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Abstract

Adequate quality sleep is the premise and guarantee for people to keep energetic during daily life.
In the paper, an intelligent terminal based on APP and cloud server is proposed. Also a new sleep
stages automatic analysis method based on deep learning is discussed in the paper. Based on sin-
gle channel EEG, the method uses the large dataset obtained by clinical polysomnography (PSG) to
model the network and is deployed on the cloud server, which can be used for automatic sleep
stages analysis. The results of the comparative experiment showed that the overall accuracy of
this method reached 77.1% and the kappa coefficient was 0.68 when using small datasets, which is
better than the similar sleep staging method based on other artificial neural networks. With the
accurate sleep staging results, the intelligent terminal can provide users with real-time brain
wave drawing, sleep quality assessment report, smart wake-up services and other functions.
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1. 5|8

A AR A A R — AR AR, FIR R AR EE RSS2 —, KIREIRA 2 2 A4
TR, IEF RO ISR o (A TR AR s I 5 vk — M/ A . BT LS 5 (BEG)
METHREMAEIESME]. BRNAERAKT R K7 R EETFIN, SIE % Mg,
BB RE 1R A P BT L A BRI F B, A0 P I G W e R PR S S E e e 42 B B, 4 FH P e, (H b T LR
IR WIER R A2, SRR A%, &5 P 8F, %I R U [2].

NKF IR BRI B R AR, RARE FRAETFRARRELE., MEEES, LRENS
MR 73 B -F 20 A I P S AR B A 50 A G0 T i FL A5 5 (T R B 20 A 5 v A BRI 72 % RN AR
% 2 T HEAR 15 M (Polysomnography, PSG)HIEHE, 44 8 56 [H BE AR % %% % 23 (American Academy of Sleep
Medicine, AASM) {1 FEHR 23 S AE I BEAT BEAR B B A . (522 SEEIRIEIN 5 1 R LSRR LB, FRIEIRIA S
MEFIGERE, X E G L BRI [3]. EANEAT R Zeo BRIk B B 4], KA HL(5 5 kAT R
A7) SR B R SR PF 20, VA e i M IR S 00 = R BB H ,  AF el T P 7 AR A A ks, [RIRE R
BT P N (1) 67 3 %

T AE R AT R D 7 it o FH B A A 08 P R RN, CRUEBEAR 2 AP AERA R, AR SCTE A i
RAEMRE P HEAh b, ST P LSTM R 2 B M REIR /) I R S8 . 1% RGUIKFEFAL APP Rl =ity
MRS58, SEHURSHERF P RERR 2 3, S B BR AR 5T 2 M 1 R R RE M BRI T e . AR R RERE Sl BhER & XX 12
TG B A5 05 9 N T BRI 40 BT ) T SR, SCRE i FH 3 i A B A o M U R 8% e e i e, L
A R AR A5, 6 kT 2 s AR R 0 8 % 1 R B R
2. BRI
2.1. It KER S

ATV R S SR 1) R

1) NIRE ARG TSR, N THEEIR 5 307 1 1 HERh % .

BEXTIZA P8, ARSCHEH T —FhiE T A ZhBER 2> 100 LSTM BEAY ., 1% 7 VA T B8 i F.(EEG)
155, Q0 A I R 2 5 BEAR S W (PSG)A5 B A R MU 250 42X LSTM #4447 2 AR, ) FH 1%
B EAT HEAREY B E 3 7047

2) AT REAE ARIEIZ S RIS BE A IR, AR B 75 B AL B IR AT B ) 2D o
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2.2. RGEM

RSB HIZ RGN E 1 R 55— 2 E & RAEH P R0k 5 5, JFIET FFT-IFFT %510
AbFE . 55 )2 A R X RAE SN BEG 5 51T H SRR 20 1, KA LSTM BLALXS b 2 Ab 45 5 1 ik
HRHIEREAT 2 202 SR B BIEAC B 5 5L, T DUF T P AR B B i) M R0 53 &2 23 #r, DA R SEIH APP
(8 e R T A .

BRI

1) RGFE—Z0FE: FHA%E. ADS1299 )7 FEMENER A% DL NRF52832 W AL FRAR05 1 o
ADS1299 35 F FIF SPT 22 14 B A 24 - IR B2 1) = 3% B0e, B R0 36 7 BLE B SCRI Y 6 -1 2 o
BHATIEAE .

2) H ORI TEEFIA =R S 8T 4. K E— 2RI EEG FHiEE S 1EAMA R, FIH
TETE = RS A% LTI ZRAF I LSTM A58 58Y,  xof FLghAT BEAR 23391, 70 45 SRA'E s B 24 o ) 42 (AL AR 55 1)
Wt -

3) B APP X P RO AN B DRSS o 43 2« HERAIR O 52 s 00 R 388 R S M R IR 55« REEFIR R
A 0,55 SE R 0 FLAS 5 U T 2 R R BT R s, VRS RS @I o b F P se B BRI . R “SQ”
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Figure 1. System architecture
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3. LSTM REAR 9 HA% 3%
3.1. BRSO HA

N R IR— F5EmT DA 43 R TUAS AR R B B, D 07 (5837 4 Hh 3 s BERIR (¥ 3X —id #2,  Rechtschaffen
%) EEG. R H P (Electro-oculogram, EOG). ALHLE(Electromyogram, EMG) Ak, HHEEAR LI N 6 4
I3, XA 73 7 VR PR R&K AEI, 3X 6 AN 153 3] - 1S IS (Wake, W) P IR 2 BENR ] (Rapid Eye
Movement, REM)F3E % IR 2 BEAR #H(Non-Rapid Eye Movement, NREM) [5]. A4 NREM, #i%kl%R 1
H(Stage 1, S1). 2 #i(Stage 2, S2) 3 H(Stage 3, S3)LAJz 4 H(Stage 4, S4). JaK, NATZHT K X Fh 73 1
WHEAFAEBE AR Z 4L, 255 SECHIWER, R SO BEAR /> Ibr b T B . HRl, 58 12 ks
HE— R AASM IBERR 2 JHAE ], FORBEAR 2> % W NREM1 (N1D)#. NREM2 (N2)#ff. NREM3 (N3)
WA REM 1 5 AT, Fodh NREM3 SHJER K NREM 1S3 5 S4 G 3:432[6]. AR 55 57 ) 25

HEI R 2 s .
THEEHA(W)
FEAR1HA(SL) NREM1
Ciap ) weamamonan || C0
REARAHASE) NREM3
HREARENHA(REM)

Figure 2. Sleep staging criteria

[ 2. BERR S HIEN G E

NARTEHEAR I FE RS 2 28 X ALT NREM A1 REM ¥, XA {E3AFx N NREM-REM fiE#F, K
AT 4~6 UAEIR, RFIRYERERII ] 90~120 min 747 . AARIEH AOMEAR, SN0 7 AL 40 2 A A
[, HIM W-N1-N2-N3-N4-REM, %% EEH N2-N3-N2-REM, #1/ 3 fis. LB K IEIER S, REM
W 20%~25%; NREM 1 75%~80%. #E NREM BEARH, NREMI 3 & 8N HERES 8] 1K) 5%~10%, 5
T B 50%, MBS SR DU B AL b 25%, AR =B & 12%, VUMM EEZ 13%.

Figure 3. Sleep cycle
3. EREHETRREE
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3.2. BERRAXFAHHIE

AR L 2% E BRI HN 8B EEG 15 5 X BERR /W HEAT 7047 - BEG {5 5 s A R A E e 4L R, 5 R
R N AR R b 2 — 5 R, BEE N AAE A A A A BRI Bt B [ B R [ 7] 4
1 R. IAFIBERRIRZS T EEG {55 A 2 R A0 A0 T DA Bh AT SE 4 AR AR IR B AR B -

Table 1. Correspondence between sleep stage and rhythm wave

= 1. BERM RS TR A R X R

IR AR B RERE R 3%
W FELL a W (B~12 Ho)NE, B—Wi EEG 155 LBl 50%Lh s B ¥ (14~35 Hz)
N1 o BT AT LEBI N T 50%, FFIZET TR 0 (4~8 Hz) ) LL il 3Z i
N2 HIL—A B Z A spindle #(12~14 Hz), k E&(0.5~2 Hz); EEG {5 SR IEIE N
N3 LA 8 3(0.5~4 Hz) A E, B MLLBIEME EFHi S 50%, LMEBaEsI AT, AIEAGRIER
REM DL oo PR B e, AT 09, o BRI (2~6 Hz)
3.3. LSTM &M%
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Figure 4. LSTM-based sleep stage analysis model
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P — AP AE S, Hox s A4 HE S I R AR P B OE R i FE v & B AH G PE . LSTM (Long
Short-Term Memory) 5 #1142 /2% & —Fh il LSTM ¥ CHI A RNN, ‘B2 A T 7k RNN TEiEAR i 4b
PR IE PR B AOMTAR R [8]e & AL A A g A JERFA TR0 IR 8] 7 471 v [ B A A AR AR K Y B 2L, WUIR
A T AT HERR Y B2 AT o 1 ELIERR % 5 AE 1A T BRI 25+ 3O 140 o 2 v %ot i N 1) BB 488 o 9 R AT B i
i BRI 15 5 DL B RR 2 AE ), X 5 M LSTM #4811 TAE 7 AR 45 1, FfiTik
PEAEF LSTM 4128 [ 2% SR vt BRI 1) A [ BE AT 3BT o

AT AT LSTM #4248 IR RERIR B BE B 2 70 A A, 1287 i EEG #d A BB S5 LSTM #if
Z BT, Wi 4 Fion. Horf EEG 304 A FERL 471 5736 )5 4 EEG Sl kAT b2,
FEWONIE A LSTM #0228 W48 AS T 0 B 55000, LSTM #4548 B AR ot s N ) EEG $idig k47 43 M7 19 HH R HIR
RIS R

ASCH LSTM M4 M2 N Z . AE A B IeILIZ I 2 PR BB . N E
TERE— I ZI AN 20 A0 BE ) EEG 0 55 RE,  4F FEELFE 100 A EEG {5 S RFEEUE /i, 76 180 NN ZIA
18,000 /™ EEG {5 5 FHIEHHE s A A B2 02 . LSTM 25 0/Z 2 LSTM 2844 B,
)2 LSTM M4 180 MEAZ e . 70 Ra A 2 5t B AR, A Z 02 ok i
128 AMAEE ] B 4 il 5 AR A ) B, m e HH 2 A R R A Ay R A

3.4. BURALIE

3.4.1. BiEE

AL HE ] 2018 4 PhysioNet oI5 % 1HH Bk A% 2% (You Snooze, You Win: the Physio-Net/Computing
in Cardiology Challenge 2018) [ £t ¥ %, "& /2 tH 5 5% i ZE M 5 B2 Be oF 551G PR # 48 2F B 22 S e =
(Computational Clinical Neurophysiology Laboratory, CCNL)F Il /R £ 4# 21 il 5236 % (the Clinical Data Ani-
mation Laboratory, CDAC)#&At (1, 7 LA FF8 H (19 %54 £E (https://www.physionet.org/physiobank/database/
challenge/2018/#files). ZAHEE L 1985 MEA, HHELL 200 Hz BEAT RFEAIIN HL15 5 (EEG)=5 6 FihA:
55 B RIEEIR T B i MGH 1l R TAE N B AThRE, 728 6 MBrBL: W, N1, N2, N3, REM
IR FE LW Bt (Undefined). AT FIAKHR A N ZREE I 500 A BERRASAK) FA-M1 K HLE S 1E J9ks
A, HAHT 400 NMEAAEN LSTM BRFEFZ M RIIZEE, J5 100 MERNIHASE . BESA FIRERR T B
i EEIE AL AN 2 .

Table 2. The proportion of different sleep stages in the dataset
2. BURETERERM B SEETER

HEEAR A B HdE 5 (n = 500)
A 28%
NI 19.6%
N2 51%
N3 14%
REM 15.5%

3.4.2. BiETALIE
AR AASM B IEUREN], K R E s 4E rh /S ANBERFY BX Y Undefined BB\ NREM3, %N
FLANERR Y B[R FRATTX BRIl I8 EEG {5 5 8t 47 SR FE R 100 Hz, & 30 #P 4 (B3 3000 4N KAE
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REEY /3 A BL(Epoch). ZRJGXF 3000 4~ EEG B KAf s B ik 47 PRisk /8 HLIH- 25 4t (Fast Fourier
Transform, FFT), #{5 ‘5 MBS 30554 S50, #EL 6 A EEG TERBON RIS, 1X 6 P a2 5N a 3,
BU%, OV, spindle I, kB EW AL 5 P#E[9]. 6 Fh15 I X B A1 28 1 Uk {8 L 133 A 46 (Inverse Fast
Fourier Transform, IFFT)Z Ja#HTHEEM, 724 18,000 4~ EEG B¥EKAFE 741, Bl 6 x 3000 4, Hrp
PP ERAT 3000 ASKAEEHE . fEHIN LSTM #8452 1, 5 Bk A 7 91 i 3 A R X,
AR, WAFEAE 180 17, 100 41, il LSTM #& M BA N Z, 1 ¢, I %7 LSTM #1£:
2% i N EEG {5 5 FFAE P 50 [ay, a0 | SRJEIRAE ¢, N Z S0 N X2 H BEG 15 5 5 4E J7 51
(@) @00 |+ ELEHE 18,000 M SRR A H AN 2] LSTM #2225 2

At oo
A=| : - :
Aigor """ ig0,100

(D

4. LIS IEE
4.1. SLWHFZE
4.1.1. MEEVE &

ASCAS AR T AR R o BREBR I AR ZE v B DA S 4E T kappa RECRHTREEAPERE. H
i kappa RELE— PR FRE M FRRS, HH R ARQ) G)Fn, 1E[-L1] G N, kappa RE0H
K, RTINS SLPRAW) A FE R, > FAE ERE10].

k=Po"Pe )
1-p,
Zai'bi
Pe=""75— (3)
n

NRQF S py NIRRT IHGE, ARG a, A | DEERFEARNEL b, N | ATFEAN L, 7
N BIREAAN KL

4.1.2. FEHEEMRERTELCIE

ARSCA SR T HE T RNN LA T CNN 148 FH 5L 1E EEG I REAR 7 WAL, 1 R A SCH e o A 2
PEREMI S IR . FEAH R SEIGPRIE N, {3 FAH 9] (00 1 PR K00 55 AR [ A B &, S B adb Bl R 4 S S 2 £k )
SGAEMATIINGG, RANARERAT MR . 7238 IR UESLIH, [RIFERA 8/2 vH K B g 204 B AL
XN NINGE SRS, B ARSI 80% & B AIZE, 20%1% B ANHRE.

1) KIBEESE(E S 500 AMEIRANAREAOR, X6 EUAS [F AR 43 J0IA5E 0 () B R Aff 55 . R RIS B
S HERS FE DL SR EE 1) kappa R 3.

2) {F AR EE S, X LU AN [ AR 4> BAASE R 1) 1k 8 AR fh e 35 DA R R

4.1.3. 5 AT RER D HASE R L soae
BE ML BRI 5 — AN BERR A 1 5 SRR IR A S , 0 B LEBER 5% 5 A SO HY R B A ) S A 7Y
o BT P B B AT BRI B BE oA, EL ARl I 9 2 1A B AR B 20 By

4.2. BEREXEC AT

i FH /NIRRT £.(20 AR AN REAS) 0 LE SRR S5 RN 3 s o A SCHE Y A R 70 0 7 i 3 1
FIHET N 77.1%, kappa RECH 0.68, EFw L —EVE S, MEREIL T AR IE T N THh 2 2% )
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Table 3. Performance of different sleep staging models using 20 samples of sleeping individuals

= 3. NREBURE T (20 MEERR MAREA) A EIRERR 2 AR B RERT L 45 R

A AR HE R kappa Z%L
LSTM 77.1% 0.68
CNN 73.9% 0.65
RNN 76.6% 0.68

A8 F K FIASE S ST, A [ AR 73 S AR B P P e oS B SR B 5 SR AN 4 s o MR BUR AR PR RE T T
AT I [ B AR S5 ST R R () S AR B A B1) 73.2%,  Eb CNN BEAR /> IR 5 Y 5.2%,  HE RNN BEAR
SRS 11.4%; kappa REUAH] 0.64, IAF|&EE—BMERNSEH, LT CNN HEIR - IBIA S RNN
MR 7 IR . MBERIR B BOAR 2 T B, AN SCHE HH A BRI 23 A 73255 N3 5 REM I I A 77 B S 5
T A P b B AR 43 MR o AR SCHR HE (O BER AR 23 193 5 M F4-MIL i e A BEEG R AE AR 0E AT 28 AR 36
PRI AERE, N7 4 Fion, WL N2 BLK N3 BOHERAE R, ok N2 JA %) 84%, AR RATARBIA SCHE
HH A SRR 2 ARG N BE 155

Table 4. Performance of different sleep staging models using large dataset (500 samples of sleeping individuals)

4. RAEHURE T (500 MHERR MEREA) A EIRERR 2 AR B M REXTEL 5 R

- TR B X
A AR HE R kappa %L
N3 N2 N1 REM W
LSTM T4% 84% 39% 68% 83% 73.2% 0.64
CNN 59% 82% 40% 38% 80% 68.0% 0.56
RNN 60% 80% 10% 15% 80% 61.8% 0.49

Table 5. Confusion matrix generated by cross-checking using EEG data of F4-M1 EEG electrodes
= 5. £ F4-M1 BXEREBARAY EEG BURIFH1 T3 AR A= 4 HIR B FE %

SRS AR
N3 N2 N1 REM w
N3 7261 (74%) 2512 (5%) 2 (0%) 19 (0%) 59 (0%)
3}9] N2 2105 (25%) 32097 (84%) 1551 (25%) 1737 (16%) 857 (3%)
j;ﬁ N1 16 (0%) 3487 (4%) 533 (39%) 2046 (11%) 2793 (11%)
Q REM 22 (0%) 1866 (5%) 1356 (15%) 7820 (68%) 387 2%)
w 29 (1%) 518 2%) 1858 (20%) 323 (3%) 13741 (83%)

AN [R] B RES J SYIASE 2R A8 A [ RS S B HE A B2 AR A 3, nl&] 5 o.M AT AW 237
o ARG - B AR TR o o S S AR R K, REARMER RS TR, (R AR SO (1 7V I E R B T B (0
BN, EBERS . (A N SR R I, = el R AR A3 MR (R AT S ME R B A ZE L, (RS
B AR M AUREIE K, RNN HEHR 2 HA L R A v 0 B T A5 b, CNIN BEHR 2> IR K 2, AR SCHRH
() LSTM AR 73 SHAC Y R 12, 7E 500 MHERRAMAFEAE), ASCHE A LSTM AR 73 5T A4 % {4 i
T A
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M 5 BLRER S B Arar wl, AR MO SR M DL R, AR SCIR Y 14 A Sl MERR 7 ST A
() BEARHETA LA 1) 73.2%, kappa RECAE] 0.64, KL T HARPIA N T 22 0 2% BEHR 70 IR 1) 68%., 0.56
5 61.8%, 0.49. BEEBIREMBAIER, ASCIRI A LSTM HRR 7 1AL A wE A 5 T e (A 0 52 f5e /)
P Bt o FH IR R SRR R I AL e 0 AN, BEIRPI B W 85 R B RGP & 1k AHELZ T,
AT Y B S BENR 7 T B S R AR, IS R A A .

6 FETR T AR SCHR AR IR 7 AR A 5 N MR 20 S X LS5 2R, MR EREE R, W] AR BUAS SR
F%ET LSTM. fh R M 7 SIS R 0 —— 8 G ) B i B o W 48 2R 5 N T 7 M 4 SR AR

80
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ETRE

65 4

60 -

55 1 1 1 1 1 1
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HIRER N

Figure 5. Performance comparison of sleep staging models using different
scale datasets
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Figure 6. Comparison of artificial sleep staging results and algorithm predict-

ing sleep staging results

& 6. ATREAR Y BALER 5B ETUNRERR 9 BALE RyTLL
5. EeERImgit
5.1. &im APP Lhik
BRI APP FEINAEINT
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1) it BLE SRS E R AT Sl s, PRI B T rT LA B, ThREss &
NAEINGE 2R R

2) ML socket 555 4Rl E, FFHGRSS ARk ) 70 W G5 SR BEAT ATARAL AR, (e Ty RE ELUL TR A K
MMt R I P

3) BWEMMEBEIKS Exommiss s, UK SIEM S B, JRIBIhRE, BLIIRERT LA Rt
P BIAE BT TR

4) MR B s D00 B A S IO FELAE - BN (RT DO R AR SR R RS WAkl , AR R I B IR it 2 F) 1
ik s, ZBE AT A AE 2 A R

5) Ak, ARG APP Al SR AL BEAR M K IR S5

APP EE DRI 7 Fror.

FPREES -~ - _

2R/ -
e IR

\
/- BLEE%EL&}—\ RIS B 15 S HiR \

%0 46 44 Mk - - / BRI AL I8 /
2%y 5 =~ ARE s socket @B /
=R A —l LSTM#g = /

e
\_w EEMES R L _ -7
BEE B 5 2 2 :

Emﬁj -
T R BT RS

B RERERAR &5

Figure 7. APP’s function and services
[ 7. APP TESE I E

5.2. EERIRARSS

ATt 1) LSTM BERR 7 AL 5 B AE i I 55 4 o =i IR 55 38 A7 24 /NIFASTAT T A L is St
RErmi RS S AP ThRERIAF I, TR O AL RGN E PR K

TR G oK SR 20 1 o AR BRSBTS b B fS , DL RETFHL APP P& 1E N B, @i socket
Bz USRI 2 vt R 55 2 (B0 SRS o Lol A B 4438 1) 2 it iR 25 38 AT R — 2B HOAS B A 7 BT Ak 2
RS ARt — R AT I LA LSTM FL AR A BR300 A B AR, AT REAR 20 JA 07, JEA3
HBEAR T T I 45 SR . MR PG SRS BB 45 R0, 250 R 2% 2 B B AR 0 & 20 BT il 75 RO 2 480 g
FHL A, 2o PR TS REIEH .
5.3. REAR BRE M) K RREETH RE
5.3.1. BEHR R E IS

HE IR 7 2 I 060 K2 T 0 P A5 5 T P 20 1) R BRI J57  20 AFT VP A 4 7 o L vl I i BELA5 5 1S 00 2 <]
8 ZiMI 7, Firic sl S mT ARt b B AR 22 U AT 3 — 20 o0 #r, JE I HE A P BB A7 1E BOBERR 0 [F]B
AR A N BEAR ()RR 2, 0% AE 2o I 55 A N NI
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Figure 8. Real-time waveform drawing and sleep quality assessment report
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Figure 9. Setup for intelligent wake-up interval and a wake-up service example

B 9. 1% e B REMRER X 8] A0/ A B2 S

e HE

& E R A RPH A2t R11(201710574053) R IAEF]: —FRHEARIE I & 55(201910343058.9)

SE

(1]

Gu, W., et al. (2014) Intelligent Sleep Stage Mining Service with Smartphones. ACM International Joint Conference
on Pervasive & Ubiquitous Computing, Seattle, 13-17 September 2014, 649-660.
https://doi.org/10.1145/2632048.2632084

A NKTFIR 2LED FERINLARAGN[T]. THENLE RIZ, 2016, 42(11): 29.

Sk, EMG, B UL, EIRGR. T SR BRI S EAS I RG], RTINS AER A, 2018, 32(5): 159-167.

Zeo Sleep Manager Pro. http://www.digifit.com/Zeo
Rechtschaffen, A. (1968) A Manual for Standardized Terminology, Techniques and Scoring System for Sleep Stages in
Human Subjects.

Berry, R.B., Brooks, R., Gamaldo, C.E., et a/. (2012) The AASM Manual for the Scoring of Sleep and Associated
Events. Rules, Terminology and Technical Specifications, American Academy of Sleep Medicine, Darien.

F . A IS5 MR IR 2 2 2 MR 73 S B B F AR HE R P AT (], 72 W B 5 S BR, 2009, 8(6): 575-578.
Hochreiter, S. and Schmidhuber, J. (1997) Long Short-Term Memory. Neural Computation, 9, 1735-1780.
https://doi.org/10.1162/nec0.1997.9.8.1735

Michel, C.M., Lehmann, D., Henggeler, B., et al. (1992) Localization of the Sources of EEG Delta, Theta, Alpha and
Beta Frequency Bands Using the FFT Dipole Approximation. Electroencephalography and Clinical Neurophysiology,
82, 38-44. https://doi.org/10.1016/0013-4694(92)90180-P

[10] Smeeton, N.C. (1985) Early History of the Kappa Statistic. Biometrics, 41, 79.

DOI: 10.12677/csa.2019.96131 1167 THEAURF 5 R


https://doi.org/10.12677/csa.2019.96131
https://doi.org/10.1145/2632048.2632084
http://www.digifit.com/Zeo
https://doi.org/10.1162/neco.1997.9.8.1735
https://doi.org/10.1016/0013-4694(92)90180-P

FRIRZS, # KL

[11] Trinder, J., Kleiman, J., Carrington, M., et al. (2001) Autonomic Activity during Human Sleep as a Function of Time
and Sleep Stage. Journal of Sleep Research, 10, 253-264. https://doi.org/10.1046/j.1365-2869.2001.00263.x

1
Hans X
PR 2 BT 2
1. FTHF%nM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

TRIFIFRAELESE: [ISSN], FAIAT) ISSN: 2161-8801, EPAJ £ if

2. FTHEIME T http://cnki.net/
FEMN I BROSCRREE” BEN, BN SCERRE, B i)

WhaiE A . http://www.hanspub.org/Submission.aspx

WITIMRAE : csa@hanspub.org

DOI: 10.12677/csa.2019.96131 1168 THEAURF 5 R


https://doi.org/10.12677/csa.2019.96131
https://doi.org/10.1046/j.1365-2869.2001.00263.x
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:csa@hanspub.org

	Intelligent Terminal Based on Single Channel EEG Signal LSTM Sleep Staging
	Abstract
	Keywords
	单通道脑电信号LSTM睡眠分期智能终端
	摘  要
	关键词
	1. 引言
	2. 总体设计
	2.1. 设计关键部分
	2.2. 系统架构

	3. LSTM睡眠分期算法
	3.1. 睡眠分期
	3.2. 睡眠脑电特征
	3.3. LSTM神经网络
	3.4. 数据处理
	3.4.1. 数据集
	3.4.2. 数据预处理


	4. 实验与对比
	4.1. 实验方法
	4.1.1. 性能评估方法
	4.1.2. 不同模型性能对比实验
	4.1.3. 与人工睡眠分期结果对比实验

	4.2. 结果与对比分析

	5. 智能终端设计
	5.1. 终端APP功能
	5.2. 连接云端服务器
	5.3. 睡眠质量监测及唤醒功能
	5.3.1. 睡眠质量监测
	5.3.2. 智能唤醒功能


	6. 结束语
	基金项目
	参考文献

