.html
http://www.c-s-a.org.cn/1003-3254/9624.html
http://www.c-s-a.org.cn/1003-3254/9624.html
http://www.c-s-a.org.cn/1003-3254/9624.html
http://www.c-s-a.org.cn/1003-3254/9624.html
http://www.c-s-a.org.cn/1003-3254/9624.html
mailto:cas@iscas.ac.cn
http://doi.org/10.15888/j.cnki.csa.009624
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F %5334 9

http://www.c-s-a.org.cn

i H AR SN A

1 WHRE 5

PEARAE N B0 b B4 T 1731, 2 AR B A
VN bad i o R TR SR ] 2 S NG 2 EN
JREAC B BIR ) 1F FIY, 76— s P2 LR e R RIS o
PR AEBENLRE I 3N, SR AE H A6, AR e hs ok
R, 7 5 T BRI 2 N\ 8 S0 B AR
FIE, B A, BF 7 W MR PG A S M N 2K
it Ao, AR (KR 7+ 3 2, T AR A3 32 DA
HEE S5 2 1) — 0 A ) M 3R, 2 MR AR 5 = 7F 7 )
FEAHE, B 5 S — F 4 (1) BE AR SR R A B2
Wi 4 4 3 T I 5 91, BT BE 1% I 03 J 40 R rp R R
& A M IRAR 2O 20 B R R IR B, DL R 12
Db I S o 7 ) . R T A% 49 1) IR 2 39377 9% 3 AR
ol A HIRS = 22 7 SR N i 14 5 ACEAT IR 7
1, BRI WL REAE A, RORAK, 2 5 SZBIFMH
SO BRI, ANE R TR R R AR, X
%EPF??}E?‘:T?%Eéé?ﬁjf%&ﬁ@ﬁ@%ﬂﬂ‘%%& AT P
MR 7 TR (R 75 3K DA 1 2 v G 73 390 ) 4 i 5 A0 2
2R, 38 FIHLAER 2 29 ANER P 25 ) S5 AR SEBLN S8 MM
A BT 5 R BRI 23 J 2 — R R O 3 FERLAR 4
o, R ENEBAE S RG] AR DL S SR 2 Ry
fiE Hh SR AR 15 5 AORFAED, b 4R I R M 50 o
FORBG, I HOIR B E 4 10 B 3h 7 IRCR, IEBU Ry
E 2 18] B2 %2 FAMU SR, 78 24 A1 () R AR 7 391430
IR, JRBRCE FH ORI SR B e BAR R AR A, XL
a5 IR LA — 2D R I OGBS . R LE 2, IR
JEE 2 5] VLK SR AE S B BE 0 Je B A (0 A1 3

TR S SRR AL RE % E Bl IR il O 5 BB 2 1 MR R R A1 |

SEE It 1 01 190 4% 4 T 4328 S5 o 24 BEE RIS B 11 4
S S R VR I 25 S S0 P M e b 7
FE 5, 3 ELUAR T2 AIAER I 18] RURS /g 56 B2 g
TZ . L R AR AT TR, (E 2 % Rl i bk R
R 5% 51 RRLRY ) L A P A 4 o AR T 2 03 34
SR B AR RS A 0 4

T R F R, ASGEI CNN. £k HEE S
LSTM A1 45 2, I S 45 85 190 24 B8 100 145 4 17 5 A
N Sk R AT LR SO ST N, 8
i LSTM, 12573 B — /™ 05 4 00 4 25 HH1E 2 191 1)
S AR A LA S A [ MR B 4 Jo 2 e 5 L
WL B BRI R 2 3k FE R ORI T R B A
JR ., i LSTM $2HL T F5 51 ()5 A 4E, 147551

RFE SRR 7 BE AR L B i LA B 7R 70 SR AR HE AR 2.

2 WHFEHVIR

(1) KT AR 7 3 I F 7

% SHEAR K (polysomnogram, PSG) J& —Fl AE % K
£ 2 P AR B S I MEERR I % &, BLFEGF E L BR R
Bl UL e 4%, BEAR S 7 & SRR FE 1968 4F HH Rechts-
chaffen %5 A\ 32 H I 52 FIFE 7T (R&K)!BLTE 2007 4
1 9 [ BRI PR 27 2% (AASM) 3 R&Kb kAT U1
S K PSG A L 30 SRR 4 BUREIR B
B, BN PR R 50 ). 6 R&K B, ERR B ) 4
IR W) Bl (REM). S ek I 3 39
(NREM) i 3 EL A5 7R 7 BE A4S E (9B B, NREM
BRI oy R AR L G ) N1, N2, N3, N4
X 4B B, AASM X R&K bR E T 1584, ¥
NREM HEAREYT B N3 N4 & 9F, & OISR ER, IF
FEAFE B 12 3h 1 B B0 g B AR BT BB B AR 48
H BT AASM X HEAR 70 #1 )An ifk, BERRPY B = 2R
W. NI. N2. N3. REM iX 5 PN B¢

(2) KTIRFE 2 2 28 X 245 11 B IR 70 BT

T BEERR 20 9 A, b 428 DX 26 78 B 3 g P 5040 1) e
AR 73 JAAIE 5 A o R TRV, st X 48 [ Bl 3 U LA
) I R A E S 1 75 AR A TR B B, — R
%T/\Iiﬁﬁ‘E/‘J%ﬁﬁﬁ?iﬁﬁﬁﬁ‘f\%ﬁ%E‘J%”ﬁ, H7E
S AE SR H (X 23 2% Ao B A BB 1) 2 S5 LA B it e 2K
RSP ) e s LA R 3 394 o s 4 1
FI 0. S P 4300 T I L 125 2 10 28 9 2 BF 9T
I T P 910 25 SR BRI, 53 09 1 B 00 2% 55 i 220, Zhao
2 NAE 2022 4E ¥ it T SleepContextNet f 25131 5@ it
JH I 7 [B) 9 7 70 VR I FLAS 5 B SRR AEE, fEH LSTM
2 KT (B T A, 4/ 3R T KRR 25 B R
P 7B R PERE. 7EVF 2 BE AR P AREAE N1 IZRAT
17 R B, B2 AT 1R A DA R SEBR . . Lu 28N
T T A B R A B R AR AT A AL 2, R AR
T TinyUStaging RERR M A, 740448 A R A7
HIZ AL, (B TR BEAREY B A W, S35
BEARIIF3) 50 FUERR 2T B, NS APl N1 AP Al
] i, Supratak 2 A\7E TinySleep! Vi # H T R A X
A0 S R 1) R, K R D B N1 2RO B AT
B, 35 T N1 AR B UEmf R &P LR A 7, sl
TE A FEAE 5 PR R 23 ) 5 8 A 0k B e I HE A 3R,

System Construction &t 133

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2024 4F #3533 % H 9

AT NT AR 73 S H R 2 By, AR, RERR 4 S R B 7T
I 5 2 R A I 73 JA 45 SR AR RS e T AE R FR 43 S R
K 2 A5 B 4 B8 SR IDUEE 22 15 R HIR B BORH 5% R &%
REAEDY, AT A 2R AR 73 1. Pathak 25 ATE 2021 4E
Seth 7T 2 BER VT 73 AR FE 2 SRR STQS, 3
R 3 RS i L & (EEG). HEHLIE (EOG). WLHL K
(EMG) 1E BRSO, SR AR ERf 220k B T 85.5%,
HH T N1 JF0 REM 1 8 ik B 45 5 AH L2 B STQS 1E
7328 N1 W HERG 2 8K, T REM BT 7] LLid i EOG
1 EMG [FIRFIE D 40 245207 Phan %5 A 7E 2022
T SleepTransformer!™, 383 F| ] Transformer
WAL 2 SKIE R T I BE R TR R ) o A
AR 73 AR Y (0 W] e 1k, I 3RAS 1 i 1) 70 R HE R 26
Fu 5 NS 17— Fh kT I (7)1 f A R i 70 1 B s e
I 3~ SO0 i o 42 X g A 7R U1 5 ik SO 45 A R B
F= 5 1 R 73 0 22 S AR, #%ﬂ%%% ERES=wakIkl
SRR TR AR &R, WRIE 2 ANSR AR LR
R, AR B = 1A B T 86.64%, H i 1A AIPERE. Li
2 NAE 2023 4E32H T GAC-SleepNet, it B L 15
45 e RIS 55 R P X 45 e B 4 T R A B R B
(IRFHE R, S5 T 0 4 70 AN [ AR B B 1 2 > i ) A
X N1 I 3 S UERA 22, I H X5 R A5 2R 7E IR 7 1)
ol S R SRR S G

BT BRI, 2 A BEHR 2 B 7 VR Re S A R
e FEE AR 2 U PR R, 9 L OUZ g ) 4% 7 B IR 5 1 o 11
RILEINALT5, Aei8 58 b Hh 2 I 2 B HdE A 2L
FRAE, HBF FUIEAEAERT 2R R AREAIE 1 B2 BRI A 2

A R PkbL. 2k B S LSTM KR AE TS, |

HETRY B T U EL 1 1) 4 R LR AR U L, 4
CNN 35 B0 2 9 4 SR GE, 3 LI LS A o 2
4 g PR RS TR) 1 ST 5050 3 R R R 5 R 1A 31 82% B E
B ME4h, 5T CNN A LSTM % BILSTM (1% 31k %
FIHURIE ST A I 43 BT ST A 43 2K S A 22 4 45 o
JRR, Xt 51N 2 Sk B AL SO BRI
HEI R 1035 90.76%, 155 2 Sk 2 A7 WL 7
Fenth FAERR RS T 0.8%. K, AT LUK BLE T CNN.
% Sk 3 B T HLAIAD LSTM £ 50 26 B -4 4 4 2
L E R T CAR. A CHR T —RE T 2 k E E
357000 2 B 1 BBENR 53 301190 4% i e R, 3 T3 — 52
Je4y KRR, R IF 4T CNN 4R IS A3 2 BE IR 4
{iE, 383 F 2 3k 1 P R A AL RN 2 4% Hg R b

134 Z%i% % System Construction

S SRR SKEUSE AR T 145 91 FAE I R/ B A
Y1015 BAR R 2 RE B () 5 4 BE AR Ak, A SCR F
LSTM T A /& BIiLSTM, 2% ] K 1] 7 41 22 8] (1) e 3 4K
WOk RRIE, R AL M R, SeBb g RN, AT
BT AE Sleep-EDF #4845 b i 8 1k 49 W 2 Ny
85.7%, MF1 4y ¥tk 3] 80.6%, 1E CNN 2» 2 R H T
K 5 TR A S /> 2 0 B B, BT P R AR T I
() {5 2 AR 43 J B

3 Wk :

7R ST M 25 B 23 ST TR
HEZR A0 1 1o R 2 1 3 AL AR: T 56
FAES ST CNN Bitle, FH TR I 2 BIARE 2
N F % e AR A b S SIS A 232 50 R
) A 8 £ J5 S8BT 125 60 1) LSTML A %550 ]
LRI 2 M2 15 S AT IR R AL. & S, S MEAS 5
B 5 S CNN 25 B0 46 (1) T A4 S0 b 3 A 7 R
. R L5 KRR AN/ R B UL AL, 28
B KA E R E S 2, o LLFIE 42 EEG A1 EOG
S5 1 T AR AE . SR 5 DU AU 3 T e v R 1
PRUEREAT LA, SN E B R SO SRR A R £
ARHE 2 A A AR . 505, B LSTM $2EUR
I PP S5, et 4 2K JR 15 S BER 430 0 45
3.1 HfEZS \

AR T IR A A H R 2 s
¥ (EEGHEOG) HIRHIE. A4 S rh s 4 N SRUE
R RV . 7550 5 ST A FIMEZS % 1 78 BR AR
BRI, 45 1 BRI AER, KRN ML
KA BRI SIS B, /M BRI U BRI
ZHIAE BARE. 3 1 EERUD, B T ARBS BE A
I Fr 47 905 ), DR A S8 EEG 43 32 B UK
N EOG (I f5. Hodx 3 B RUZ R EAR R, Fl T2
HU EEG F1 EOG HIIRZHFE. 1X 3 MNERZES N E,
HEANEREHEE 3 FERME: BRURLE, #7— LA
BEPLENE BT (ReLU) 005 LA, 25 750 J2 7 FH 72 5
| AR KL R 2 5 BT k5 4. R L, 1% EEG
JEIEA EOG @B A N 30 BRI 76{x1, x2,- -+, xn ).
S BIA4 ) CNN S i 13 76 x; TR AR U i AN REAE £, 1
THR:

f=CNNy, (x¢) (1)

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 55334 9

http://www.c-s-a.org.cn

i H AR SN A

15 = CNN, (2

~—

()
o, afp 5y HIME EEG 1 EOG AR & 6,816, %) 5]
% EEG M1 EOG [#] CNN Z:%.

_____________________________

BRI IR

1
i v ¥ i
I 3 b/ i
o bH] (500 R | [(EEGu | [ EoGi |
1 i |
[ Convl ] [ Convl ] | ? :
I + i !
[ Pooll ] [ Pooll | 1 Y i
: I
( Drofout | Drosout ) i K ’:}ai
[ Comv2 | ([ Comv2 | i $ i
T T r® '
[ Conv3 | [ Conv3 | i !
7 ! ¢ |
1
CComd ] (Comd ] | o) 5
! X
(roon ) (oo ) | |
1
(Dropo ) (Dropout J | v
| ] i
= 5
| 5 |
! J

Softmax 57 J4

1 HRAEE

3.2 ETRXEFEIER

FE bR 308 S e, X A AR A5 R H H TR AL
TR AT RilG . o1 I 8BRS 1 B S B ARD TG
AL 1) BT FE, A SAE I SRk B A Rl DU ARFAE. 177
Je ¥ S N REAEAR I, s B SR A B H AR
Tt R PIRFIE IR, B R RN 22 Sk B T R T HL R B
R,

ED NEREN WP PR L PN (11 BURS-H E30S s

3o B AR R 4 B ()T 25 1] (R 10, SRR, BL O
A7 IEAT RO FT. VK WS 0 45 SR04
3, Wﬁmmﬂ&ﬁmﬁ#ﬁ*@. AR, % Q
FK AT S BUE S, VSIS 4y, 835 i Sofimax
REGRAGTE B A BUEAERE, 15 VT SRS FR A IR
B . S T3R5 I TG B B e — ke, P2k
B . B3 AN B Sk T AT AL, B AT L)
E 7] — 6 18 6 3 B P 270 0 AR 35 4, 48 30 8 i %5
T IRFAE, A9 152 91 o AR [ B 2 1) f) 56 B0% A 28
Y, 95 S E AR A 5 AT 1) B0 A 0 AT LA
FRoaRUR:

0i=ZWCe, Ki=ZWE, Vi=ZW/, 1<i<H (3)

T

L

Vd
MA = A||A2]|--- | Al ®)

Hort, 7 € R KBERL, HERE RN, HIERE )
S BB, FoR ORI S N H AT . W,
WK, WY € ROi g MBS AL . 01, K, V; € R £
. BRI S ORUE . A, 2R 8 AN 25 13k 1
U, \
%jTUM‘Méﬁﬂnﬁ%ﬁﬁ@;ﬁ?@&}f’é%ﬁﬁﬁi, A3
et T 72 4 L N B 7 — (R 7 22
Ve, ORI R T KR A5 13 5, B 5
A i X 1 5 5 5 g, G0 L5 e 5 ) ER A
451 ReLU 03T (9 2 VEAS AL R, S HS MR A 0.1 1
FF RO A
33 FAIES

otk — 45 H B {0 T e 3R R T A,
SCR B LSTM LSRR HU R4 (T 25t b F e
o STRER O\ B B 6 47 A0 B, 480 TT D5 ) o
R AR 3 31 267, 45 3L 9 BT LSTM HO% A
T LI 3R R TR R A AR B, 501 LSTM AfTEL,
B LSTM T LU RO R T 50, 45 205 U
MU LSTM 07 BLHEIRLF B o HORHAE, BRI (5 5
FURF LR GE, 2 5] EEG A1 BOG {562 ke ] 2.2 [l g
e PRI B0 R0, R0 8 D 2 4
3B AL E T R {5 R ST TR et N MR
oy ). M x; (AL B R

<

A; = Attention (Q;, K;, Vi) = Softmax( )Vn “4)

hi, ¢; = LSTMg (hi-1, ci-1,%;) (6)

H, LSTMp AR F AL FE x; ) LSTM, 024 LSTM [ ] 2
ABH, hioy Fleioy SN B BRI S R BLDIRAS,
hi Fllc; 72 P 3 285 LSTM Ab B 1 Bt A48 A B ek
%, ho Flleo AT EE1E M0,

gt ERIIGIEHNEE, BANK A LSTM
ki AR N BB 5 ANME T Softmax J2 ik
1535, Bt R AR B BE A 402

4 SIS FISE R
4.1 BIEE

ASCAFFH B2 A L HAR 4R Sleep-EDF H4E SE 34T
7715 V. Sleep-EDF #4545 /2 Kemp 55 A\ TERFAT HEAR

System Construction &1 135

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2024 4F #3533 % H 9

HF 72 BT R AR A AR AR Y. ASHIF 704k L op 20 444
RS2 I HEAR PSG #diE. 20 44 323 #H W 25-34
%, Hoi g 10 2 551, 10 &2t B 2iEH K2 20 h
) PSG its%, RAZWE 13 A MmEERT —IK
0. AR IL T 2 IR R Fpz-Cz Al
Pz-Oz JBI&E ) EEG /55 . HEOG 185 1 EMG 15 5.
AW 52 A8 3838 N Fpz-Cz A1 HEOG. 432 1Y
W AR 0 S B R A 2 A 30 s 1R B, IR R RS
R&K FRAEF- T 501, BIZ> W L N1 #T. N2 #1. N3
B, N4 HILLK REM 1. 55 &b — R4k 2 B A G v 21
W ) B0 9 bR i 9 MOVEMENT Al UNKNOWN. AT
FUHIENE AASM FRifE, B N3 Fl N4 &8 N3, LB
MOVEMENT Hl UNKNOWN FI34f F BL. ik o i A
A, ASCE A EEG 1 EOG 15 5 3% ief 18] il iy
BRI )5 3 s TFARBENLAIN 30 s. XA vf LAF BB
RSO
4.2 RiERE 0

SR FHHER R (ACC) F1% 73 F1 4380 (MF1)
SRRl T AR AR IR . ME T SR Sk T R A T A
BEA b {0 IE R 000 A7), e 4R A T — AN %8 WA A ok
PR BRI PR BE. DA 78 43 2 RS A ) B RS By B 11 04t
AR AN B 1) B, 3 4 2 P4 P14y BOR i B AR R
fE. BEANBEIR MY BER At F1 2030 (F1) #78. BN F1
IRGES T HERER (ACC) A1 012 (RE) $6hx. FAkih,
AR INE W T

¥

c

it 1 Pi
ACC ==L 7
~ )
TP
RE= — (8)
TP+FN
2%ACC x RE
g Tkt ud Sakiiid
. ACC+RE ©)
C
P
MF1 === (10)
N

Hor, o REEIRM BRI, TP 2 BB, FN 2R
PE, TP SR ELRA T, N 2 B H IR B, F1,2
ik F1A.
43 XWWE

AW TR B VR A XA P AT AR 7 3T S 565
Sleep-EDF %4 4 41,2 20 M 5 1 sl Hidhe, PR
ASCRHAT T 20 $1A8 BRAIE. W T8 —97, i FE— 12

136 Z%i % % System Construction

W R VR IR EHE, 17 MR T4, R4
2 MR AE NS IE A

FERE ALY GRad F2 oy, ARS8 A 2 21 554 0.000 1 (1)
Adam 4L 2%, ¥ H betal 1 beta2 4354 0.9 F1 0.999.
batch_size WE A 15. X T8 —Hr 28 LI UF, )G RAF
BRI 4 4 B 6 e ALY
4.4 ERENH

A5 3T Sleep-EDF H3E £ 5 B AT 20 7
AT, 3 1 BRI A5 R AFTRRENR 5 AN B
TR R A A 45 B B A 1 T A

R B s g

S TRARES PERETR bR
W NI N2 N3 REM PR (%) RE (%) F1(%)
W 9317 582 113 29 156 88.6 914  90.0
N1 467 1507 477 19 334 489 537 512
N2 499 610 15645 587 458 889 879 884
N3 43 5 663 4991 1 886 875  88.1
REM 186 378 697 6 6450 872 836 853

MIREFEFE A LA tH, BAAE WL N2, N3 Fl
REM i E#F R B F5 1 0 JAYE RE. o, W IR 74
BERCLT, RE EAN F1{HAE 5 b i, X R WIBR e 5
AR W R AR RFE, X 5 I 8+ W
FEARK & 2 8t R R, Ak, fEIRIEFE PR n] DUE
FIBIAN N1 AR 0 Bk R 22, R 245288 N1 I
AHBARFI N W N2 A1 REM . i TR N1 0976 584 e
I 0 i — A e B, N B R AR S T
SH b BRI BB A >, MR T 2 ST GE e
2 R4 NI IV EE B Tamb 3. X A0S AF i th 22
W DLZE N2 A1 REM . K A AR s 2 411 X 45
k.

IR AR R A R, ARSI 5 M R BRAE ()
HIE AR AY HEAT EUAR, LU A R IER 2 o, R AL
131 45 B 15 & LL Sleep-EDF # ¥ 4 3 mili H &3
20 #7538 EE I ZRIP. «— A% Re F8 A 7E S5 S0k
A4 1. % 2 1, SeqSleepNet #& Phan 25 A\ P03+
RNN [ H 3 BERR 7 AR, BAE RNN DA T
EJINLEL, XF Fpz-Cz (i A5 5 3E 4T BEAR B B 73 28,
B ()7 FAER R IE 82.2%; Seo 25 NPhE T ) gk 2
P22 W 28 AL ] LSTM M Fpz-Cz 3838 # % >] epoch
F1 epoch [A] [ 795 R, 351 T 83.9%; DK &% NP
T B IR AS e 4 R 1) B BIR 7 B BY 3 4% Pz-Oz
I 1S 2 0 5 R ER F N 82.3%; Multitask CNN &

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 55334 9

http://www.c-s-a.org.cn

i H AR SN A

Phan %5 AR H (3 F CNN R4 55 2 31 BT FE
2/ 2%, BERLE Sleep-EDF $dli4E L1535 T 82.3% I
HEHf %, DeepSleepNet /& i Supratak 2 AP+ CNN
H1 BILSTM X} Fpz-Cz fixi #3838 3217 HEHR 2 3, 132111
TR FIE 82.0%. XL 2 W LAKITE, A SC IR 7Y i A
RES R, MF1 228055 80% LA L, 1t B AR Y 1y 432K
PERRIE . 5 00 43 S 4 SRAE FLAthon] b A Y ok 1) i
£, Ho W I F1 38083 90%, N2 BAFI N3 B F1
B 5F) 88% LA L, REM HIH) F1 o it 85%.
X TFREARBCRRD P NT W, 5 P AR
H 4.6%-19.7%.
2 BT Sleep-EDF A 4 R L AR (%)

A ACC MF1 FEEIRAT M F1H
W NI N2 N3 REM '
SeqSleepNetm] 822 742 i W _© o —
IITNet>” 83.9 77.7 879 447 88.0 857 82.1

CNN-BiLSTM-Attention”" 823" 742 86.9 31.5 87.2 84.0 813
Multitask CNN™H - 5823 738 774 40.6 87.4 86.0 823
DeepSleepNet™”! 82.0 76.9 84.7 46.6 85.9 84.8 82.4

N i 85.7 80.6 90.0 51.2 88.4 88.1 85.3

2 R 3 D R T 45 SR AN ST 45 RIS
PO JHrb, B R ) 300 0 (0 I 18] B Py, A TR 3000 445
RN AP 45 REEA — B U WA SO HE B R 8
. FE MR AR 0 (0 I SR i B, A8 2R A 18 i S 000 S
IR, AT AR TE S TR 6 Ak e MR I8 I S F 70 SR
22, X ] RE A R A T I R AR A TR I A7 AR LA
HEEFRS P 390 P05 P, R DAIX 7 Xt O AR S ik —
AR TR T 7.

REM ¢

NI |
.| I

12 3 4 5 6 7 8

IR TH] ()
K2 B0 HEs R AHE

4.5 HRASELG

S IE AR SR RN 2 B 5 5 1A AU,
AL T LA Sleep-EDF #di 45 A FEAt, # H Fpz-Cz
A EOG 8 HRE Y 8 R S5

(1) EOG: A4 52l — /> JLd ) CNN 43 3¢ 45 14 il
— AN LSTM 4RI St VR & 4%, 9F B HU N
EOG 5 5.

(2) EEG: #A 5L EOG A4 A B A A [F], 155
ANf55 N EEG (5 5.

(3) EEG+EOG: ##! 5 LI EOG {5 5 M A\ KA
HIF, (HH NS5~ EEG Fl EOG. 5 45 It ) fih K
7 BRL (1) T B

(4) ARSCHER: ZAE AL L) EEG Al EOG {55 v
NIEERE E RN T B RS S e

k|
REM \ : :
\ '
) | ! i
¢ N3 51 ' :
. H | E
= a
z N2 1 1.
e i I
NI H i
w ‘

1 2 3 4 5 6 7 8
IF A (h)
3 T g S AR

WP 4 fizs, [FHEH EEG F1 EOG 15 5 [l A,
HUER TN MF1 5338055 7B 3] 84.4% 1 78.7%, FHAER
FAUA#H BEG 5 5 I AL, ﬁﬁﬁaﬁféﬁﬁ%ﬂ%ﬂ?
4.5% A1 3.5%, TAHETOUE M EOG {55 HHAL, 015y
RUBTF T 560 Ml 58%, i AR 953 ). SRAIXLE
iﬁﬁ\ﬁﬂuﬁﬂﬂ%ﬁa EEG Fl EOG HIHHIE, £ 2034 58
BT E) 73 IS B8 I R B — RS TE AN ) (1 B AR A
BT RER I HH AR LRI ARFAE, BERAG T A2 43 2K Mk . 1 i
k4G 2R, WA AT DA SRS RS TE AN [R] B 1] B i) L
AMRFAE, W7E N1 B, BEARRFAE LKA & EEG 1
18R 5 EOG. i il I 2 BLAS (5 B vT LA R PRI At
AN B . Ak, A SO T 5 H A I 2R A
MF1 50505y 54 85.7% F1 80.6%, 51X {# ] EEG A0l
EOG 155 B RUAH LG, XN FEFR 20 32T+ 7 1.3%
HT1.9%. XL GI N E T S8 SRR A A A5
BIVERE. X2 FONTE M, 2 AFEIRFEET
K AR AE R IA, 2 AN 2 3k mT DL Il B S 1
Z FPRAE, Bk 22 ARG NG BRI B> T 15 B4
K. P B SL R AT bR SRR T T LAY 4y 2
HEH .

System Construction &t 1L 137

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

2024 4F 55334 9

100
80 |
—~ 60
x
Fon
= tZZJEEG
40 E=EEOG
C—JEEG+EOG
AT
20
0
R MF1
Kl 4 WHmhszIest b

5 dighHREE

ASCET EEG M EOG #u¥fs, BLit 17 —Flist T2
Sk BV D O R R 23 SO R e AT AN (LR B A 24
A ﬁl’]‘ﬁﬁiﬁﬁﬁ‘]ﬂﬁf%%ﬁ,!ﬂ\ﬁﬁ?ﬁ?)\?ﬂ%ﬁj@é\ﬁ
AV B 42 5 3 HARPAIE DA B MR HROR 25 e RN Sz s 4
RTR, FEA A4 Sleep-EDF L (1), LY fry vk f 5
i 85.7%, AHECT HAh R S MR 7 IR, JE Bt B vy
OHERVERIE R TE. BEAT, SREERIGIE | 2 B HR A
BRSO O AR Gy S e AR THE . L0 K
HERTELRF TN, AEBN TR TR, #
B AATSE R At 5 A AN 23 ST AR A A . i BEROR, AT
U Gk S IR AL IR FEE 2 S 1E R IR U K S, 800 T4
AR TR0 R AR 0 RS AR IRE 7. [T, 384 5 Hs
FREATIE RS 2 21, BT RIRBRehs 8 3 i el b, DA
WO R BERS (6T IR ZORT I T RE .

sEXH L -

1 Boostani R, Karimzadeh F, Nargli M. A comparative review
on sleep stage classification methods in patients and healthy
individuals. Methods
Biomedicine, 2017, 140: 77-91. [doi: 10.1016/j.cmpb.2016.
12.004]

2 Ma YJX, Zschocke J, Glos M, et al. Automatic sleep-stage

Computer and Programs in

classification of heart rate and actigraphy data using deep and
transfer learning approaches. Computers in Biology and
Medicine, 2023, 163: 107193. [doi: 10.1016/j.compbiomed.
2023.107193]

3 Buysse DJ. Sleep health: Can we define it? Does it matter?
Sleep, 2014, 37(1): 9-17.

4 Zolfaghari S, Keil A, Pelletier A, et al. Sleep disorders and

138 #4i % % System Construction

foe}

11

12

13

14

mortality: A prospective study in the Canadian longitudinal
study on aging. Sleep Medicine, 2024, 114: 128-136. [doi:
10.1016/j.sleep.2023.12.023]

Hu YD, Shi WB, Yeh CH. Spatiotemporal convolution sleep
network based on graph attention mechanism with automatic
feature extraction. Computer Methods and Programs in
Biomedicine, 2024, 244: 107930. [doi: 10.1016/j.cmpb.2023.
107930]

Yue HJ, Chen ZQ, Guo WB, et al. Research and application
of deep learning-based sleep sta%ing': Data, modeling,
validation, and clinical practice. Sleep Medicine Reviews,
2024, 74: 101897. [doi: 10.1016/jsmrv.2024.101897]

Dong H,“Supratak Ay Pan W, et al. Mixed neural network
aﬁproachA for temporal sleep stage classification. IEEE
Tr;nsactions on Neural Systems and Rehabilitation
Engineering, 2018, 26(2): 324-333. [doi: 10.1109/TNSRE.
2017.2733220]

Fraiwan L, Lweesy K, Khasawneh N, ef al. Automated sleep
stage identification system based on time-frequency analysis
of a single EEG channel and random forest classifier.
Computer Methods and Programs in Biomedicine, 2012,
108(1): 10-19. [doi: 10.1016/j.cmpb.2011.11.005]

Yuda E, Yoshida Y, Sasanabe R, et al. Sleep stage
classification by a combination of actigraphic and heart rate
signals. Journal of Low Power Electronics and Applications,
2017, 7(4): 28. [doi: 10.3390/jlpea7040028]

Rechtschaffen A, Kales A. A M&pu\iﬂ of Standardized
Terminology, Techniques and .,Scori‘ng System of Sleep
Stages of H\ur&m Subjects. Los Angeles: University of
Caklifornia, 1968.

Berry RB, Brooks R, Gamaldo CE, ef al. The AASM Manual
for the Scoring of Sleep and Associated Events. Darien,
Illinois: American Academy of Sleep Medicine, 2012. 7.

Sors A, Bonnet S, Mirek S, et al. A convolutional neural
network for sleep stage scoring from raw single-channel
EEG. Biomedical Signal Processing and Control, 2018, 42:
107-114. [doi: 10.1016/j.bspc.2017.12.001]

Zhao CH, Li JB, Guo YH. SleepContextNet: A temporal
context network for automatic sleep staging based single-
EEG. Computer Methods
Biomedicine, 2022, 220: 106806. [doi: 10.1016/j.cmpb.2022.
106806]

Lu JY, Yan C, Li JQ, et al. Sleep staging based on single-
channel EEG and EOG with tiny U-Net. Computers in
Biology and Medicine, 2023, 163: 107127. [doi: 10.1016/].
compbiomed.2023.107127]

channel and Programs in

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1016/j.cmpb.2016.12.004
https://doi.org/10.1016/j.cmpb.2016.12.004
https://doi.org/10.1016/j.compbiomed.2023.107193
https://doi.org/10.1016/j.compbiomed.2023.107193
https://doi.org/10.1016/j.sleep.2023.12.023
https://doi.org/10.1016/j.cmpb.2023.107930
https://doi.org/10.1016/j.cmpb.2023.107930
https://doi.org/10.1016/j.smrv.2024.101897
https://doi.org/10.1109/TNSRE.2017.2733220
https://doi.org/10.1109/TNSRE.2017.2733220
https://doi.org/10.1016/j.cmpb.2011.11.005
https://doi.org/10.3390/jlpea7040028
https://doi.org/10.1016/j.bspc.2017.12.001
https://doi.org/10.1016/j.cmpb.2022.106806
https://doi.org/10.1016/j.cmpb.2022.106806
https://doi.org/10.1016/j.compbiomed.2023.107127
https://doi.org/10.1016/j.compbiomed.2023.107127
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F #5334 H 9

http://www.c-s-a.org.cn

i H AR SN A

15

16

17

18

19

20

2

—_

22

23

Supratak A, Guo YK. TinySleepNet: An efficient deep
learning model for sleep stage scoring based on raw single-
channel EEG. Proceedings of the 42nd Annual International
Conference of the IEEE Engineering in Medicine & Biology
Society. Montreal: IEEE, 2020. 641-644.

Jiang DH, Lu YN, Ma Y, et al. Robust sleep stage
EEG
multimodal decomposition and HMM-based refinement.
Expert Systems with Applications, 2019, 121: 188-203. [doi:
10.1016/j.eswa.2018.12.023]

Pathak S, Lu CQ, Nagaraj SB, et al. STQS: Interpretable

multi-modal spatial-temporal-sequential model for automatic

classification with single-channel signals using

sleep scoring. Artificial Intelligence in Medicine, 2021, 114:
102038. [doi: 10.1016/j.artmed.2021.102038]

Phan H, Mikkelsen K, Chén OY, et al. SleepTransformer:
Automatic sleep staging with interpretability and uncertainty
quantification. ~ IEEE
Engineering, 2022, 69(8): 24562467 [d(‘)i: 10.1109/TBME.
2022.3147187] '

Fu GD, Zhou YY, Go;g PL, et al. A temporal-spectral fused

and attention-based deep model for automatic sleep staging.

Transactions. on Biomedical

IEEE Transactions on Neural Systems and Rehabilitation
Engineering, 2023, 31: 1008-1018. [doi: 10.1109/TNSRE.
2023.3238852]

Li TX, Gong YL, Lv YD, et al. GAC-SleepNet: A dual-
structured sleep staging method based on graph structure and
Euclidean structure. Computers in Biology and Medicine,
2023,165:107477.[doi: 10.1016/j.compbiomed.2023.107477]
J R, fLFF5, HAREE, 45, 25T CNN Al LSTM 1) £ i
T8V B I SCAR 23 SRARTY . TR L L AR 5 R, 2021,
57(23): 154-162.

HBERER. T 2 R WL BIGRU-CNN SCA T 7 |

Mr. HHEHURE S R, 2022, 12(1): 123-134.
Zheng YB, Luo YY, Zou B, et al. MMASIcepNet: A
multimodal attention network based on electrophysiological

signals for automatic sleep staging. Frontiers in

24

25

26

27

28

29

30

Neuroscience, 2022, 16: 973761. [doi: 10.3389/fnins.2022.

973761]
Kemp B, Zwinderman AH, Tuk B, ef al. Analysis of a sleep-
dependent neuronal feedback loop: The slow-wave

microcontinuity of the EEG. IEEE Transactions on
Biomedical Engineering, 2000, 47(9): 1185-1194. [doi: 10.
1109/10.867928]

Wong TT. Performance evaluation of classification
algorithms by k-fold and leave-one-out cross validation.
Pattern Recognition, 2015, 48(9): 28.}9—2846. [doi: 10.1016/
j.patcog.2015.03.009]

Phan H, Andreq'tti F, Cooray N,%t al. SeqSleepNet: End-to-
end hierarchical ‘recufrent neural network for sequence-to-
sequence “automatic sleep staging. IEEE Transactions on
Neural Systems and Rehabilitation Engineering, 2019, 27(3):
400-410. [doi: 10.1109/TNSRE.2019.2896659]

Seo H, Back S, Lee S, et al. Intra- and inter-epoch temporal
context network (IITNet) using sub-epoch features for
automatic sleep scoring on raw single-channel EEG.
Biomedical Signal Processing and Control, 2020, 61:
102037. [doi: 10.1016/j.bspc.2020.102037]

R, TA5, &dh, & GG RS H R U IR B B IR
WRR . B TR S ¥, 2020, 41(10): 2878-2883. [doi:
10.16208/j.issn1000-7024.2020.10.030]

Phan H, Andreotti F, Cooray N, ef al. Joint classification and
prediction CNN framework for autc\)matic sleep stage
classification.  IEEE
Engineering, 2019, 66(5): 1285-1296. [doi: 10.1109/TBME.
2018.2872652] |

Supratak A, Dong H, Wu C, et al. DeepSleepNet: A model

for® automatic sleep stage scoring based on raw single-

.- ¥ \ . .
Transactions * on  Biomedical

channel EEG. IEEE Transactions on Neural Systems and
Rehabilitation Engineering, 2017, 25(11): 1998-2008. [doi:
10.1109/TNSRE.2017.2721116]

(B e FhEHE)

System Construction R4 % 139

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1016/j.eswa.2018.12.023
https://doi.org/10.1016/j.artmed.2021.102038
https://doi.org/10.1109/TBME.2022.3147187
https://doi.org/10.1109/TBME.2022.3147187
https://doi.org/10.1109/TNSRE.2023.3238852
https://doi.org/10.1109/TNSRE.2023.3238852
https://doi.org/10.1016/j.compbiomed.2023.107477
https://doi.org/10.3389/fnins.2022.973761
https://doi.org/10.3389/fnins.2022.973761
https://doi.org/10.1109/10.867928
https://doi.org/10.1109/10.867928
https://doi.org/10.1016/j.patcog.2015.03.009
https://doi.org/10.1016/j.patcog.2015.03.009
https://doi.org/10.1109/TNSRE.2019.2896659
https://doi.org/10.1016/j.bspc.2020.102037
https://doi.org/10.16208/j.issn1000-7024.2020.10.030
https://doi.org/10.16208/j.issn1000-7024.2020.10.030
https://doi.org/10.16208/j.issn1000-7024.2020.10.030
https://doi.org/10.1109/TBME.2018.2872652
https://doi.org/10.1109/TBME.2018.2872652
https://doi.org/10.1109/TNSRE.2017.2721116
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 研究背景
	2 研究现状
	3 研究方法
	3.1 表征学习
	3.2 上下文学习模块
	3.3 序列学习

	4 实验和结果
	4.1 数据集
	4.2 评价指标
	4.3 实验设置
	4.4 结果与分析
	4.5 消融实验

	5 结论与展望
	参考文献

