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Abstract

This article is inspired by the company's smart medical cooperation
project, focusing on the pathogenesis of heart disease and data processing
problems in heart disease monitoring, rethinking the shortcomings of existing
heart disease monitoring way with the emergence of new computing models
such as cloud computing and edge computing. Proposing a new way of
monitoring heart disease depending on cloud computing. Towards the data
processing problem in this new kind of heart disease monitoring way, focusing
on the noise reduction problem of dynamic electrocardiogram and the
arrhythmia detection problem of dynamic electrocardiogram. The main
contents are as follows:

(1) Remote ECG monitoring system; At first, it reviewed the development
history of remote heart disease monitoring, and compared the difference of the
traditional heart disease monitoring mode and remote heart disease monitoring
mode. Furthermore, the main research scope in the remote ECG monitoring
system in recent years are discussed in detail. And the focus of this paper falls
on the system structure of remote ECG monitoring. Starting from an
enterprise-level remote ECG system, the ECG acquisition equipment, mobile
device, cloud service center and data analysis station in this new remote ECG
monitoring system are discussed in detail. In this kind of remote ECG
monitoring system, not only hospitals, insurance, doctors, patients and etc.
can connect with heart patients through the cloud platform, but also make full
use of the expert resources and medical equipment resources in central
hospital. The entire system constitutes a typical Internet of Things system.
Then the calculation mode and data processing mode in the loT-driven ECG-
based heart monitoring system are discussed in detail.

(2) Intelligent noise reduction of dynamic ECG; At first, three typical
kind of noise, including BW, EM and MA, were introduced, and then reviewed
the research basis of dynamic electrocardiogram de-noising. While
considering ECG as a kind of signal data, existing noise reduction methods
include filter, wavelet transform and EMD method. In order to avoid the

threshold selection problem in signal processing, another method for
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reconstructing the electrocardiogram by extracting useful components in the
electrocardiogram is proposed, such as PCA and ICA. For the ECG noise
reduction problem in the loT environment, the ECG signal may contain
multiple types of noise at the same time, and it is impossible to predict the
type of noise. Based on deep learning model, a new ECG noise reduction
method is proposed. This method regards the dynamic ECG as time series data
with strong dependence between data, and uses the memory unit of the LSTM
network to preserve the dependence between the ECG signals, while
discarding the dependence between the ECG signal and the noise signal. The
LSTM layer extracts the deep features of the signal and restores the ECG
signal with high quality. It breaks through the limitations of the existing ECG
noise reduction method, and achieves a smaller RMSE and a larger signal-to-
noise ratio improvement, which provides a new idea for the noise reduction of
dynamic ECG.

(3) ECG arrhythmia detection; Firstly, the characteristic waves and
feature points in a complete ECG cycle are introduced, and give a survey to
dynamic ECG arrhythmia detection methods, such as artificial neural network,
support vector machine, decision tree and random forest, K-nearest neighbor
algorithm and deep learning model, the 1-D CNN classification model is
introduced to automatically classify dynamic ECG. Two algorithms for
extracting heartbeat were proposed in the data pre-processing part. Eight types
of heartbeat are extracted from the continuous dynamic ECG signals. In the
classification part of the model, the ECG is considered as 1-D signal data, and
only the 1-D convolution kernel and the pooling layer are considered, and the
Dropout layer is used multiple times. Finally, 99.45% Accuracy, 99.45%
Precision, 99.45% Recall, 99.45% F1-score, and 0.99 AUC were obtained.
This result is superior to the existing arrhythmia detection method. In addition,
another experiment about the noisy heartbeat was also performed. After about
4000 steps of training, the model achieved 93.96% Accuracy, 94.01%
Precision, 93.93% Recall, 93.97% F1-score and an AUC of 0.98.

Based on the above research and experiments, this article covers the
system structure of remote ECG monitoring, the noise reduction of dynamic

ECG and the common disease detection classification.

Key Words: D-ECG; 1oT; Cloud-computing; LSTM; 1-D CNN; Noise
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B DA TE R0 I B T e — AN ER VR, BUAR BRSO R R I AR AR
(0 B &, (R BROHE o3 A 0 Z00TE B B R R BTSSR, AT LK 3.1 B
A8 O H I A% AR G R s Ak 3R T SR I Ak BE T 5

H AT AL HAE 42 L) Spark Streaming. Storm. Flink 2 yf0%, Hrh Spark
S FhE R HMESE, 2 Apache [ —FOITVRAMESE, Spark i@ K £
SHEESZS A Z A HE TS B, RIS AN FEIEE, Apache Spark JF R I
HE& 2N EEERMAM, Hrh Spark Streaming X ANH 454t 7 T 52 i H
it A . Storm B —3K ML r i JE RS, HMAH om0, sl W
A ERTC SR EPE R, IR TE > A 20 RPC. SZEF 2y M. SR . R LA 2% 3 2%
G ET N . 1 H Storm [ AL FE I FEAR PR, RN A RS B BE 08 AL
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(YRS TA) N 5 tHH SR A5 B, 78 Sl e B AR B 1) PR B
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OB ERGH, BT U B[] P9 RO L B 40 AT 02 I 45 2R I A5t 25 00 I
A, T ELRR AL BR O B R AR N, DR T B A R KA A

3.3.2 itE#ERK

FE F— /N H A 0T LT PR R Y (0 B dE A B AR K, R B A RN I A A
AEFE L JEHGE T DI I Gh A ) Jz R O B IR B R G 1 O A B AR =R T R R
b3 7 3o BB 2T R — AN S T[] Y ) R, AR AT Ak Ak B R R R R R
(0 HE B 0, BDSR AT AR RS0 H AT 7E AL B I W B4l i, = B = Mt
HE, AR E. ZHEUES-ZRA TR

mIPE SR R B Google HEHATEAE 2006 4, @GP, =18
R R, TSR — 2RSS PR, 2 B R OB R 4 T 1R A A R
71 B EFEAAE . BIEE . Mg, NMARBEF MM T SR, H R FE Bt
() M 55 72 B I 1, RS 2 HE FR W K, AT PR A 8 A, A PR B 1 R Al i e o
Rz 47, JEREARIE L &5 FH R AR S S BN RS WMEH . Hil s it Ha =F
HEAMRES N, oAl REM RS (laaS) « “FEHIRS (PaaS) LK
FEEPAR 45 (SaaS) o Mo, 78 LAl 40 # B IR 45 X b 45 B rf, LN R O P
P IR 55 25« AR A AT 2 S BB, R P AT DAZE R SRR e AR H )
SFEFMH, TH laaS @Mtk ik, H R EXT E A R 5 ik 55 AT
W, MATEENEEEMIEMAE, FETURELSFRREY B, BAs
I ) B R, AN TR EAE KRB N I I E R A b, AT K B 2 (1 B
[F] RURE 27 8 oAl 45 b, 31X — SRRl N B sl 7 R T AR K B AE R
& RIS X R R 5, B TR DA R4 F O R AR A 2 A, B A H P A
THERS . BEWEEHRS.. TR TEMS T THSERS, FIH PaaS H P Al
LT e T REMN, EHRMARSIT R, el A8 mpiH, B A eek
AR TR R R, TR B R SR, B AR T R P A T A
WA LT E R &N RN . AR RS & B0 — R RS, 7R X P ik
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W, ANHPNELASEERE I L mm2 51 E, SE8UEm 2t e
ABRIE. 1M F I HEHWEAR T RHEMS LMY R, FEMEET o HiE
M2gidg BRI IAL, RN —F RS R SEE R EA. ZiHE
f£ 2011 FhaHMe LW R Z IRk, £ 2012 FhBAEARDL, JFFHEX
TEIUF AR RS A 0. FitEE 50T R 3 M 210 2%,
AT S BT B0 1 55 R X, G i S O ) 5 AE A2 AR SE AR R AL B, 55 TE B R A
HHELTELEABRG T, FITEBEZ . A WA ZE K E5H 57 H
HARE, mHEHSH 2 Z I HE P EEEERR. ZHEMALL 5 mEE
YRR R G Bl ) 97, DR IR E RE S A RO b BdlE A% e R R AR I
117 HAS 6 K B AL B Hs EA% B =, AR B AR B Bl (T BEAT A B, MR, F
TR R RAAET R, MBI LA RE E22R, TR E s it F
A FE 3R At v i 8 A0 9 K T S5 g

W+ 5 0 SR SE P BT R I PR R, O RAECRIE . BRI, B
W ENH P EEREEAO, X TEMERNIERS, WRFHERXNE-%
RE W HEB LB AR G E My AT A . B E R, REETHERE
S Z (6], 5 R 2 18] ) R A4S B A AR S R BRI
KM Z XA HER TR &, (HEET BRI =480 5 K55 & %
PR RETF R MRS, HIFEERA, Wi HE &AM ER, v ael & 2 A B
B R ORI

FEP IR WX 45 F i am RE O R g, BRI B 10 R B TR R 2K
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i, ER2IMEIE S =it E XM ERA, £ CHR[89]H, T. Jeon 5 AN T 5E
IR0 JUE g S B BR AL B IR AP, K A0 H BE S AT ARM Ab 3 25 4R R AE
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TR H P, ORI 7 A . @ it B R, B 3.1 a4
g 20 R S 15 LS B, Tﬁ N I R E IR . 2 B AE B0 AL RR
773, T H T O R B R U, BT A 00 FL EHS W b O R AR R A B

3.4 INE

R —FP, N R R RE D R G K, PR T I OE A i
OHREERG AT ZE I, LB ERERS . B %, = ksl
LRy Mo, JRAEBCIEAE B, B2 T AT PSR I A0 S SRA, 20 ) A
o PR AR A AT e s AR B AERXRR T A AR L B AR R A, e BB L
FIRERZEM G5, oV DUEE LR B AR AR AT
W B R ER . R, BEA . RAFRAMAN N TEL =& 50
JIE o BB R R GRE R, 3BT B g g AR A0 IR e B R X B AN BT i A R, A
— AR R B AR A T A SR AR R G R IR X A A G R 0 HE
Fgh, BEHRA T ELBERN RN BE, HRAESHVE LR ERB R, BFIA
s & G b B A BEH 45 08 — Rt R i A BT . BAR RGNS TS Ik g R
Bom, ERMETEEB/MIZEIHERN, R = 0 E RS KR Ja A, M
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4.1 3|5

O I () = E 2 W T B2 O NEm B FE OB B, BETEKR AR RO BB E
PERFHSOEE, HEAA L —HhRAMEELCERERSGEY, REEREDNEH
s omE. ZROEEERGE T OBERRET Xk 7IAOHBRET R
R Z 8, WE A B2 RS, RIE A RS, HIE B3O B E
FEFESOEE (WK 1.2) FERRKMES, ZFES RN LT IHEO
e, T L M R R Y S B A AN SRR SR AR AT 2O . B A O FL B R M R TR AR AE
NPT I E B2 W ok TR BN, [FIB TR RO B R, AR
RUTCIEFERT WUAD, X 9 BLA [0 fE B B e 7 vE A ok T PR .

HELEEETESHEN—F, EE2eMNEEMAY, KRERNGES R
Wk 77 325 FE AN R B B D8 B 0 FL I rh g M RS B I PR 2 W b 3h A L LB B Bl 2
Wik x — BHIFEE 60%/A . LK, NLEARTEIGRIH 5 ® KK
AT R s 1 I N e P S W N S D = Sy B S 7 R B 1 DS T v T T N I DA
A B K ) — AN RE R R AS B IS 20 504 1) A7 76 A BRI OC R o A% G 28 X 25 B TR i
I 1 N RO A S SO TR B TR) R ST, 3 bR A A B T BB B AN G
M. TEIPHAE M AR R A SRR — AN R, EBAMET TNy 24
RGP AR e, A A5 X Pl A RE 6% Kb 38 A AR O OC R IS 1R) A0 E i, an SR
. ESEE. B EHEES . (HSIE P o2 I 2% 78 b B AR OC R IR N, &
o I B S B B B R ), — B X S R, 0 TR A Sk i B B A
HESRLEMN mH NaN (AR — D EED o o s EEERET A& KRS
F IR 0 B s, A B — A A IR B — I ) PR R R NE 20 F W A A AE
WM R, N T A ER KK B SC R DA T B SR, K D 12 &g 194
(LSTM) 7£ 1997 fE##2 H .

4.2 ZE LSTM MIRiEHE

O L g TS S BE B, (B AT DURE A — Rl Ry Bk 1) I 18] e 2 B,
AN [ I 220 K 30 1) A7 AE AR, B A AE OB, XX R O 32 AR BLAE = A %)
R 8 52 2 B 2 A ZI IR RS2 ma . T LSTM K28 BAIL 12D fe, R A7 &R
Wi 18] P 81 _EARFALE S Al DL A B O F P RO TR PR A PE . LSTM B RENE 5 3
RBURFAL, @& SRS R A B TR BOCE £ & (R A o5 22 2 g 77, B
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MRS 27 21 B R & N TR BERUE , e O LR T TR AR, TR I RIS
FlESHMERME. T, AERHBTRHZE LSTM MR350 K B
vk (K 4.1) .

nnnnnnnnnnnnnn

ECG without noise

uuuuuuu

EEEEEEE

,,,,,,,,,

ssssssss

4.1 ZZ LSTM b EE B PRI HE R

Z )7 LSTM BRmgiify (B 4.1 MEEREHOE - TMMAZE. 24 LSTM
JZ. — TimeDistributed Z A& — it JZ . %N JZ 50 & i B A 1340
HAES, HiEMAERERES N 4.2.1. LSTM JZ2 8RS A i o s, 4
LSTM Z#BA & — A5 38 45 09 F T A0 B2 3 25 0 b R B0 [R) A e, Pl (S
5 K RSO ICE AN AT, T AR S 5 A E S A ARG R
SR I LSTM B [ BUE K H BE AL 7 kAT a6 4k, 383 A m vk J = 7
AR T 2 R, A& R S o R A5 R SO N A O
=5 2 A KR Z 28 Back-propagation through time(BPTT) % % ¢ 7] 1% % |
A LSTM JZ, FE4E A Adam 53 38 858 i BUE B &2 BRI sk .

4.2.1 BRI

A B PR RE RN AR 2 MR R M A, B R A R AL HLAE 5 A
W FEAE SR A S S L HEES, e W

X(N) = X, (N) +@sXy, noise (M) +0X . 0o (M) +Co X e (N) (4.1)

EXdxmXrahELHEES, xRN NBHESOLBEBFES, M
Xou noise (M~ Xna_noise (M) K Xy noise (N) 77 K78 BW W7 . MA B 2 EM B, a,
b, ¢ 1FJy L@ PR 7 4% ] 25 R g 7S 2O B AS S I RO LU, RO 2 e e S [
A7 LA B M 7 SR AR AR S B R T B

SIS B R VE T MIT-BIH 4 £ o i 0 % 5 BOHR P A0 g 75 30 e 1901
MIT-BIH i £ & 7 48 2 F/ N0 HEAE S, B0 3B 17 XGETE O B AE
Tl IRERAM VI B ARSI IR 1 S IREUEE VA, KRy
17 650000 /> gl ARIKAIDGE S 300 A s AREA KL 72 MR A Mot e b
T 3%FANI M EE S, 2 Alx N IR =R, Oy TS AL EBAE S T
WA R e R A REALYE, BENLEBOESN 300 D rifEoNB A REA, oA (D
B A B A& D HAE T .
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2 25 O AL P PP SR o B R A SR B oA, R SR A R AR ORI, B
Mg A R AT R BE % 11 2 32 B i A U A R A AAE X vy i B RO iR 0 BRSSO B R L
FfEM . B RELAX (LD PRLHIHET a, b, ¢, WRHBREREGRED KL
NRA (R4 .
®41BEEFERESEER S

Mg 7 28 ) K1 22 2 3 K 4 A5 2K 6 Kl 7
Mg e BW MA EM BW+MA BW+EM MA+EM ALL

® 1 BW BB A3 O B B AR B B2 e S, o b A ¢ %
BHoN 0, MKIL2EHE, ALL RORFIRREAE = FiMe A o A gi = AN 250 % N AL %5 B8
FFRRE WS IS Y, S DU SO0 B 2 P 7S R I AR AR I T, AR TR A e
0 B A [F) AT AER = A AN R L T 3 0 AR S .

S IG H K AR B x(n) AR DR B RS RS B BN, TR X, (n) A DR x(n) KT R ) [ g
JE A8 5 F T BB 1) I xS
4.2.2 PEIRIRE

T O BAE SR KA SR, AFERHAZZE LSTM LA X 3
SOBETHITER., MIEE LSTM B8, Z2 LSTM BIAH & B MK 41
gEry, HAWEER 4.2 5.

Time

Distributed

4.2 ZZ LSTM 1&58!
B EMANEMBEEZE S ANZA LSTM JZ 1] DLAd 8 1) 22 3] 58 ) 14
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5, AT AE A ) 25 0 FELAS 5 FE I [A) 248 B2 b A RE PR A W3R I, & BEEAE i 2 10
012 B 70 HE B L IX o0 FLAS S RIS 5 5

BEAS LSTM JZ AR R IE A S5 4, S0 24 45 7 m] DAAR B2 2 25 0 FL A5 5 2dle
() ) AR, Al LA 5 TR AR G R 2 c I AE R g oo, L s 5
R E S AR R RSB EF . B LSTM ZHE5 kg WK 4.3,

0 he_q he Riyq
\ Y \ \
W w w W W
S St-1 St St+1
&It
u u u U
X Xt-1 Xt Xt41

4.3 BE LSTM 19

HE 4.3 7[5, B2 LSTM HAAEBNAEGN, & —MNZIK RS R oyt =
PCEFERE, MRk ot vicizeon, Hdhms, ,, s s, BHERR—Mid
LT, EATZEILENERE UV KW, $s,, s s, @— PR IE
4.4, 02T S B — I Z IR SR 2 BT Z i B N Sigmoid AR, i
a0 N BUHE TR) ) AR R 2 W 2 3, Al S 5 ORI B (S 5 2 IR AR A . AR JE X R
— Ik ZI) R0 0K 2 R0 2 /TR 2 1 N i Sigmoid AR v B ET R Z ) FaON S 2 BT R
AR TTER, o 2 F R AS 8 I B — B 2 RS A R 2 N tanh AR R
23], e N PR B R RO 2 il A2, a0 HAE S B TR AR . B e aE
AT — I ZI RS L 2 AT I 2 00 4 N B A R e 1245 B4 22 o0 10 4 .

Ce

St—1 Cp_1 St St+1

4.4 LSTM M4 HIICIZ B e 5 B
ERT I TF RIS, Eid2 8o 2 B AR vF B0 s Ak i o¢ R 7 B AR, WP
KR e R N FEEEF, X B #RE .

ft :S(\Nf '[ht—l’xt]'l'bf) (4.2)
C = ft*Ct—l+S(\Ni.[ht—l’Xt]+bi)*tanh(vvc.[ht—l7Xt]+bc) (4.3)
h, = SW, <[h_, X ]+D,)*tanh(C,) (4.4)
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Horh S R HUR tanh p8 2y 0l KR W

S( = (4.5)
+e
tanh(x) = sinh(x) e*—e™” (4.6)

cosh(x) e*+e™

AR (4.2) FiBIHRELEEW, FIRE b 1T HASB —/MER 0 F 1 Z [
tefl A+ f, fORAER TR —B ZPIRES C v & B8t Bl e id 4z, 2 e 2 3
(4.3) HEFSEEFEESRERMKH SR, o, BEHEW .. W, B HE b
b, 1 T 55 24 Bl A 220 B A0 24 BT AR TR A RO STk, 4 A X IS B
ALK o< &R C,, Fe 4 0 AU JE B W, M2 i B b, 79 31 24 8T A & i i by .
HErME M S FRNER T —ERmAR T —B2MEA, 1ENT— BN

ANLRLAMA T 28~ —A LSTM B — B85k, miEANT —iZI1
NN AN I 2 A% 8

FER RIS, AR (4.7) ARk m .

minJ(U,V,W) = min(Z(xp (n)—x, (n))2j+;{%“ufn +%‘,an +%:V\/i?nj (4.7)

A 4.7 HPER > A B, BB —EB o Fl T ok A T e Nk 4 R 5 0 N Y S
OB T Z B ZER, 5 Ron B0, P BRI E . AR I 2Rl
BB ARE, ARTERBEZEZMEAHE, BEHRMEE -
LSTM 2. BTSN LSTM Ehi & 7 1EHaH, Bt ik BRI T
Pk BUE, BUOMAR M2 MH BPTT Bkt &R, N Adam &
KA B /N R bR

AT NE LSTM 2830 i BB, HBASHUE - PMRAZR. =
A LSTM 2. — 4 TimeDistributed 2 & — Mt 2, H LM B AREE
Algorithm 4.1 Hi45 .

¥k 4.1: Six-Layer LSTM De-noise Algorithm
Input: The input signal {x(n)}3™* and output signal {x (n)}™;

1

Output: The de-noised signal {x (nyy=re;

1: Randomly initialize all the weights and bias;
2: For each iteration do:
3: Forward computing for first LSTM layer as:

h® =tanh(U ¥x, +W “h%);

Forward computing for second LSTM layer as:
ht(Z) — tanh(U (Z)ht(l) +W(2)ht(fl)) :

Forward computing for last LSTM layer as:
h[(3) — tanh(U (3)h[(2) +W(3)h1(ff) ;

Forward computing for output layer as:

© 00 N o o1 b
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10: o, = linear(Vh®);
11: Calculate gradients for last LSTM layer through BPTT as:
12: 2 Z do__ ovh®)
av ao A(vh®) oV
. L oh® [t T . oo, 9(J,)
13: U® =diag[tanh (h® (I St 74
U(3) ;Zl: ou (©)} (Ilgl g[ ( )] h1‘.(3) aot
) L& oh® (4 do, o(J,)
14: U @ diag[tanh (h¢® A
o~ S [T diagtann (2 -2

15: Update weights for last LSTM layer through Adam as:
aJ
ﬂl'ml—l_'—(l_ﬂl)' oW ®

16:

1_ t
W =W -a- . a Y
/Bz t-1 (1_182)(W)
+¢&
1-4,

17: The same with V and U®;
18: Update weights for remaining LSTM layer in the same way;
19: end for

20: Save model in h5;

21: /** Use the same model to de-noise for different category of noise. **/
22: For each category of noise do:

23: Get dynamic ECG with the current category of noise;

24: Denoising the dynamic ECG with model;

25: end for

4.3 LIS FATEAN

e E— e T B R B R B B AR SE R . SRR AR DR R R . B A
BUR)REAR R B E r L, BB— B RBIE A, B WMo 222 LSTM K
M R 25, TR ACHE AR BGOS FE P, i I BOHE Rl A 1 s O ER SO R R N R S S RS
PPAGSCHE, RS OCBEERNLZE LSTM FEM KM, Kahao
R B BRSO L EE N Z )2 LSTM BRI 25 [ i, MRS BPTT kA
2 AN W7 U 2 0 FLAS 5 R E 5 A 5 (0 BB R e /A 40 % o 3. T HL R 1) 25040 R
FLS RO AR, MIT-BIH BUE % -4l Beth Israel BBt (BLFE Beth Israel
Deaconess PEJ7 o) FIFRE B T2 Be (Y S50 = A E R, XA PR S £ O
RSN AMCRER T, I BIEECE 48 4> 30 480K 0 XEE O L E
WA B, RET OISR Bk, 781X — 176 50 UF B A 7Y K 5k 78 B SE O
H P s i R

4.3.1 TEN$EFF

TE Y B sk GE 77 % FH RO $8 BR AL HE AR 1 5 R 2 (RMSE) #1115 8 tE (SNR) ,
RMSE J& fi5 152 8 T8 5 31 SEAE B AHAURE B2, BBk /)N 36 7 A5 28 ) o il B 78l &g il
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HH, SNR A THEE SRS KN, ERILBEERRES REBET. 29
& R

RMSEzJﬁ%ﬁ&JM—XJMF (4.8)

S 1 (07
SNR =10log =2 (4.9)

4.3.2 SLIGEER

A FE T B PR A e AR TR AR AN [R] SR 1 e S R 1 RMSE AT SNIR 1350 L% 4.2,
RA42AFEREFERFH TH RMSE M SNR

MER RG] RHIL O RKHI2 FKHI3 O KH4 KRS K6 Hal 7
RMSE 0.025 0.039 0.028 0.034  0.035 0.031 0.037
D-ECG

-2.703 35.327 -7.427 -3.466 -17.845  -7.857 -18.121
SNR
R-ECG
37.098 49.919 45601 39.323 37.214  43.090 37.021
SNR
I-ECG
39.801 14.592 53.028 42.789 55.059  50.947 55.142
SNR

K 4.2 AR ER ] 1~280 7 T8 RMSE 73 0.03 &4, Xul#iA
TR L I o N RS TR o) M R R N URK Y, A T T U R S A B O I A Y D
B3 FH B A [R] 28 1) g 7 g o e e o X — e R R O A A T A R M S 2 T v AR
WERSISOHEE, RUAEG TR R &R —8rE, HaENH TR
FAIMGEFE R R E S — R0, PR R AR 2 FhoE 7 R B AEAE R, D4R
REIUTF /N RMSE, 11X — & X R & Gu W 7 ik A 8 2 &1,

FIR, 3R 4.2 )5 =47 )R T PR AL AE SNR R seatgs L, v D-ECG
SNR HRBEMEFEI S LEEMERE, R-ECG SNR xR M AR M 3 & 0
Bk s S CBREMERLE, Mi/E—17 1-ECG SNR R /x5 A £ 15 i
be EERAS IR TE . PEME S DB S S0 SNR 7E2KH) 1~2K5] 7 T[RRI
E, XA E— D U TR AR A 0 TR R R N BUR N . X — AT R SIS 45 e
A DL B T A ) 5 M bL RIS, S AR RE 68 AR (15 e b AR TRt R R . T LR R
M7TF, HTEIESLBAES R RS T MRS, 155 5 FERETT
fEME bk £-18.121, L[5 SNR # T &mI& 55db, X @ T I A T
i BEBITE LA T I B AR g o R an i 4.5 Fios.
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Category 1: BW De-noise

Category 2: MA De-noise

15 - 1
input input
output 08 output i
1 predict i : predict
0.6 1
0.5
0.4 1
3§ 3
2 2
£ o £ 02 1
E E
< <
0 §
-0.5
-0.2 1
-1
-0.4 4
15 . . . . . . . . 06 . . . . A . . . .
0 01 02 03 04 0.5 06 07 0.9 1 0 0.1 0.2 03 04 05 06 0.7 0.8 0.9 1
samples samples
. Category 3: EM De-noise Category 4: BW+MA De-noise
input 1 input
output —— output
predict predict

Amplitude

Amplitude

15 . . . . . . . . 15
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
samples samples
Category 5: BW+EM De-noise 1 Category 6: MA+EM De-noise
1
input input
output outzut(
predic
predict
05 1 0.5

Amplitude
o
o

-1

=)

Amplitude

0.1 0.2

0.3 0.4 0.5 0.6 0.7
samples

(e)

Amplitude

0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
samples

(f)

Category 7: BW+MA+EM de-noise

— output

input

predict

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
samples

(9)
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4.5 F5l 1~ 7 BLILE

K 4.5(a) ~ () 73 7 0 BL A 501 Fg 1R 7 B g 4 R, B o R 0 S22 R R B
SOHAMES, SORARRN NPT E 0 BAE S, L0 S R o R B B [ I 25
Ko T DUE HY R AR TR 0 T 5 SRR S S EARAE L L R A A e 22, (B
ERE T ESOBEE S EEAIE, SRS R, i 0 AT MR
LA S FARKER . KUK IR T LI R A T BR B AR O BAE 5
R R RO AR T . MR SRR A AR, BUE 2R RN AR, B
PEREFE A A TR, XEEMT LSTM BRI K2 oo R E 10 HAE 5 2 1H
MR HOC &R, IFH&F 7L a5 MREGES KSR, 2224 LSTM
JEAN W S X R AR O AR, 5 TR i 0 LA T R

4.4 XFEE 57 4

ATERT S A HPO Kot BE K AN AR O BP M W 5 9B I B S
f 2 9N DY e 07 30, | T3 e 7 W R AAN B 8 T A AR B R R E e R 1 R
BEAT XS 7 RVEAE AT =B A SRR T ) RMSE R AGMELL AR TE. £l 4.6
2 7 TR R e B HUAR ) RMSE

RMSE of different methods

0.4
0.3

0.2
0.1
0 —_— | |

BW noise MA noise EM noise

B S-Transform B WT B ANN ¥ Auto-Encoder M Proposed Method

4.6 RMSE &5 R %ttt

Kl 4.6 FHXTEL T M EEE AL BWL. MA Il EM X = KR R 1Y
RMSE. S ARl (5 5 5 e B Ads, AR 5 15 By ik 55 07 NUEBR R A, N NIy
FIE $2 B ik A2 A0 5 R B AR # A 45 HL RMSE %Kk, fE 0.25 A1 0.35 Z[alah. ik
T ) R ) /)N B AR e e 1) R 3 B Bl T BRI, IR B E S T 5 B g, IXAT
53 RMSE fiefig e 7E 0.06 £ 4. BP & M4 A1 [E 4 b5 3% 34 7T PA H 3 $2 BURY
fE, MR R A A fE, A gD K E E O AR RIS T BN
RMSE, fE 0.03 A1 0.04 Z[H#3h, M BP 24 W 2% i T 45 fg A ) fa 81, 3L
RMSE 4E£F7E 0.15 45 . ATIRHIIZE LSTM [ M A5 81 A A5 5t [ {1 F0 375 WA 1)
FRAEBE, WO WA 55 M EE S —BE NI EHE N —0, Eidicis 8 oir
O BAE 5 M P ROC R, (A B 35 350 A 5 AR A5 (5 5 (A AR OC &, I Hoax Fb
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UL FELZR M I R R R AR L i A ) 76

R AR AL LSTM ZHF AW g 5E br, IXAEA A 5 52t 101 A e 8 4
FH A [ 5 7R Mg 75 ) o M s 6y oy, 2 MR 7 SR R O A e AR B T A R 5 2 A R
I, AR AN EORT R R R B E R U g R R HT B R B3R LA 0.03 A
RMSE.

The improvement of SNR
60

40

BW noise MA noise EM noise

B S-Transform @ WT M BPNN ® Auto-Encoder M Proposed Method

& 4.7 SNR IRHAZERXTLE

R 4.7 Ry T IR T EEE BW. MA Al EM X =288 7 N BUE 1015 et
BTr. S A, SOk AN A e, BP R RN 4% DL K [ g R 23X L T 9k B N
FAE R A RS BUNE T, M3 O BE S HEM T AE 0db 1 5db Z AR, #E
S AR A5 M LU SR T I AE 10db A . MARR MK Z ZE LSTM [ M A Y e % 1&
T E W L EARE T, Haha& O B 5 145 M HOBRIK, B 1Y e 9% HUAS 1 15 et
PEFFEOK, fEFH 3 FALREA MM L HE =i 53db, Xz & T ILA R
Wk 7V o 3K (A I A 150 B AR A R 2 T i S22 T O AR S R AR S R, HAE ST
TOHAESEEEEGSE KRR, FHEREmNEGRPOEES HTRK
EbE, MEEEESEZAD LSTM ER AW LY, BERSAESHED, B9
(A5 e B A5 3] TR K42 F.

IR RHAZRHMEZ)Z LSTM BFRESRIE £ B0 LB THA R
g7 vk, JUHETEEM 3R b X AT R8BI B W 7 VR A7 78 n R IR
il -

(L) KBAEF R IR, JOMESSEWERERZ G, B
AR X 73 B 75 {5 5 MG AR 5.

(2) WRITHE WY, MR ESRRELZE, TERIEIA HRRE.

(3) HMEERM KA G, FEEHHERIE,

SR, FEVBE N &5 fg I A2 0 iE I 4% 07 XK, O S 5 AT e 2 R I A5 2 b
KA M, T HIJCVE FUANE 5 b B M A 2R A H 2 A B I 7 vk K 43 #B A
BPof R — e KA R, MR ERMKARSE, FEERHERE. AERHN
BAGEE Z A LSTM JZHEB00 L B IR Z R E, B & B A BERE, @ T
B AE B B, (A IR O FAS S AR S 5 — AR VR A B 1 — ER 2, IE i d Az
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IR B O LA T A B, 30 FAE 5 AR A A 5 TA) IR AR AL, #2501 X R
PRI o S 36 3 W] T 408 Y 0 A8 Y g % L4 2 P 1) 22 b SR R )0 HELAE 5 A B MR o
FEANF SN B HUAS 1 3/ 1 38 U AR R 22 AR IR A I L 4R T

4.5 INGH

A T B TR B A IR AR T — AR 0 H B R 0, XA TR B L
FL P A A 8] A7 £ 9 AR A OC 28 1O I 18] P 21 s, AU LSTM 2% 1) e 12 ot
TR B 0 HUAE 5 (R B R &, [ 4 700 B AS 5 B I 75 15 55 TR) AR O &2, T
ZA LSTM ERBUE 5 MR ZE R E, mREREROEMES . T X s
PE, 3K B A BT 4R 0 e M 7 9 A AR R AR AR PR 3 ORI W B, 9F B 0
HL P A e R SR A e AR ORI, AR E B, AR EERIIZGEAR, W
CAE BN M BIAS R e s A 5 b, BRILZ b, A 55 b P 5t H 1 o M A 8 g % T 9
J7 B 22 g 7 R I A7 AE IS R
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BOE S EERLERERN 5 H

5.1 5|5

O R B AR L, A T O EBAE S R A AR R, kT
FECOBCH L R, BRI R, P E N 2l ORI . AR AR TR B A
F, QEREIEMOKITIMEEZ, FMORERE LKA BHER
., SR, BEOB. ARSEREN . GRSESHEE . S EHEGR
. HET, OFEKE RSN B T E MO B E R AR, HEAE
RO ERG T, SN 73R TR 20 I AR B TA] G F 2 g3 A R
e O R B, DR EIM BT AN TS A RO T — MR R,
H 35 Hr o] LA G0 0 B % SOB B, R A O N R P BRI A5 B R 48 3 3h 4 i 1)
ZWEE R, MALOI EERELREREROBE AN LR, wikFM4S
Wrah R . SRR 0 AR Bkl KA R AR 2, {H2E 58.7%()
Oy FEUERA AR B PR 70 R B Bl 4 SR SRR AR IR B R .

T RS 4, O F B R R AE S M Y, BT S A O i B L
TCVEH ) I M b O LRI R R . O 1 HR DA 2R R Bl T 20 28 RV 1
B, ARSCKOERERN KW PE, Ko B RS JER, RIEEL
FLmh B R S RO BB A S O R E R 2R, £ B, BdE 2R
LSTM [fMEiAd, HUf8 T8 /MNP RMSE A KHIEME IR T, M2 EF
MEETHESRENHSLHEE-E. F, £X—%F, BUL—FFHN2 2
LSTM M 5 5 N SL I 5 dE, UBBRmMame (CNN) B, Xt
DA b 280 A 0 B 4 R0 TR O Bk T A O\ 2K

5.2 1-D CNN 4 =8I

O R BRI 2 8 1R B A A o S0 A B A, 0 el o B B T R D A
AXTHRAELL ECG A BUNEAN R, KW RLOBET M EABIEN R, T
HEMNESN ECG R HUH — /0BT, M s DL BE Beat 38 7 A (1)
R JUEME, Joib24RHGEE Beat ik BIHER 1) R PBIEE X T 4514 7€ 2 4
BRI LR BN S, AR AN TIFE. R ECG f BN A Kk Xt
%, W R 75 EAERE 2s Bl 5s #—BOZE4EN) ECG E 5 IR, HARERIUILA
s B TR R, E2 SRR A 2L BE Beat 1EAN R BLZ A
ARANEI ), AR A RE Bl — S T Boh AL Bk Beat #kAT, MATH

42



Al - 28 S

FY BT I Z A 0Bk Beato IX P AT BUHE A Bt X R A 75 LK 5.1,

1. L L L L L L A L 1. L L L L
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800

Beat 2s 125 ' 2s

5.1 I#2BUO Bk Beat #1 ECG E&

ME 5.1 Af LA, BLO Bk Beat NIEEAREIE ALK, FFEE LRI O
R R IS, SRE0L R WIEME N, 4RI, Xiﬂﬁﬁ\ﬁﬁiéﬁzﬁx%
4y ECG {55 B, ALK — 0Bk Beat. 1MLl ECG By E A B i s A i,
RAEES ECG 5 LENBAEN ECGESB, B ECGESEN—IERE
BAE ot 5. BAREECOBE Beat MU RE LA E 24, H A5 AL 05 7 HUF A 6T EL 8 UE
B0 Bk Beat, X T2 B 48 9 45 455 R AR I SRR U E B 2 BRI B, O 4R
W ECG E5 BRIk, HINFEMUE R M, (H 2 A 25 1 1% HOAN B8 1) 77 i 75 22
BT LR, Kk, EARZ S, BidRIGOBE Beat ENEAKES S,
AU 5.2 Fras ) 1-D CNN 4p A7,

MWMWLVJ [ Aﬂzseatﬁ;sfk% ]

%Eﬂn? V‘tﬂi‘ﬂa

\% S
WMMM T
[ rhiic | ‘ (W SER-RIRE | it

: Hi#E 4 -Beat MK
. e IE5): 74985 BPERA: 2544
HPEF Y 7128 OB 7020
ER A GHL%E: 8069  #Eih: 472

AR AL G 7250 =M 106

5.2 1-D CNN />#k Beat > &8
£ 5.2 fi7~ ) 1-D CNN 0Bk Beat 43 2B b i 1-D 3= 2 48 fa N\ H0 i 1) 4
B, BT OB Beat G RAEERADIAMHEE, KFIbEx B A2 Bk
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Beat {5 5 44, 1 4EMUf5 5404l v 78> CNN BEAYR 1 4B 17 50 Bk
Beat 73 KA FEZH B /- Ak, HAH o2 v s, ik mkH s
EMNELEN ECG E 9 IBUEAFRM OB Beat, FWEAIAIHZECCBE Beat fid 2
K fE 5.2.1 Wi AUR ., 5 8~ L2 CNN R, CNN BN 1
#H.OBE Beat (5 58, 22N EME. WAL Z L Dropout EfE, Eid
Flatten BRECK 2 4% N — 45k, ®mEEE —AN =22 &8 A W %15 2 54
Mo ka R, T CNN BRI & & EX OBk Beat #H47 )\ 4025, Bk RH
softmax 1E A0 R R ETE k4, HAZ KM Relu fE NG . 53
Adam {675 A1 Back-Propagation 5L #r CNN 7 KB M EE, Uk/ML2
SRR AN B A, EARE BRI

5.2.1 #IETALIE

RGBT AR, O AR R B BRI A 2 ) B A A T A R, A 2 DL O ik
Beat NIEAXT G LL ECG F BUNFEANT G, 1M 75 A5 S48 A % H i /2 0 Bk Beat
VENKEI 432858 %o AT WES: ECG 55 I 52 # 1.0 Bk Beat, ST R
WIEE AL RIER HERN—D, KERNE MIT-BIH fiiEFH s 7%k
B O B bRid. £ L —FHhEgast MIT-BIH B £33 7HE, XM
WEFAE T 48 FHMidk, BHRILRBEE T 2*650000 MHHE A, HidwT
“RBOHEEEE. MIT-BIH £ F trid 3t f 23 28, K5 RR5 0
HN: NAV~|Q/f+xFjLaJR[!]ES“e, 23N FR%Er 23 EHic(E
B, B RbRid ) B RS ULk 5.1,

# 5.1 MIT-BIH H#EEFRICILEA

Frid N A \% ~ | e ]
o MR =ME O ESHAE L QRS MR HEY
SN IEWED) . IR
H #H AR e BE e R
Frid / f + X F j E
BED  LEN DEME  TAME =k
X OBk APB
Bk &' L Bk i 8 #
Frid L a J R [ ! S
Sy ERIAE SEE AWM AERIE BEITHG - E
: SHw MRM RM 0 S b - K

FAMWRRRS, “RARTERE, 1 Q R R IrK Beato HIHAFMIARIC A X
TIREMESR KO BE Beat R B REE, XELAKIAE R-R HENITHEE, R-R
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R TE 2 EL: ECCE S MAMIELSM R WIGE MM EEE . a0 FA X 5% F5
BE—Fbnid, WA A KRS EEA R BWIEE PRI, A — R ™ E K i
AL R-RAIRGAR /N, AL R-R BRI K, XXFTF% R-R AT E 2
WHAFIR, AMUFTFBENABHNEAEESHIEE AR R-R A, & HHEAD
[1]°F ¥4 R-R (A B 2 A HERR . BEi i B R e W& L 5.1,
B¥E5.1: 0Bk Beat 2 HUH

M &L ECGIE5S;

Wy 0Pk Beat

1: LT 48 Kkl kA arr;

2: MTHEE arr FRHE—FILR:

3: FANHESECG 4, 17 signal 4

4: load(‘ECG_path’);

5: HAXFKILEMRICEE, 7N peaks A

6: load(‘label_path’);

7 TESE & peaks HHR B A ARIC N N BIFRIL

8: Npeaks = peaks(find(label == 1));

9: i3 R-R A F&:

10: rr_interval(j) = Npeaks(j+1) — Npeaks(j);
11:  fiiiE R-R [)FG -

12: A1 Fr R-RTA) B 5 K B 5 /0 ) 2o

13: M -FH R-R [AB%: avg;
14: i )\ANTHEE, HTREAHEZRE T OB Beat;
15: X T peaks EEHHEMFIL:

16: IF label==1:

17: KL signal(peaks(j) - avg /2 : peaks(j) + avg /2), fE’A Beat;
18: IF label==2:

19: FRHL signal(peaks(j) - avg /2 : peaks(j) + avg /2), {F’N Beat;
20:

21: IF label==8:

22: REL signal(peaks(j) — avg /2 : peaks(j) + avg /2), 1£N Beat;

23: RAEARFEEBK O EE Beat N MAT X0

SRS 5.1 LR 200 B Beat B i = A7 T 19 5

(1) FEIAMMGR G R-R [FG, X 2 B % BUE 2 5 th e, 1T
B F R EHORT &, LT R — U 6 AR T

(2) 1) R-R AR, 1T 26 5 R-R I B 0 0 504 [X 30 0 45 45—
PR AT, KT ORI ME N R BIE MR DA, (ARE BTN
ST RTMRRIC, S R-R I W 1 R R M 1

(3) BT ARMETETH T ARG R-R W, 2 M %03 b I
Bk Beat AR K (0, AR Fic 3 00 Bk Beat X ¢ L 5.3.
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#100 length=288 #101 length=348

5.3 TFE KK LBk Beat
O FERN T, FEKOBE Beat /8 1-D CNN 08B A (% N, 1
FoBk Beat BIKEEAFHSE, X T 70 88 K2 AN 4 BRI RRAT, PR 1 75 S 1
AN RBZHEFERFT AR OB Beat EHMEDSKE, HAKNE AL
b Bk Beat M KK, AR5 R =UCRFEZ B A R4S Beat 75 Bl A KL
P 0, AR B R b Sk R R R AR S A R R4 Beat S (A HHE A, BT
PL1S B K 1.0 Bk Beat, — IXCRAFHE 5 190 Bk Beat W 5.4,

#100 length=288

1.5

-0.5
10

0 1 2 3 4 5 6 7
#100 length=430 RN

l_

1.5

0.5f

0_

-0.5
0

5.4 = )RRk {E/FHI L BE Beat
W = UCRFEEAE, BAAW LUK P A 0Bk Beat FEBIMFIKE, (H2K
5.3 [AN e it 1 5 — AN, Ok Beat TR R PBUEAE LE R AT L E R T
— BRSO B B AL AT B R S A DR Y, X AT fE S BURAS IR H
Ok Beat £ R IEEH 2 G T 5% 0Bk Beat, &% R 35 % 1 32 25 K 2 4
HA B NAEEA R, KIS 2R ATREMAE Beat A2 #7058 adi{E, Hilt
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TET RENJER . N T RRIXA R, SRR PGB R B A A P
I AEAE 2 A 0 Bk Beat 551, {H & H Al S (1 ) SC 2 HE B

FESYE 5.0 BRSO A ot B T e G LR i i R B, o EL AT B
TG 4 (B B, SO 0 Bk Beat SR U R WL 5.2,

Bk 5.20 a0 Bk Beat £ BRIV
BN ES ECGIE5;
i )\ Beat;

D E XA 48 FILEKMES arr;
WAPTA KPR EE, 17\ peaks 25

load(‘label_path’);
B A AR 8 N FRId

Npeaks = peaks(find(label == 1));
M5 R-R [A] [ :

rr_interval(j) = Npeaks(j+1) — Npeaks(j);
W ERASEHE R-R (8] b -

rr_interval(find(rr_interval > BASIC+100)) = [];
0: i3 F¥ R-REBEM —2F: len;
W TRE arr FRE—FEX:
12: WNES: ECG H#E, 1A signal £4 -
13: load(‘ECG_path’);
14: AN KL AL B s, 7 peaks A
15: load(‘label_path’);
16: i =44 Nbeats=[], Abeats=[], Vbeats=[], Pbeats=[], Lbeats=[],

Rbeats=[], Wbeats=[], Ebeats=[]; 7 /84 35 %! ] Beats;

17: X T peaks &£HHHEMRIL:

P ©O© 0 N O O b WN -

[EEN
[EEN

18: IF label==1:

19: Nbeats(end+1, ;) = signal(peaks(j) - len : peaks(j) + len);
20: IF label==2:

21: Abeats(end+1, :) = signal(peaks(j) - len : peaks(j) + len);
22:

23: IF label==8:

24 Ebeats(end+1, :) = signal(peaks(j) - len : peaks(j) + len);

25: PRAEAS A SR 0 Bk Beat A MAT 344

Bk 5.2 RAERNE 5.1 MEAE B 7 AR iB e, O T 0Bk Beat AN5E
K g] S R S5 ) A, fESYE 5.2 K R-R ARG B TH L = R S0, AR T
v R-R B T2 /A B &, P70 Bk Beat X #i i fl X — 744 R-
R (A fB/E IR E Beat HIFRE. FIRFES L 5.2 Oy 1k N W20 Br A & 3L
R-R[AIff, & X T —HE BASICE NG ERAGH R-R EBEKTE, X+ R-R
] b iz ki BASIC 1 RA R IZ AR+ BASIC B4 = E AR M Ex -

FELERERM A, AT T RE WK -LRAH Beat, I LIEH Beat
AR IEERE (N - BERE (A 2WHRE (v Lo EoBk (O Lk
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WAL FEA (L) « AREFHEE (R) o =4 () o ZEH&RE (B) o )
T8 5.2 2 JE, BEIMATA LBk Beat RN 289, TREAM LBk Beat
1) 25 FC S WK 5.2,

#F 5.2 J\ZL Bk Beat #

Frid X Beat %
N 15 5 74985
A J 1 4 2544
\% QR 7128
/ e 40 Bk 7020
L 2 RS A% 3 PH i 8069
R AR S A% 5 PH 7250
! = 3h 472
E = 1 106

fEFR 5.2 FAEH THEHIOLBE Beat iE, 1A MOBE Beat —3L45 107574
Ao MRS Hvk 5.2 $RECH A9 & 250 Bk Beat LK 5.5,

L A

e

5.5 J\Z Bk Beat
5.2.2 %2 CNN 92458

Sl HyE AL fE, MIESH ECG E 5Bt T A FKHF LBk Beat,
FEHEHL T N0 Bk Beat #% 1-D CNN A 544 . CNN B LeCun %5 A
fE 1989 FH KA, AL TFRB[ TERWKRE, IO 2 BAETHE
Moe. BRESAE., TAER., Feex A S EFMERAIT, CNN
MEEMEGREMAEEEEMR, HA SR DA D &SR — S 5dE
REAE B EL, (H&FR 2 Mk ERER R0 K, BB A A 55 2 ) — 25 )
FREREE . Hh2Es 2R 2R G E RN 2 B EHEGE i, MR
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) BP &M %%, SHEMEM, SEERIFEHN D, BS80E 58K,
HAl, CNN BIA FERN AT B A8 (i KRBT E 8 ImageNet)
DR b 3d R R 2 2-D CNIN BEAY, BIACE RO E0HE . B A% DL &tk 2 2R 2 —
AEFiRE, b gl RFE RN M, Wk 5.3 LR ER CNN AL LE ImageNet
bR S G A A SR K EE
R 5.3 JLFENR DNN EE X}

. Top-5 %% ‘
4 DNN A W 4% J= £ ZHHE EATre G
(ImageNet)

GTX-530

2012  AlexNet 8 16.4% 61M 3GB 5-6 K
GPU*2

2014 VGG-16 19 7.3% 138M GTX1060  3-4 /NHf
Tesla K80

2015 GooglLeNet 22 6.7% ™ 2K
GPU*8
NVIDIA

2016  ResNet 156 3.57% 26M 14 K
M40 GPU

bEE CNN ZE M, TEINLHEKNSHMEEG N, CNN AL B
Bt K BE 3 0, (B RAEW M IR BT, THE IR A7l 55U A FL ) B U S A A
YR AR 2 B A PR A 1100, BB ECG BT RS HIEN—M, Xt 4R A
B, —4ESHIENTE IO FT RSB, Fik, 1-D CNN 8 7E A = 4
B T30 B E RO R R, B AR LK 5.4,

% 5.4 1-D CNN D&% MR

Layer (%) #HiHikE S & %R
Layer 1 Conv2D (None, 1, 289, 64) 256 1x3
Layer 2 Conv2D (None, 1, 287, 64) 12352 1x3
Layer 3 MaxPooling2 (None, 1, 143, 64) 0 1x2
Layer 4 Dropout (None, 1, 143, 64) 0 0.25
Layer 5 Conv2D (None, 1, 143, 128) 24704 1x3
Layer 6 Conv2D (None, 1, 141, 128) 49280 1x3
Layer 7 MaxPooling2 (None, 1, 70, 128) 0 1x2
Layer 8 Dropout (None, 1, 70, 128) 0 0.25
Layer 9 Conv2D (None, 1, 70, 256) 98560 1x3
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Layer 10 Conv2D (None, 1, 68, 256) 196864 1x3
Layer 11 MaxPooling2 (None, 1, 34, 256) 0 1x2
Layer 12 Dropout (None, 1, 34, 256) 0 0.5
Layer 13 Flatten (None, 8704) 0

Layer 14 Dense (None, 10000) 87050000

Layer 15 Dropout (None, 10000) 0 0.5
Layer 16 Dense (None, 8) 80008

fE% 5.3 Fi/ni 1-D CNN BRI v, S8 E 0 87512024, H K25
KRERERWARERZ, BEMNEERSNHDT:

(1) #Ig6ft; CNN IR R T8 B T BRI 2 ik, = Zah i e 8y
e 2> BB BA N R 3B Al s o DR, B B BUAE I 0T 46 A0 Tl 2o #2 ok g AR B
T, fE CNN#F, REFEQHESGHEZ TS HEMEEEZHNSH . Xavier 4]
SR TTVEAE 2010 SRR, 7E DL S P BE AL 46 A0 B

6 6
] o

Fodr n A n o 0 48 O\ A e oA B, BT Xavier WIER AL T VAT
fitE— 5 7 Z R T REAH SR, OREE M M 2% i3 B i IR 3) .

(2) B, SEEBEMATHEMEAE, CNN B K EMRZELH
EEAMBUE L Z 1 SR> THREINAN S E. e EEMgd, i
Bl & K/hJy 1000%1000 B &, REEHR 1 A A Max, Ba¥af
1000*1000*1000000 M3+, Bl —AMEE)Z f 24k 1002 NS4, H&TE
CNN A, BB KN A 10%10, BB eEa MAUE L=, &2
G Z BB E R RN EE, BERKA 100 M ERZ, B4
T EYI I Z 808 10%10%100 41, 2% & M 10712 Ji/b ol 107, T H, fFERiE
HBRGKER T BR/ARSTHERZ 153, BREZMWERZANE, 16 RIEH 4N
IR BT, WA BB S5 RRAE I — AR O R 0 R

m,-1n, -1

Fs,t = Z Z Aﬂ,nBs—m,t—n (52)

BB Z MUK EE B LT BE AN S [l AR R ik, o B AR At Ak = 1B L &

oty
OE _0E 0% _, o,
aWiJ' 8Vij 8Wii ' aWiJ'

e, AR B R A O R

(5.3)
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_ T
M—V%)X (5.4)
1M Ve, &0~ 55 P

I a, alzl """ a, ay

a, Ay v P n2
Ve(A): .I.. I... ...... '... I... (55)

al n-1 a2,n—l """ an—l n-1 an—1 n
al n a'I2,n """ an—l n ann i

(3) WEMA; /£ CNN BRI, BuF s + o BZNMEG, £4
il PG B O, CNN BR[O — R i AR A 2kl &, T ERMAamE
ARTEA PR, AR ME N EE 27 2] B R 28 s A S I RE D, AR e B e SR S B
AR R AR At B 0 EEMEA, BARZ RS A CNN
PR H RO R B S N =
1

Si id: f = 5.6

igmoi (x) Tie (5.6)

Tanh: f(x):ex_e:X (5.7)
e*+e

ReLU : f (x)=max(0,x) (5.8)

T Sigmoid B AT Tanh pR 2570 #4700 28 B T M0l TR AT, A7 786 5 VH 2K i)
, 1 Relu BREAPOE A EH, HRSUEER Tanh K& 7 6 5, fEIRZ
/ﬁf%?’l‘%iﬁlﬂ%ﬁﬁﬁﬁ Relu fE NG K%, 7F 1-D CNN 2y BRIt fli ] T
Relu 1E 40 iR 2
(4) WALJE: 72 CNN B, BEEZERmE, BN EREMSHE
bE 2 38, T A 2 R DU SN R R AE B AT R 4, AR DUERRAE B AR N, A
ez ik B %, Wl LT RR AR R 46, R E AL, Wtk E 00— MEH
Xt BRI A e R R AR, B EMR ST W e . PR R4 S
e, WAk EAEAE R A7 BAK TH PT CUSR BB AH A B RRAE, X — ek amf AN THs
W 2% TCE B . AT 323 Ak 77 VR S S A R R A A, P 38 Ak e
% ok /D> oK A $ I R R ) O AR ORI R, T DR/ W S, T R T I 1021
T
a, e{O,l}K,cxiyj =1
if j:arg min||x —dk||§, (5.9)

Za

ieN,

1 f5x K AL B ﬁ%f}ﬁ/'\ﬁﬁﬁmﬁ& o R TP R DR RS R AL, AT B 2 DR B O H
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S MgEE R, IR R .

o, =argminL(a,D) 2 |x - Deff, + ||, (5.10)
hn;=Mmaxa ;, for j=1--,K '

m,
ieN,

B KAk 77 NAEWS S AR AL, 7 1-D CNN 23 28 B5 7Y rp = ) d k mAk () 7 2
B2 B0 HL P A IR ARRAE

(5) Dropout /z=; 7£ CNN AR, WREM K SHOK L, Wil ZhFE A K
A, B FEAR R R LA ), B CNIN A AR I R B b R Ok R R E i
AN, TRIAERA 2B E, HRENNREE ESUR AL, SRR ECR, w
W R M AK . Dropout # ff— 5 Lo ] B AL 3 1k — & 43 & = 1 R Ok B 1k CNIN
B 4L, Dropout [z N EIRE pH & P g B vh o B odls, O LS
SEMEE AW R, N TR EASNEIN Y B, /£ 1-D CNN pREAf 2
XAEH T Dropout Z.

(6) TRRE; ARSI EES, SRR RR THAENGHEELS
WHEm B B ZEE, &EENEYIEEINGICRKCH. /£2 0K E5 T,
softmax R £ A2 8 H o 2 O B0E R %, softmax R E AT

el
e

A LK softmax HEAE A ME 26, 78 a8 BUHA HE 45 IR A, 3 T DAk B 6
BRI AAIE NN E br . £ softmax & & H 2 1 B0 & B,
categorical cross_entropy & FI{EXT MMk E, HFRERXWT:

L :_Zti,j Iog(pi,j) (5.12)

(5.11)

S

Horp ¢ RORFEARM L, p R B T o 72BN E K pr s,
B Adam e AL 2504k 70 BB A ALE . BL 0.0001 fF 52 30 K

5.3 LG FNIEMN

7EE—TART, DHNET 1-D CNN 4r 2857 o il $ 4 kb 28 5 38 LA K2 23
KA G, FEHIETAH A, FARCER. RIEIEMH . R-R [ &S HRE NS
AOHEEFRIH T 0Bk Beat, FL/\K LB Beat A T 107574 MEA . H
K, NEFLfEREEFEE (N o FHEREE (A . s%FEE (v) o ZEL
Bk () . EWRSAAZHEA (L) . ARASHES (R) =4 (L) o =ik
OB WA E T 0~7 /A%, M4E softmax 0E o UK brid # #:5 one-hot 4
i JE X
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(5.13)

o O O B O O O O
O O P O O O O o
O B O O O O o o
P O O o o oo o

O O O O O o o

O O O O O O O

O O O O O O+~ O

O O O O O o o =

¥ 0Bk Beat fE8 1-D CNN 20 2B B % N, % one-hot 4815 J5 HIFRIC/E N
TN R s, Zad 100 Bk )E, BAGE T T YRS

5.3.1 iEfr 645

O W R I 2 2R B OIL VR A fE b E E S AUC (Area Under the
Curve) . Accuracy. Precision. Recall Pl Fl-score. X /JLFh# W AIVEM 18 b5
BIMR S PR G, R A M MR o R AN BT gs R, AR
bk S oy R AL PERE, W R K 5.5,

xR 55 BEHERE
S MIESES
FLSEAE L
y=1 y=0
y=1 TP(True Positive) FN(False Negtive)
y=0 FP(False Positive) TN(True Negtive)

# 5.5 % TP R/ATUMA True, TMSLPRZE True MFEEIE FN SRR B0 N
False, Tsifrs2 True BIFEGIEL; FP R FUMIN True, siPr/2E False HIFEAH
¥, TN RO N False, T sEpbrtl & False WIFERI . WIHEE 55, ¥
Accuracy. Precision. Recall 4355 S F 2

TR E AR R AR TP+TN

Accuracy = BFEA¥ TP+TN+FP+FN (5.14)
o TR True HOEB TR ASL TP

e Ion = A TelOFE A TPrFp )

Recall — TR A True HLAER TN FIFEALL TP (5.16)

T ESE RN TruelIREA L TP+ FN

B fE SR PR RPN o, BT Precision Al Recall /&P /ME, TEiRAR 48 5 A
fE R AL R 4 5K, Fl-score £ & % EA AL [ Precision Al Recall, X 7521t
% Fl-score B AT 52 BB AU AU RTLE, 4% F1 & Xl R
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. Precision*Recall
Precision+ Recall

)5, AUC 2 —/ME, F/~ ROC (Receiver Operating Characteristic)
Mk TR, AUCEB R BB BT . 7ERE ROC MhiZkdl, &/ 2 & LW
ANAFE, 7352 FPR (False Positive Rate) Al TPR (True Positive Rate) , ¥
Hoe 2

F1=2

(5.17)

FP

FPR = (5.18)
FP+TN

TPR=—1" (5.19)
TP +FN

£ ROC & Ahbr &2, UL FPR Ak dr, DL TPR N 4R, DLILARH —
GRG0 A W 2% 1Y By fE — 2 0 BR AU I AR B 2 — R
B, TG R 1R, HA&TNES RN 0102 1 B TR B BfE, W
R T RMEBM N 1, FWTENCA 0. Eit, HIEECASE K REN, &S5
KW RAR, BREEM KA, ha 5.18 Ml 5.19 7] %1 FPR 1 TPR th 2>
KA A . AE XA [0,1] 2 18] & BUAS [B] 1) BB I, 5k 2 T2 SR 2 % (FPR, TPR)
e, ¥ ARK (FPR, TPR) HE{EAI &R b, WA1F5] ROC Mizk. m AUC
s ROC #i2k. B TPR=0 DL X B £k FPR=1 [ B i X .

5.3.2 SEIHER

f£ Keras 2.0 1, LI & 5.3 Prosiy 1-D CNN /O 2K A I 7 KB Y,
¥ 107574 MEEABEHLITELIRF J5 . B 90000 & FEAS 1 s B ()l 25 Ko b, o0 4%
() 17574 2 FEAAE AR MR 2dE . g, 03t 7MLk R . F1.
MR RS, EE 5.6 ol T RRE FL DL R BRI
B AR A A

Loss

4000
Steps
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& 5.6 Il id T2

M 5.6 Farmls T IR E . FL {H DA R R U A B 5 I 25 280 K AR
i, FTLUE HEEMTEZ T 1000 26 (GBK N 500 MFEAD J5 C A ISR,
IM7E CHR[156]17, J. T. Jun S AfEH 2-D CNN BLBKG IO K5, FIAETESS
1000 DAL TF A6 LS,  Re WS 5 B I [A] N 58 s A 1) I 25 FE 245 28 T~
AN T TH] R A

(L) OHESEEWEER, M HFELE 1 4655898, mHESHER
A AE 300 S HHE

(2) 1-D CNN BB, BABRMEGREZE, HEAXHT 1*3
WGERZ, b THRENSHENTEE.

BRI ZR e e, e EIAS I SEgn 45 RNk 5.6,

#56 LWER
Ei=RuN Accuracy Precision Recall F1 AUC
g 99.45% 99.45% 99.45% 99.45% 0.99

K 5.6 FAAW TR RARMERE, BE— D1 SRR IR AR B TR A R W
* 5.7,

R 5.7 BEER

N A v / L R ! E
N 12329 10 10 1 1 3 1 0
A 48 329 0 0 1 2 0 0
Y, 19 0 1097 0 3 0 3 0
/ 2 0 0 1135 O 0 0 1
L 7 1 1 1 1296 O 0 1
R 7 8 2 0 0 1169 O 0
! 1 0 0 0 0 0 63 0
E 0 0 0 0 0 0 0 21

MR 5.7 F4h H TR A R AT DLR DU AL G T VR A IE W O Bk Beat A1 A
SO EE Beat, {HE RIS H OB Beat 98 ER RN H k. HE—5, KB
B P ROC Rl £k 2 i1 W18 5.7,

55



UL FELZR M I R R R AR L i A ) 76

1.0 A 1
’z
e
-
0.8 1 s
. L
’f
b= -~
L -
© ’
o 0.6 ’,
2 e
= ’
(7]
& ot
o rs
S 0.4 4 ’
= e
-~
s
-
PR
0.2 IRy
’I
PR
e ROC curve (area = 0.99)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1

Average Receiver operating characteristic

False Positive Rate

5.7 15 ROC Hhzk

0

R 5.7 H RIS H T AR SE Y AUC SN 0.99, [FIRF ROC B4k LIRS ik
b, RIWT 0 BEBREOHRRFERN L RIEGE. HEAARR, X&EMRR
BBk Beat 5, LR —/ArRFmEE /\KOBE Beat i) ROC Hi 2k WL K

5.8,

Receiver operating characteristic to Multi-class

1_0—:,:_:;::::.‘“‘““"‘““‘"""""‘":::::::::::}:
PR
s
’
s
-
0.8 1 e
s
PR
o -
E: -7
v 0.6 = = micro-average ROC curve (area = 1.00)
‘.ﬁ = = macro-average ROC curve (area = 0.99)
L ROC curve of class 0 (area = 0.99)
%04 ROC curve of class 1 (area = 0.98)
= —— ROC curve of class 2 (area = 0.99)
e ROC curve of class 3 (area = 0.99)
’,’ ROC curve of class 4 (area = 0.99)
0.2 1 7 = ROC curve of class 5 (area = 0.99)
Pid ROC curve of class 6 (area = 0.99)
,/’ ROC curve of class 7 (area = 0.99)
0.0 . r : :
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

5.8 J\2& ROC Hh%k

£/ 5.8 HoRIGH TR —K0BE Beat £ 1-D CNN 42K A i) AUC
B, Br 7% =0k Beat (5YERHD ) AUC N 0.98 24, HEFKHHO
Bk Beat i) AUC ¥4 0.99, FrA ) ROC HiZk¥y LI EIE A M. ML L& T
W FaIr kA, ARZTRHD 1-D CNN 40 8588 58 0% 55 4 (1) 46 I .00 82 2K Beat,
D I AR o A 2 A 4 £ TR R
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5.4 XtEE 53t

FENEE A, BEAT TN U5 T X B SR . 5 — AN 7 T 0 6 e s 56 S A
Pl mi () 2 HE 19 1-D CNN - BB i &, R B2 — R K58, @
ik XoF B A e 1 S A Y 1 O RUME R B FR AR, — U7 T AT DASR IR 5 DY & v A A B
DT RE, B2 15 7E SEBR M A I [R) I JE R 170 AR S R B AR s 5y — 7 I
0 R] DLIG IE o 2RO Y o M 7 () RS RE X T A RO R R BRI R TS RE N LR I
1HEHf R IE AR O Bk Beat 287,

5.4.1 P& R R XTEE 21§

fE b — A B se s, R ) ek B S R0 F B, O TR B R R R S
SYRBIVEREZE S, EART LI B A R0 B B E B R R AR, IRR
FAH R FE B0 Bk Beat 1977 V5 NS0 S 5 R EU\ R0 Bk Beat, £ keras
2.0 hiEEEEMER 1-D CNN 70888, Elgrdfed, d=3 1 % ek .
F1. RN R, £ 5.9 AU ZE H 41 2% oR H bl % A8 0 38000 28 4 )4

Loss

T ———

Steps
5.9 HMIRHIFBRINEIIE
ME 5.9 Faf LU M AFAEME A RGO 1, BT A AR A TP, A AR A
U S22, 2L %) 4000 /> step Ja JF a8, BRI ZR5E a2l B
RS g 45 R Nk 5.8
*58 WHREFEELBLER

=R Accuracy Precision Recall F1 AUC

g5 R 93.96% 94.01% 93.93% 93.97% 0.98

5.8 g T BIALFE Y MR AL AR BB M RE, OGO AR B RUAHLEL,
BNVEM R AT T, TR T2 5%, BILA I, M E AR E 78
R SOE BE, R BRI T o SRR P R . R mT ok SRR R AR AR Y
R AHE L2 5.9,
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K59 WRHBIEERBESER

N A \Y / L R ! E
N 12338 1 5 0 10 1 0 0
A 92 276 1 0 0 11 0 0
\Y, 47 4 1052 0 12 5 0 2
/ 2 0 0 1136 O 0 0 0
L 3 1 0 0 1302 O 0 1
R 16 33 0 0 1 1136 0 0
! 6 0 0 0 0 0 57 1
E 1 0 0 0 0 0 0 20

M 5.9 FRTLURHEL, AR 0Bk Beat EMEZ T, HREZMOLEK
w0 Bk Beat g AW A IE H O Bk Beat, [FB A 17 AN IEH O Bk Beat # AN A F
#oO Bk Beat. MIBLRZE MR FIIR A FEALL, 20 Bk Beat BN
WA EMEZ T, HE24 K210 Beat ¥ IERAAN . B — 0 LG F
H B TE Ay M A4 4E P35 ROC il 26 WLl 5.10.

Average Receiver operating characteristic

1.0 4 -1
~
s
”
,/
PR
0.8 P
td
’I
g -
o ”
-3 Me
w 0.6 1 .
> ,
s -
= ”,
o g
e -~
2 0.4+ ,z
L -
'
'
'
”
0.2 1 -
e
e
e
- ROC curve (area = 0.98)
0.0

0.2

0.4

0.6

0.8

1.0

False Positive Rate

[E 5.10 HIEHIEER ROC %k
R 5.10 FFEEAH THEAE AUC N 0.98. FIEAYLE IG5 e K 4 45 E 1K)
AUC HAHEL A NI B RAKRR, XMEEMERECHERNS, ER—A%ITFR
] H RGO IR ROC 26 LI 5.11.
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Receiver operating characteristic to Multi-class

1.0 4 L PP -
o I B
P o Vi
OF -
L]
- ,’
0.8 e
v ”
n ,,
2 h i
o] P
<
w 0.6 4 = = micro-average ROC curve (area = 1.00)
ja; = =  macro-average ROC curve (area = 0.97)
L ROC curve of class 0 (area = 0.97)
2044 ROC curve of class 1 (area = 0.91)
= == ROC curve of class 2 (area = 0.98)
,f' ROC curve of class 3 (area = 0.99)
7 ROC curve of class 4 (area = 0.98)
0.24 ’/, = ROC curve of class 5 (area = 0.98)
i ROC curve of class & (area = 0.98)
’f’ ROC curve of class 7 (area = 0.98)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

5.11 RIS /\ 3 ROC Hhi%k

£ 5.11 oy RIA T —250BE Beat 78 1-D CNN 43K # R b ) AUC
B, #F—3K08k Beat IEH A AUCE N 0.97, 5 =3K.0 0k Beat s R K
AUC {4 0.91, HABKAIF.0 B Beat 19 AUC {E¥4v 0.98, FIAR Y 7E TG e 45 4
RS R A N, JUH S — K08k Beat ) AUCH T T 7%,

Ik B AT, R H T B 0 RS AR A TG R B AR VR i A A ke AR
T A AE A M R AR A BB VPOT AR bR, T LR FS R AE A B SO0 B A 1 4 SR MR AR R AR
TRem, fH2 WA AE AT R AR S BRI A ROk G, A& 4000 > steps
ARk, MR T MG N R TFZE 1000 4> steps BLAIRIW Sk, WSl B
gz T, (HWMBAE T AR R
5.4.2 A FEX LKL

TEILA O W R I v A, AR 2 AR g LB FR 3R B 7 VE R B, Ik
BT 2-D CNNIMOI CNN (H Rz meg) 04 FENN CHi A 28 9 45 )
[105.106] = gvM (X Frms= L) 1071081 RNN (fE¥ &g ) 0% RFT (J#
MUAR AR [T KNN (K 348D ALK T5 3 Rt b g5k e & 2V i A 1) v
g W3 5.10.
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R 5.10 LA T EVRY 1845 X LE

rRAE Beat K Accuracy Precision Recall AUC
1-D
8 435 99.45% 99.45% 99.45% 0.99
CNN
2-D
8 7k 99.05% - 97.85% 0.989
CNN
CNN 573 96.40% - 68.80%
4 fyk 96.94% - 96.31%
FENN
8 nk 98.71%
6 7k 91.67% - 93.83%
SVM
3k 95.82% - 86.16%
RNN 4 3 98.06% - 98.15%
RFT 37 92.16%
KNN 17 532 97.00% - 96.60%

WA LA HOE T W fR AR i — A e S, BRIEER 5.10 HRAFAE
ZHAE, ML 5.10 AT UIE HARERBK 1-D CNN 7 S8 B 1F 25 300 45 br £ 34
LT ELA 7%

5.5 NG

AENRMENEHNERZEMAR, ERNEFRETZE LSTM [
B, A UAEA B ST AR AT 52 N UERR S O E R S, AR S
RS LR E S W, BshE 0B EIROERE Bail. Ak, fEAE
FEINT 1-D CNN 7 8RR, BABER 73 g A8 70, 5 — & 20 2 Bodls Ak
B, MWELLMENE OB E R RIUE A F A LBk Beat, 5 AN XM, H
RO EEN 1 4EE SRS S, kit ERZMIbLZE R, HHFEE 1
MG BUIZ MM AL IR e 2 S 0 45 SRAE 5% TR AR 1 30 B0 T DU AT A 1o O A U
Jiike [, 97 b bE MR AT IS o R R PR BE 2 R, R 58 A [ RO R B AE 58
AR R R PR 85 R X R K0 Bk Beat tBEAT 7SEER, IR 45 RR WIS AR A
SO 2 7 AR W SR [ IR B A R R 2 SRR RE A TR, & S R AR Y
AR B B U B T e Y A A A
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& ®

1. THEES

AR SC [ G0 JUE 0 1) W A g R0 F BB A B AN AR SR T, R AR
DA A 25

(1D ZRELHEREERS; A—FALAMEROCBRGH K, FHLRART
XFE AR O RGP A By, O BERERS . B %K.
Z MR O UL R B Ay Ml o EIXFRHT AR FR ORI R AT, SGEFZEOHE
REREM GG, AT LESL LLUEFE RO BB B AL RE R O
WiEF B EMERIER .. R, EAE. WAERAMN AN TEL = a5 00
iR R K, AT LA 7S o R H O B B 1) B 5B RN R T T A R UR . BN —
AL B BY e B A R T — AN B BRI R Gt . TE ) I IR 46 4 (1) Je 2 0 L IR
BARY, 3 SUBCE i b B R R L, B S TS T R B Ab
P ]

(2) FhE LB, B TWRESY IR T — Mok .0 i B B
M7, XM T RN B A O L B R B0 [A) A A8 SR ARG R I I TR S K, A
H LSTM W28 B)ic 12 B oo 0/ B 0 B4 5 (A AR OC &%, [ B il 5 00 FLAS 5 L5 e
PSS MKEL R, B2 LSTM EIRIUE 5 MR ERKFME, & ERid
JEROHAES . KRBT IAC REIRERE BRG], B T BN RMSE FTECR
(15 M LL 3R T, I HL At X 4 10k X &5 4 11 3z 7200 B S 42 5 30, o0 FBLAE 5 AT RE 2 [ B
5 Z PR AR, T H JCVETRANME 5 (0 e A SR R R R s, Pt A
RUSE ML T 0P (AT, S50 2 BA BT 4 H O S e e B R B 2 R R AR A0
B9 kg, TEAFRA N R T 85N 13 75 MR 5% 22 R0 K A e B 32 T .
O BT P2 I Dot FL LA R R 0 2R B0 T Al E— 2B S T — AN ]
i

(3) LHE AR ERN K N THEISCREM B SE, )
B0 EH DR BRI, SINT 1-D CNN 2»RHEA 4R 7F Bd0s 14k 3
o ML ) B 7O B E R B A F 0Bk Beat, SN T 15 2L AT R AE A 1O
Bk Beat, 2 it T HANRECOBE Beat MBE, AABREUH KR 0B
Beat. fEMEAIM43IE o, HREMBM M Z R OBRIEE RS H, FEL0
BRI, D Bk 0 RN 14615 SEE %8, £ EHREM
WAL Z R, B R 1SRN E, RS R R BdE, OBES
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BARTE ONE R, N TR OGRS B, £ 1-D CNN 43R i 2 iRk
/1T Dropout 2. m&E T 99.45%f¢ Accuracy, 99.45% Precision,
99.45%1) Recall, 99.45%(% Fl-score, A& 0.99 ff] AUC, X — SZoe 34 45 %
T BA OB R R k. BRtbz 4h, XA R0 Bk Beat tHiEAT T SEEG,
2342y 4000 > step MIIZR)E, 7 RBAENAS T 93.96% 1) Accuracy, 94.01%
[X) Precision, 93.93%/¥ Recall, 93.97%/# Fl-score, UL}z 0.98 [f] AUC.

2. R BYE

b AR K B, R TR oK kR, AN TR KRS IX—
WA A, F SRR S & — AN KR HARR WA, JLHEX T
RHEEA TROR RN, Fimka i AMERS % LG S22 3R RE
NHIRTE, BT ARSCHR KB4 4k, BLR JUAS 75 TH A BT RE A A8 40038 1) 34 55 i)
e

(L) DAEmm ARG B AR OERm T, B
TEARSCHIE K T = v 5N AR 45 B0 4 Bk X &8 4 1 aze 2 00 s M 45 5 20, B2 24t
S FER O HEAE S, L LRZ2ORREZASBNOBES A AL, W
2018 4F P. Eedara 25 NPMUR R 12 5161 3z 72 0 98 M8 3% 07 K.

(2) ARG e R 0 I P T SRR s B A T TR R 0 U R I
ORI R M, BARAR IR K T it HAE M, (BRI AR R & W % -1 %
THE-Z I H W2 B RO SRR Y BN R g h JFaa B, [ B 16 4k 00 R
SOIBER (i BNND WIFEEDBEN RS H M A, B4 T HMEE M.

(3) L EEMIFRIS s O NEE 1 A o 28 10 2 AR AT $E A M R hR it B R
TEARSCHEA MRS MIT-BIH 4 H THXHRLEE, EERiERg X
L F 10 i AR 2 WA LE BN, fmidomERERERKENAN W, M
HEEOLBEEEMFH, 0 P. Rajpurkar £ A\ 78 SCHA[113] 0 A8 FH 1 B4 42 4% 2%
TRENIY 158 BARIE TAE, 0]k R B 2% 2] B 310 L B i Ar il ok 2 2 —
AN R HE R
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