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4. What can we do?
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Vo Death J
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Ref. Weiwei Chen, Runlin Gao, Lisheng Liu, et al. (2017). Chinese cardiovascular disease report 2016




5. Again! What can we do?

Ex 2. R OREETR.

_ ) Anytime =[ Body | transmitto [ . ) [ }/
[ Cardiac ] sensor ut Hospital ) | ECG
1 (collect ECG)

diagnosis and feedback

A AES E1E 7T R — 1R B B A9 EREE:
%N

. FBEOEREIEAR
N - \///\\l fhY >
TR K B2 O] | B X L () 8

TEFF S DA

Ref. Hossain M S, Muhammad G. (2016). Cloud-assisted industrial internet of things (iiot)-enabled framework for health
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standard ECG signal
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N
2

EM 7S
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o
}
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ECG with noise

r

r

r

r

r

0 0.1

0.2

x(n) = x,(n) + a*xp,(n) + b * x,(N) + ¢ * X (N).

FESOCEEM=FREEEIENAES.

0.3

0.4

0.5
samples

Ref: Moody G B, Mark R G. (2001). The impact of the MIT-BIH arrhythmia
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ECG with noise

ECG without noise
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o5k | 0 :WM/\&‘( M M M W
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Ref: Goldberger AL, Amaral L A N, Glass L, et al. (2000). Physiobank, physiotoolkit, and
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HEDHEMNEMNZE OB RERGHR, BEXRVLDERAFE, MECBERPIERNEZS
MRBNRE, X7 NNERNDEKMIRE, MRERGEREHTD:

g 7 218 1) KHl1 KR 2 KA 3 K 4 KA 5 2K 6 K7
I = BW MA EM BW+MA  BW+EM MA+EM ALL

x(n) = x,(n) + a*xp,(n) + b x xpq(n) + € * Xy ().

B U b A - R ARTU = E AR G R BB O

Ref: Hochreiter S, Schmidhuber J. (1997). Long short-term memory. Neural
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Output Layer @) () () D

2.0+

1.5+

Time 1.0
Distributed 0.5

0.0 1

—0.5 4

—-1.04

 ILEBAES A — T IRAY T 8] FR 1 £,

LSTM 2 : " - FANZIMEEAGERRER, EEEKEHBER.,

Layers R Il e B e I G R ) S S - P =1 o B
s - -§§Wﬁim%§xam%mmmA&E,ﬁwszW%m%
Layer ,é,\; féo

Input Layer
LSTM ZEIRtER R W28 py—Fh A 2

Ref: Hochreiter S, Schmidhuber J. (1997). Long short-term memory. Neural
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Ref: Hochreiter S, Schmidhuber J. (1997). Long short-term memory. Neural
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# ¥ 4.1: Six-Layer LSTM De-noise Algorithm

Input: The input signal {x(n)}¥™* and output signal {x_ (n)}=™";

i l]l:lﬁl:l ’~~ N Output: The de-noised signal {x (n)}<e=;
6 . EI:. 7[( g / 1: Randomly initialize all the weights and bias;

2: For each iteration do:

3:

(1) #aa1l, FERNHIIRILAE
(2) BIEITE,

© N g

BPTTE %

(3) HEHE ”
(4) EFPUE, AdamfLft=s 13

14:
(5) tERBRFRARAER 15

16:

17:
18:
19:
20:
21:
22:

Forward computing for first LSTM layer as:
h(l) =tanh(U (l)Xt +W(1)h[(ﬂ);
Forward computing for second LSTM layer as:
h((Z) :tanh(U (2)h(1) +W(2)h(—21)) :
Forward computing for last LSTM layer as:
h(3) =tanh(U‘3)h(2> +W(3)h[(_3£);
Forward computing for output layer as:
o, =linear(Vh®);
Calculate gradients for last LSTM layer through BPTT as:
A _H(ad, oo a(Vh?)
o Flao, ovh®)  av
aJ L o v 20, 9(J,)
= U® =diag[tanh'(h®
= 23 [10 ~mgtann (20 2. 20
aJ L oh® v o0, 0(J,)
_—= U® diag[tanh (h®
aw(3) ;é aw(3) (Il:Il g[ ( )]] an(3) 60
Update weights for last LSTM layer through Adam as:
Bim+(1-45,)- 6W(3)
WO W - A
Vo +(1-5,)- [aw(s)j .
1-4
The same with V and U®;
Update weights for remaining LSTM layer in the same way;
end for
Save model in h5;

/** Use the same model to de-noise for different category of noise.
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

**/
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FESLI TN TIEFR. RMSEFISNR

N
. , SN _1[xo ()]
RMSE = V N; (xp(n) — xo(n)) SNR = 10log 11¥=1[;noise(n)]2

MK RE: PAIRE

N
min J(U,V,W) = min (2 (xp(n) — xo(n))2> + 2 ( UZ, + z V2, + z Wi,2n>

n=1
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9. RMSE & SNR.

(1) RMSE; 511~ 517 FAIRMSER
M 2BH 1 KH 2 BRI 3 EH 4 KRS K6 KHl 7 7E0.0347 . 13 BRREIRAE R 312 B 2 NG

=

RMSE  0.025 0.039 0028 0.034  0.035 0.031 0.037 BBy, WAV EAEIISGBIIRT

D-ECG BEENBTtEtMEERESREREES,;
2.703 35327 -7.427 -3.466 -17.845  -7.857 -18.121

SNR

R-ECG (1) SNR; ZEH1~Z57 THISNRIZFHTE
37.098 49.919 45601 39.323 37.214  43.090 37.021 / AN ~

SNR A0dbZ £, T BRI B RISNRE

LLECG X, EEEREASNRIEFHE A, 7EE£77
39.801 14.592 53.028 42.789  55.059 50.947 55.142 T, #EAVENE T 55dbAISNRIEF, iz

SNR STIRBERT X,
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Category 1: BW De-noise
T

imlt

10. DEE

Category 2: MA De-noise Category 3: EM De-noise
T T T T T T

15

. r U U T T r r
input input input
output output output
1 predict 08 predict A predict
0.5
0.6
0.4 0

Amplitude
o
N
Amplitude
T g T

Amplitude

-0.5

AR i} n
\ : ; J

r r r r r r r r r 0. r r r r r r r r r 15 r r r r r r r
0 01 02 03 04 05 06 07 08 09 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 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 samples

BENNHCEE. (BEREENEAN) 202000 Cround-truth. (R A4 )

NN EZAVOCER. (FFRITUNRE)
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Category 4: BW+MA De-noise Category 5: BW+EM De-noise
input input H T T
output output
predict 05 predict

, (1) s~ EBEEMBESVCBERZEFEERER
ISP

Amplitude
Amplitude

=]

W (2) REFEAOBEMESOBEILE

_15 r r r r r r r r T _2 r r T r r r r r r
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 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
. -noi . -noi =] sz
. LCategorty 6: MAL+EM DLe nolseL L . . Cattegory ? BW+[VIA+ENL| de- n0|Ls,e L L ( 3 ) u = ':l:' [J k Ei —h— —k z $E|J @ E.\j.ﬁ?’:E E.\j.
input n input ) 1
output output e T N =
) ) = —I.L—| —_
predict 1 predict 1 *7( :|;:F: H ‘:' U E / Ll\
0.5
0 - -
[} Q
el he)
2 2
= =
: :
0.5 q
j MN¢MW
_15 r r r T r r r r T _2 r r T r r r r r r
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 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
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12. XFEE 24T -- RMSE

RMSE of different methods (1) NEETTEENXEE T EMREFE
HIE, HBEXESTHIEERENFERN
o BRIER
0.3
0.2 (2) REHEMNEZ T EREMTEMA
0.1 I I I %
0 — - | || - [ || . |
BW noise MA noise EM noise (3) HIREFXAALENTH, BZ%i0ss
PR A FE R )| R iR B

B S-Transform B WT B ANN ™ Auto-Encoder B Proposed Method
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13. XJEb 247 — SNRIZFH

60

40

20

The improvement of SNR

BW noise MA noise EM noise

B S-Transform ® WT B BPNN ¥ Auto-Encoder ® Proposed Method

(1) MEETERRER T EMREF4E
B, XBEZRZMRERFERN

BRI

(2) WL EEN BAERE TR/
B, 0B EIRISNRZEOdb~5dbiE]

(3) PIXWERRT, SNRIEFHAZ

53db, mitgETX L AL
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L DEBRERMDE - 000

DEREBMNRNDENBRLENRBER AN, 2520 BkBeat AR AR RFIAECG

FBRAERER:
(1) kBeat; RFIBFAMIRIKIEE,
TRt IR I | EREAEN
] (2) ECGH B, SFMm2s3(#&osB—ER
N | BBMECCES, BRUHBeattiH TR
WW WU )
L 50 260 4(;0 660 860 10r00 jﬂ.ZrOO 14;:)0 16r00 1800 L 50 ZQTJO 4%’)0 6{)0 8?{)0 lOrOO 12r00 l4r00 lGrOO 1800

' Beat 25 125 ' 25
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2. 1-D CNN%4 AR

MMWW [ J\FiBeatsh KL R ]

Eial NE s 1 )

W | . Beatkh |

6 ©: B O { Dropout/= }

A=
ERE

‘ | VT HER-RIARE |

CO CO T wee OOl #n: 14125 |

1

WL Beat I J

IEH 5. 74985 G itk L. 2544
EFE: 7128 OB 7020
RIS 8069  Eh: 472

BRI SIZE: 7250  EMEFIH. 106
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ACIEES

WHHEA — MIT-BIH

RSB EIRMERBILND R

bR N A V ~ | e ]
X  EMERE =MRE ES5HRE oL QRS MR REEig
&% ERHED O -
i i o A R 4 WARIC
Frid / f + X F j E
BEL  OERK DEME THRME =ik
X EREO Bk APB
Bk AR iy Bk i 5 #
Frid L a J R [ ! S
&y ERYAE SEE AN ARIME BEHG _— = ki
R SIW MEEE R S FRi CE

(1) MIT-BIH; #IREBMA T I EID
¥R, FRCHEES;

(2) #Fie, FRICHBF 23,

3) REU/\ZEBkBeat, IEF &L
N) . BHRE (A) | EHFE
V) . BEOB (/) . ERXESHE
(L) . BRZZSZHEE (R) . EFh
) . EMRE (E)

/
I

(
(
(
i
(!
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Bk 5.1 0Bk Beat #LHLE E

\ SN BN EZECG Y
4. IL;\E;EBeat-TI-}:EEEl - E—;ﬁl B OBk Beat
10 & P 48 2%idk S arr;
2. SATEE arr FRE—%KLFH:

RINBEBIEELE/\ SO Bk 3:
Beat, {EZfFTEHRFA: ¢
6:
(1) BEFIHIBRAEEMR-RER §
9:
(2) FIR-REBIES, REXME iy
et .
13:
14:
(3) EEHE Ay BkBeat N B HFKH 15:
16:
17:
18:
19:
20:
21:
22:
23:

WNIES: ECG #¥5, £ A signal &4 -
load(‘ECG_path’);
MNIX KLk I AR e E0 s, 17 peaks £ 5 :
load(‘label path’);
E4E & peaks HHEIFrE Frid N N I bxRic:
Npeaks = peaks(find(label == 1));
15 R-R 8] 7
rr_interval(j) = Npeaks(j+1) — Npeaks());
fifi & R-R [8] B -
S % R-R (8] Bk K Bl I/ 1) o
) R-R IE][%: avg;
WE X\ EE, AT RAAFE LK) 0Bk Beat:
X} F peaks & H KR
IF label==1:
FRHL signal(peaks(j) - avg /2 : peaks(j) + avg /2), /£ Beat;
IF label==2:
FRHL signal(peaks(j) - avg /2 : peaks(j) + avg /2), /£~ Beat;

IF label==8:
L signal(peaks(j) — avg /2 : peaks(j) + avg /2), /£ N Beat;
TRAF A [F) R B 1) 0 Bk Beat iy MAT LA



) € e

“E K BkBeat

#100 length=288

%1 2 3 45 & 7
#100 length=430 HE )G

= A |2 s oyl ( ) EQ}&TL/(LI__ /—:W;F$%1E?E EIJ/M—
(1) ER1R BRI EARFRAI Bk KAy O BkBeat, B2/ B HYIR L FE AT 15
Beat AR T, TR E AR jE)

FREDEREZEHERX
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Bk 5.2: ok 0 Bk Beat 2 HY 55

MIN: ES ECGE 5,

\ H ’~h D\ ;
6. IL’\E;EBeat-TI-;EER - E—;\iz ﬁﬂj %/;;ﬁﬁi:;:ﬂ%%%% arr;

1
20 BATAE RIS EE, £ peaks G
3: load(‘label path’);
4:  FEIFTAARIC N N AL
5: Npeaks = peaks(find(label == 1));
6: 15 R-R [A]F&:
s 11— \ Nz == + . H i) = H _ )
(1) BRIRCEI23%, BRBXEBH L mmeral0) = Npeaks(+) - Npeaks():
sz 1— e 1 ¥ — . YR (=) - .
Rﬁ8;’kt*/ \-LE., E&P}‘C%EEEX'%KH_XE/{] */ \-LE., 9: rr_interval(find(rr_interval > BASIC+100)) = []:
= INEk=33 10: TFE T R-RERE ) —: len;

i A= 5ETR G —PHRIC, 11: W FEE arr FE— LR
12: W TELL ECG #¥s, 17N signal ££46:
13: load(‘ECG_path’);

(2) RIRBRSGBAFRICIEFHRR M BRARIRIOIIR 1 ks 4
~ = KA N (R . . oa abel_pa 5
5] P&, ?I%HR?tK'J—T—'?‘&El‘]’L‘EJLBeat, 16: il 5 X 7% 44 Nbeats=[], Abeats=[], Vbeats=[], Pbeats=[], Lbeats=[],
Rbeats=[], Wbeats=[], Ebeats=[]; 7% { A [7] 25 &
f] Beats;

17: %fF peaks £ 4 H KEAFRIL:
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: TRAFAS A R AL 1) 0 Bk Beat 2 MAT SCAF
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7. 10>kBeatF B E

b id P Beat %%

N i3 3 74985 (1) OBkBeat—2£H 1075744,

A P 1t B4 2544

v = M L4 7128 (2) FRB L BkBeatty E 4 289;
/ 72 7 o B 7020

L e R S AR 3 P 8069

R AR S AR T P 7250

! = $h 472

E = k% 106
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8. /\Z=/»BkBeat
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(1) ZERVEAMIMETEEZITERR. FHER
IR N RRFE A RRZ R SRS, 5IA
1-D CNNZE;

R

(5) AR DFIHEBUIREFAYE
wIBEIA, REFE MMEZNRECBE
SHNLIEE

(=P

(6) Dropout/z;

PR

o) A M AR B

X FiXavierflia L 7374,

BT BN IESTRZ13;

ReluAUVAREAIE R a8, BISEE

BNSIEB EIRMER BN 5328

Layer (2£7) k2 ZH &= RS
Layer 1 Conv2D (None, 1, 289, 64) 256 1x3
Layer 2 Conv2D (None, 1, 287, 64) 12352 1x3
Layer 3 MaxPooling?2 (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 MaxPooling?2 (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
Layer 10 Conv2D (None, 1, 68, 256) 196864 1x3
Layer 11 MaxPooling?2 (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
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10. PSR

T &5 R
HSE1RH O
y=1 y=0
y=1 TP(True Positive) FN(False Negtive)
y=0 FP(False Positive) TN(True Negtive)
T GREA R ision =
Accuracy = ) \Eﬁ‘ﬁmﬁﬁ _ TP+TN F1_ 2% Pr eC-IS.IOI’l Recall
AR TP+TN +FP+FN Precision + Recall

o BCATrue HIERTRINIAE AR TP N
Precision = FiAG T A True B RE A % - TP + EP AU C1E ( ROC HEE g&?ﬁﬁ*ﬂ)

_ T True HOERRTUMIGAF A S _ TP
B BN TrueIFEA%. TP+ FN

Recall




) € e

11. #2899 25

EX90000F A EARB I ETE, RIFRMIL7574AFMFARIEMRE AN EEE:

Loss

2.5

15

| \
0.5

0 1000 2000 3000 4000 5000 6000 7000 8000

Steps

LossZ{L B2k ; 1000 stepsFHE5 e

2000

o Steps o o
F1Z{k Rk ;
Accuracy

4000
Steps

AccuracyZE{k it %% ;
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12. LIS 758

SIS E & b Accuracy Precision Recall F1 AUC
75 R 99.45% 99.45% 99.45% 99.45% 0.99
N A Vv / L R ! E
N 12329 10 10 1 1 3 1 0
A 48 329 0 0 1 2 0 0
V 19 0 1097 0 3 0 3 0
BEHEE / 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
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13. ROCpgh %

True Positive Rate

1.0 ”
Fd
’
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P4
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0.2 7
7’
P d
R
7’ ——— ROC curve (area = 0.99)
0-0 1 Ll 1 1
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

8K EHROCHZ, AUC=0.99

True Positive Rate

Receiver operating characteristic to Multi-class

0.6 = = micro-average ROC curve (area = 1.00)
m m  macro-average ROC curve (area = 0.99)
ROC curve of class 0 (area = 0.99)
0.4 - ~— ROC curve of class 1 (area = 0.98)
= ROC curve of class 2 (area = 0.99)
¢ — ROC curve of class 3 (area = 0.99)
7 ——— ROC curve of class 4 (area = 0.99)
0.2 1 ,/’ - ROC curve of class 5 (area = 0.99)
e ~—— ROC curve of class 6 (area = 0.99)
== ROC curve of class 7 (area = 0.99)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
Ay Vd N
82KROCHE %
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14. FEb 24 - FERETA

Loss

2.5

\ REIEEMNLossT L%, 4000
1 L stepsﬁiz‘*%(ﬂ, W i A 42
H-;b""r—v—ﬂ-—._,_t_\_‘__‘___ i B . ) ‘
0 1000 2000 3000 S:;OI;S 5000 6000 7000 8000
Ei=gan Accuracy Precision Recall F1 AUC

un?k E
gk B 93.96% 94.01% 93.93% 93.97% 0.98 BB LS METMES TR
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15. SFEE 4T - BRI FT/E2

N A V / L R ! E
N 12338 1 5 0 0 1 0 o
A |92 276 1 0 0 11 0 o0
v |47 4 1052 0 12 5 0 2
;|2 0 0 1136 0 0 0 0 HREEENR GRS, RAERN
L |3 1 0 0 1302 0 0 1 HERTES
R |16 33 0 0 1 1136 0 0
|6 0 0 0 0o 0o 57 1
E |1 0 0 0 0 0 0 20




True Positive Rate

SR EIEE R EIIROCH %, AUCERRE T

=1

BIJE3

Average Receiver operating characteristic

HIGERKE

1.0 S
PR
P
e
0.8 e
. L’
7’
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JRe
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R
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R
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- ROC curve (area = 0.98)
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False Positive Rate
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5=

Receiver operating characteristic to Multi-class

0.6 = = micro-average ROC curve (area = 1.00)
= =  macro-average ROC curve (area = 0.97)
ROC curve of class 0 (area = 0.97)
0.4 - - ROC curve of class 1 (area = 0.91)
—— ROC curve of class 2 (area = 0.98)
,/' ——— ROC curve of class 3 (area = 0.99)
03 ,,’ —— ROC curve of class 4 (area = 0.98)
) PRe - ROC curve of class 5 (area = 0.98)
»7 ——— ROC curve of class 6 (area = 0.98)
g - 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
=R 73 sz ~
IR EIEERBKROCHZ, AUCEIRRE T
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53 REE Beat KX ¥ Accuracy Precision Recall AUC
1-D CNN | 8 4334 99.45% 99.45% 99.45% 0.99
2-D CNN | 8 732& 99.05% - 97.85% 0.989
CNN 5 /2% 96.40% - 68.80% -

4 53 2% 96.94% - 96.31% -
FFNN

8 4rk 98.71% - - -

6 752k 91.67% - 93.83% -
SVM

3 43k 95.82% - 86.16% -
RNN 4 532k 98.06% - 98.15% -
RFT 353k 92.16% - - -
KNN 17 7y 2% 97.00% - 96.60% -
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(1) mEOERERS, NEVRENTZEOCERSGE A, FHIER 7 XMHETEOEREERSET
NN EERD, EEzFeRE, MEERTIUIERBZEERANER. Rk, EE. RAFHEN
MPAHTRE Z a5 0IERBERRER, BRI AFOERNERRFEMNETRETR
BN — U B E BRI T — M RANEKMN R G, APEMENNZEOERERE, FX
R EHSEL RN ERI L, #HMfs|l 7 REaSuELIE R .

(2) @z EERNEERER, ETREZIRMIEL 7 —MIOBERERITE, XMITERENS
O EERIEREFARKBR RN B F5EIE, FALSTMMEHICIZ R TR B/ OB 55 8 AR
RER, FNMFAOBEESSEREFESHNEKHXR, BEIZNSTMERRESHREAFL ShE
MEROEES, KRRPRENRERSEEN AR ZMEENOBEESHERSD, AARXE
THEE T BT RIRENR R NEBRLLRTT.

(3) B ERERFERIMDZE, 5INT1-D CNN KRR, FEHIRTALIEE 22 51817 1R

BUOBkBeat N EEMZES AR ZS OB E HIREUE 7 FKA8K U HkBeat, KB EEFOEEIEA
1= S4IE#FE, FEAccuracy. Precision. Recall. Fl-scoreld®XAUCEIfEFr ML TME %, E
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