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Online Real-time Sleep Staging System Based on Dual-channel EEG Signals

WU Li-Zhu, LU Yi-Hong, ZHENG Zi-Ye, PAN Jia-Hui
(School of Software, South China Normal University, Foshan 528225, China) \

Abstract: Sleep problems are becoming increasingly prominent in contemporary 'society. Timely#detection and evaluation
of sleep quality can help diagnose sleep diseases. In view of the uneven developn!lent of sleep monitoring products on the
market, this study builds an online real-time sleep staging system based on dual-channel EEG signals, which uses the
third-party interface brain ring to obtain EEG data, and the study combines with a CNN-BiLSTM neural network model to
realize online real-time sleep staging and music regulation on the personal computer (PC). The system uses the algorithm
model based on both a conyolutional neural network (CNN) and a bidirectional long short-term memory (BiLSTM) neural
network to automatically extract features of EEG signals. CNN can extract high-order features, and BiLSTM can capture
the dependence and cc;rrelation of data before and after sleep, which makes the accuracy of sleep staging higher. The
experimental results show that the proposed algorithm model achieves a staging accuracy of 92.33% and a Kappa
coefficient of 0.84 in the four-classification task on the Sleep-EDF public data set. The real-time sleep staging function of
the system achieves a staging accuracy of 79.17% in a self-collected sleep data staging experiment, with a Kappa
coefficient of 0.70. Compared with other sleep monitoring products, this system has higher accuracy in sleep staging,
diversified application scenarios, and strong real-time capability and reliability. Besides, it can regulate music for users

according to the staging results to improve the sleep quality of users.
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“THURNBE 424, F G0 0h 3047 S e D0, o H 50 £ ]
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DX 35RCRE S 72 Ji50 R P ST IR SR 5 B £ Y o R, O A
MR 0 S5 153 DX SRR I8 7 P 54 I i Ak R B RROIR 2,
T ARG L.

P B SR e, 7T DA s b i 3 45 (X )<< 45 AR M IR

Fll, RGN A AR IR AR AR 5, FH P AT e i
AT DX (1 R R AT 75 P T b A 2 R B AT 755 VA7 it i
TR,

(2) HEE AR R 75 A5E

FEZAE A, FH P AT DL B — YRR HR 1) 91
Ve, R GUH AT 26 B TG 300 F P R B VE 40 1Y)
RHERR 10 5%, 7 D0 1T A5 O S5k 7 P e — R B IR (1) e
IS 43 R I IR . 76 77 St MR T 53 X3, R G0k 1
FURBLE 7 R EEIRE L A6, AP RIE 7 R
(1 B R K R 8 B B AR 5. 573 4, P AT DA e
B2 i, Bk 2 mEIRIC S, AER S TS
F0 7 st BRI S g 9
4 SIS AHT

IR ST S U6 S B B N Sleep-EDF U3 4 Al
10 /M FE LA N R A2 REIR K4 . FRAT1R A Sleep-
EDF ¥R E AT BRI 25, SR, R
HIE I 7 300 PR MR 26, 0T SI2 86 285 R EAT 4 28 IR EE.
Fiah, ATRET 10 48 FE S A i BERR A 3047 75
2 SIS R AR 43 A S 56, b — 45 B0 E SR AR A (Vv AL b
5 RG] S
4.1 Sleep-EDF iz RERRE f R S000

(1) Sleep-EDF %4/ £ 14 74

Sleep-EDF*) J& — A5 MREAR A 7 1 A S H 4K, |

ZHHE 422 Physionet MIT-BIT ZE #1455 FE b (1) — A
{5 . Sleep-EDF ¥o4E (55 T, 197 % SR
i3k, MDA T R FEIR K EEG %, R
FESI A 100 Hz, BLETH W1 105 SMEIR A0 145 3,
T4 R R MEIR L e B BRI BERR T (UL SC T
k) AR i AR R A B PR REEAR 1 53¢ (LA ST IF2K).

(2) S5 IR

TEA RSB eh, AR Sleep-EDF H4it 45
N T £ B B 00 P 15 5 0 0B AT 43 0BT 9. JRATT AN
Sleep-EDF #5458 it L 1 100 ZH B AR, A FH #cdhs
4[] Fpz-Cz il Pz-Oz WA i 38 10 Fhy 504 1k 47
50, TE MBI R P AL 30 s kY4 A — AN IR AR A A 26
JC, 1% FARE R&K B HEAT 40 MR, X 2e(3 5

HHEE T 6 NBEIRK B, FA1 0% 6 ANBEAR H
Bosr 4 2%, Joh WAREIE BRI, S1 A1 S2 0 ki
#, S3 F1 S4 ARFIRHEIA, R AR PLER 38,

FEA S, AR HL Sleep-EDF #4274 80%
FO B 1 A 0 8 0 5 2 ST, 10% [0 $EH 24
PRI I 4 T A R 5, 10% FRHR R Jo iR Sk
B BT [ 95 28 R 5 B0 0\ 80 AR SO S 1 BRI 43
1A SEJE, B RO BAL . U AT HREL . CNN-
BILSTM #1046 AT 11 205 GEJRHL 5 4 245 5 18,
i 41 A TR S DR 43 3145 S St B R 5 % ke L
FOMEAR 73 95 SR ATt L, S AR 22 e

(3) P T i

JeATAE ST R — R PR BB AS S 7 0, 3 P ok
SRR (903 AL R RS, TIE R T 2 MR 45 01450
B, RS 10 738 R AEEKAE . 7E & 3750
SHE T, S KR A SR I kAT
SR ARIRIE T3 kAT, 8 VG 5 406 24 BT T4 1E A
IS RIS RO RE J1, Ho 4 TSR 1 9 VI 24 Sk
YRR I L3 I3 B 7 i R TR
ST, S5 TR & YRS TR RR B, 0%
ST ISP BETIZ 1k B 5 2 3 A

23 P L R o AT 4 B 4T B VAR
W AT RS B R (PR). #4181 (RE). Fl-score
(F1). SEHERE (ACC) F Kappa 2% (Kappa) K iT
B P A, SR

PR= —LF 7
" TP+FP
TP
RE = ®)
TP+FN
2XPRXRE
Fl=""29-""<2= )
PR+RE
n
>ore,
Acc = Z (10)
Kappa = u (11
l_pe

Hr, TPERIR— AN E YR, FPERR— 1K
Sl AR BH Ve s, PN 267 — A 28 01 1 48 9 4 i
Po RN AR FHNE B, pe TN HIR— 1.

(4) S 25 R br

AR B H ) 5E T CNN-BIiLSTM 4 48 X 45 4
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A%} Sleep-EDF %4 52 SCHL H 2 BEHR 4 9, 4/ 100
AN SR G i FRL S o AR AT I 2 5 A, e
10 #7538 X EJ&, 5 28 0000 45 SR 1 VR 1 46 B 5 & 48 05
W 1 s,

% 1  Sleep-EDF HEEE LI 45 R

Predicted Per-class performance (%)
W LS SWSREM PR RE Fl
W 14371 200 1 38 97.86 98.36 98.11
Actual LS 210 3660 173 305 82.19 84.18 83.17
SWS 12 285 597 6 77.33 66.33 71.41
REM 93 308 1 1041 74.89 72.14 73.49

Sleep Stage

WMk 1 Pow, AEFERLE Sleep-EDF #4l4E
(1)~ 22 J A B I 7 B A 2% 92.33%, Kappa RN
0.84, 3LH, W, LS. SWS. REM MR # K 77K
97.86%-~ 82.19%- 77.33% A1 74.89%, Tfi 4 [A] 243 ]
9 98.36%- 84.18%- 66.33% A1 72.14%. F1-REWS Al
PR A e A A E%%ﬁf%%%{éﬁ?ﬁﬂﬁ%%, BRI
A AP S R T A, 4 A REBR B B R
F1 43508 98.11%- 83.17%- 71.41% Fi1 73.49%.

MF 1 T LA, AR H I BEIETE Sleep-EDF
B ST T R A Nl 4 R, o, B T
WU WO P A 2 B 1, TR T SWS HH R
REM SR 280K, HATIE A FE T, 15 AR R IRAT
SRR AL AT Bk, SR B AL AE SWS SR REM I
HER.

Sleep-EDF & H #if i FH ) 12 1 BEAIR 23 A £ 48 4,
HErCaHRZ 1 E B0 T 0 IR EEG 1) H
B WIRE T, AT RE % BI04 T Hb 23 BT AR SRS R B9

(o> A R, 22 2 XL EE R B A AR NE B MER 73 91T |

HGA 45 BT Sleep-EDF 2 $1 4035 B HE 47 4t b
ST, ST th 55 R 4 RAE IR SRR L. 93
Gl SRR WY, A SCHRE P TR 7 1 SR 4 R R M4 5
6 o AR 3 SUTHE AR 2 1T LAG 31 92.33%, Hih Kappa
FHCN 0.84, AT SR LS BAE BUA HOBF 5¢ hik
BT B IR R, X R WA SR R R B
)73 i R
TERASEATHIBF ST, SR T —Fh I T 2
B0 BRI S B R Gk, FEIRA T B v
SRTT, FRATT 200 AT I B0 4 0 BB 2 =0 3 N 8 MR R 4 i
b b4k, Phan 25 AP {8 F T Multitask 1-max CNN
RRTR o G P35 2 R P05 5 R AT 43 SRR I 43 101, o
%A 82.3%, H %7V i A 2 A IS 5, 7E

94 R4 % System Construction

S BR N AR LE — 2 FO PR Chen 25 NP2 {7 4188
2 3] 50 Wavelet+FET+SVM X i FiL{E 5 34T D0 /32K
MEAR 2> 3, 153 86.82% IR, Kappa RN 0.83;
Zhu 25 NPV - T difference visibility graphs 77923k
AT AR 23 3, 7E VU 732553 BRAE 55 HUAS 89.30% FRIHERf
KA 0.83 ) Kappa 2 %; B Mousavi 2 AU $2H
SleepEEGNet 45 284 & — Pk i (S 5 (1) H B BEAR 75
#A77%%, B CNN 5 BiRNN 2% 2H i, 15 .53 JSHEAR 4>
WIAESS o e %y 84.26%, Kappa SRA(9 0.79; Eldele
 J SR H T — o T T 0 SR A AR 43 1
(IR )8 25 1 B35 AttnSleep, 75 T 5> IBERRAT 55 h HUAS
81.30% {1 2%, Kappa ZHCH 0.74

#* 2 BT Sleep-EDF A E 4 45 Ho At SCik Hb A

SR FEITIE MEIR A #EZR (%) Kappa
. 4 (W, S1/S2,
[27]  ICA + ReliefF + SVM 90.10  0.87
S3/S4, REM)
. 5(W, S1, S2,
[28] Multitask 1-max CNN 82.30 0.75
S3/S4, REM)
4 (W, S1/S2,
[29] Wavelet+FFT+SVM 86.82 0.83
S3/S4, REM)
Difference visibility 4 (W, S1/S2,
[30] 89.30 0.83
graphs S3/S4, REM)
. 5(W, S1, S2,
[10] CNN+BiRNN 84.26 0.79
S3/S4, REM)
5(W, S1, S2,
[31]  MRCNN+AFR+TCE 8130  0.74
S3/84, R?EM)
. , 4(W, S1/82,
AL CNN-BiLSTM . 92.33 0.84
) S3/S4, REM)

%

AT, BEBUATRI DRI M DA M9 0%
17918 Sloep-EDF KR 401 B4R /R 1, 7
A, BT BT RIE Y 63T focal
loss 47K B 57T HARUES i . D4, A
{1 T SETE 1 Ml 473898 B8 5L b 0
SR, 15 BN SR BUR AL, R0
L R L PR, 470008 S 4P 158
S, G 6T, ST S WO W B . U,
ARSCHR T — AT CNN-BILSTM [f1 H 2 BEHR 55 1]
U, FRIVR R 3 517 1 S U o 10 2
FITI5 K ONN 41 U8 — MR I 45
BHAE, BILSTM 0% /1l T A REAE I 515 50
I 5 5. SRt 0 3 SR 4 55 43 20
AR 73 WA 55 Th I HER R N 92.33%, Kappa RE0H 0.84,
FUA Bl R % 572 .
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4.2 SERTRERR 4y HASCIO

(1) HREBIE VY]

H R A HEAR S0 0 G 7 44 fH HE B M R0 3 44 (ke
L, SFEER R 25 B AT BER S, E I
S AP 5 LA A B AR S ST R T e B R A
LS IG T G I S SRR HR BA B, RATAE(S 5 REE it
ITHARREE, (59 REEERIHETE, Iid T 2 ImEST
PR, REERTEZN% 1 KRG E 11:30 £% 2 RE E
7:00, V¥ HEHR R AT 7] 7 h, 04 REER A 250 Hz.
H R EMEIR L E &8 AR+ & R G FAridh
4 2K IEREM (W), PRSI (REM). RHEER (LS)
VR IER] (SWS).

(2) TEHD IR

ARSI KR 10 4523 (1 Fz-Cz fl Pz-Oz Wi

=

BB (EE
PR

18] BERIRE REARR Baegin

e

a2

SR EE SR 1 AR RN, ST 8 2
Wt — W (RN T, 3 R 4 R RGTE
52 e A5 0B 0 7 T BRI 45 25 5 T

I 3 BERR e T T LU e, A R GRS
S22 FE P O P B B, 4 150 s (e ]
] 45 3 i L 50 3 47 R RE SR L B0 B
FR . R SRE S 4 5 TR AN, SN R BRI 5 3
45 L B 5 T, NIRRT, 5 R0 4 (R A7 IR 400
T, S AL 5, 0112 4 7 g \BERRCH 35 o 22 2
P BN B P T 5 A USSR
R 17 B 42 W AT IR 0 X o, AT T4
A 1 0 AR S A B R 4 53 47 X T 5050 0,
S 7K R BRI S5 0145 S 15 510 43 8 it A7
S Ee, AT 754 0 28 26 S BARIRS 3 0 i o

ta 450

L3 R 0 5 i

-

®

) EgE Rt 0

3R T 10 A% R IR 2> 11 2 U6 45 5. M
X 10 44523 IR BRI 7 1 45 b o] DU 31, P I BEAR
I3 WAHE T 2R B = N 87.37%, AR 2 WIHERT R N
62.81%, fix =1 1] Kappa RE0H 0.78, 5K ) Kappa 5%k
9 0.46. 145 10 4432 I SLge 4558, WL LS. SWS.
REM b fi = I HE 6 32 53 301 9 85.17% 87.13%.
98.82% H1 96.64%. K& 5 Eon T 1%L 50 45 R IRIE
B, INE] S a5, ARSLIRE W, LS. SWS 1 REM
B HERR 2 58 72.19% 82.99%. 70.28% Al
88.86%. I tH FL AT 1T, A LU (11 2o AR K B2 Dy

79.17%, Kappa £%04 0.70.

5 1E Sleep-EDF %4 5 [ 3R15 1) sS40 &5 AR L,
B T 200 4 SRR A A ) 45 52 560 1 4% 1) JR B Ak, AR S 56
2[5 RS FE K T 78 Sleep-EDF _E#ET 525, &
VEAE S 23 J 5 T T2 A I R Bt . SR, S5 K&
T 100 4 %R 1) Sleep-EDF %#i S 4H Lt 570 77 5
F 10 %3230 1 B KA MR IR AR s & 3745 7 T
[ SR I0 HERf 6. FRATTIA A, B IIASE B )11 22 ) B0 S Uit
538 KGR B R Re 5 3 — DI s AL (2 1t
A, S8 R 7R 3R B A Al R R S th S e —
AT B et 7

System Construction &4t 95

© TEREBIK R

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


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

YRS N A http://www.c-s-a.org.cn 2023 4F #5324 51

1 T Y 56.64 h 82
tiszioEE R @ BRI WROKES

HSEEEIRICR

B IBRENS  EIREHE  AHBENMS FREENRHR R HRRIRENEH REELLGI S5
2022-02-27 23:55-2022-02-28 08:42 8h47m  7h5im  2imin &l  4h 31min EEH 1h 44min [ 1h 15min 23% 86
2022-02-26 23:32-2022-02-27 08:14 7h 42m 7h 11m 16min [EEl 4h 18min 1h 42min 1h 11min 21% 83
2022-02-25 23:09-2022-02-26 07:31 8h 22m 7h 31m 30min [EEl 4h 51min B 1h 08min 1h 34min Bl 15%

2022-02-24 12:03-2022-02-25 07:52 7h 49m 7h 02m 39min 3h 51min [EEl 1h 23min [EE2 1h 48min 19%

2022-02-23 11:55-2022-02-24 08:02 8h 07m 7h 28m 32min 4h 28min [EEA 1h 03min 1h 25min [l 14%

2022-02-22 11:43-2022-02-23 07:25 7h 42m 7h 03m 19min [EEN 4h 42min [Tl 1h 10min [ 52 min S 16%

2022-02-21 11:31-2022-02-22 07:49 8h 18m 7h 27Tm 39min 4h 31min JEE 59 min 1h 18min [ 13% 67

\) ==
B4 BEIRIRGESE
- &

%3 10 4ZREOSHLEE 0 e BT RIS DL ARG TN A S

Subject W (%) LS (%) SWS (%) REM (%) Average (%) Kappa M ARIEAT I I, RERE 2 UL oy Ot 0 Y OB RIR 25
DTRST Seds 0078 8 GAOEE TR0 036 e KRR T A SERRIRAR A o 0

2 77.05 77.27 \, 76479." 3 190.41 79.49 0.72 " .
3 60.60 81.19 i '93.14 8333 86.05 078 WERTE A R e M.
4 76.42 77.83 71.28 86.56 78.15 0.69 (2) 'j_éﬂ‘j‘fi ﬁﬁgﬂw EE@HRKTL\{M
o wm sess m oo sess 0% 4 2 G5 R SR BRI P b st
7 85.71 67.86 53.55 87.18 62.81 0.46 i&ﬁ%ﬁﬁﬂ%ﬁj\ﬁﬂéﬁ% Eﬂq)ﬁ E@Hﬁﬁ%ﬂf%l:'ﬂ’ %é}fﬁéﬂz
5 g0 sis s seer  war  one  OUJPER ARSI BRI, AT (R, 1
10 7256 7943 7154  89.87 78.92 0.70 THIRAEEECAE —RIE R ERIREZ L, B T
it B SRR L. IR, RGN — IR AR M 42
- . =1 MO A BRI, PG AR ARG, (R
W 1.04% 0%  16.05% DAL F BB 410 3 5 VP40, BA TR B 7 R
Y R EEGRE.
sl 1230 I K @) & B IR 5
- 6.16% 82.99% 8.51% " & _ - .
g 05 S R BT ARG KRS, T LRI P IO
2 . e 1 04 WA, BRI A RGN T 35 55, SRR HR IO . D
SWS I 134% | 2831% 03 Tl B ThaE, AP B Ok BT B IR & SR AT R
02 XA BY T P 58 I N
rem [n22 I 0 o (4) TS LG UT 3 it
2.43% 8.71% 0% . . ‘
: : . 0 NTIER P EFEH . b5 > W5 A
w LS SWS REM [BIFNKE 77, HARSER P RERE A K AT rd A FAR G, WX 1T
Predicted label BEHE SRR T RS SR WA R DR R0 B T A
BIS ORI S0 45 RN IR R P 75 007t HE ) 7 R TS AR L, (R B g (g
IR H D FERINEE.
5 g5t (5) MEHR 23 315035 1) 1) 397 7
51 RGN AAES S T 5T CNN-BILSTM (74 & 2% > W]
(1) MiMLEE B AN FH iR 1 0 2% AT HEAIR 2 3. 38 o e e B AR 6 (STFT) A1 Mel

fibi FELA 5 A T BRI 20 ST e T SR N AR B 5, B 3 PE I A TR A I F il B I, R S AR
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V] 26 AR XL i) K I T 2 A 28 ) 285 13 47 IR A8 P AR AAE B
0, A sch e & 17 E shEEIR 2 I HER R . S5E 42
TG v F i 2 BAARE R A Ll AR 2R e i FH R SRy e Y
o3 BAMERR 2 B 5, V2 AL PR RE TR AT

52 ARGclmmnig:

(1) F P AE AR SR A B, E T e i 380 B 1 52 5%
Ji R ] e 5 SO PR B v, LA AR < Lk P e A5 A
&N, M T 52 DE A IEERIR. ok 7k B A H R ER
P AR AR By, —FhETIER . BENEE S
BRI B A S, X b e X PR KA B T S
RILGR, 45 P SR — Fh s i 1) R AR A B

(2) KRR GIZATLE PC ¥y, 75 ZH 7 FRAH % PC ¥
IRSESCFE, 1E NN R PR e 532 )5 e ik F
KB APP BURAE NREF B 7 2, SRk 2 48 i A
Bz, \ -

(3) &t H AT R SRR & SR REThRE, RS R 2
ST Ak S R, IR R
I FIES 9 B 408 TR B2 ) 8 2, (EL R R T8I 2 SR B A MR R
S otor M b AT A5 3 B R, IX R S B 7R B4k SR R AN AL
L.

53 B4

ARG HT CNN-BILSTM YR A 11 28 W 48 S 8
AU SE R AR 23 AT Be 150 v, Ay B AR =07 I B A 1, 5
LT AE 22 S B REEAR 23 3, A e T 22 T B AR 7 o e RS
o 8 a0 i ARG AN I o A DN 2 P B o 1 ) R
ARSI IR, o558 R G MEAR R T RE, RAMES
SEWT R A P ERRR S, 45 HA 1 48 1) R HIR 5T =

DAk R 220 SR Bt 5 70, AR FR 48 IR 23 1

AT R B 1A B — NS BRSP4 AR S R HR 73
MRS T A B URREM R,
’ 3
S
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