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ECG classification algorithm with automatic anti noise function
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Abstract: Electrocardiogram (ECG) detection is the most commonly used diagnostic method of heart disease,
However, in the process of ECG signal acquisition. it is often disturbed by noise, which greatly affects the accuracy of
ECG signal classification and diagnosis. In order to improve the accuracy and anti noise ability of classification
diagnosis, this paper improves and designs an ECG classification and diagnosis model which use deep residual shrinkage
network (DRSN) to resist noise automatically and integrate spatial information by global average pooling (GAP). The
classification performance of the model is verified on MIT-BIH arrhythmia data set. and its anti noise performance is
analyzed and compared with the ordinary convolutional neural network (CNN) model. The experimental results show
that the classification accuracy of the designed DRSN + GAP diagnostic model based on AAMI standard is up to

99. 3%, and its anti noise performance is better than ordinary CNN model for power frequency and Gaussian noise with

a4 21 M

different intensity.
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Pre 99. 62 95.27 97. 47 89. 82 99. 81
Sen 99. 69 91.29 98. 11 88.76 99.63
Spe 98. 29 99. 88 99. 80 99.92 99. 99
Acc=99. 29, Pre=96. 40,
Total

Sen=95. 56,5pe=99. 57

F 4 R AR OB 5 B A A S 5E A MIT-BIH
AR B R A L R BB L RCRE L 3R 4 TR A Bl
PR A S RER R X EER ST DIRESH
AT LAB 1k A5 IR A, HF LR R iz AL e RE . AR ) T
W2 AR (AL AR A 55 5 e 28T GO0 AR AR B DR AL
T AT 5 2) Mish 0 R 45 E & B i1k 3) GAP
BAR R A R W WSS E ) B AR LR O

R4 BRHEREEE MIT-BIH EB L&

1E# 77 ¥ E R AR Iy RYERE/ W
Acharya % CNN TotalA(?(l)\E/)HMS)) 2;2 ZT (o)i;: ;)? ;é
Kiranyaz 5 CNN TotaAl(ASI;déBl) s\cg;/?\ci , 9997..06

O &N CNNALSTM Normal.I:l];_)OL;z,( Ij:kﬁ;(k;l )APb,PV(/ Acc;lé%l;el:,g?;n? 975
P DRSNALGAD AAMI(Intra-patient) Acc:99. 29, Sen: 95. 56

Total(109 160)

Spe:99. 57, Pre:96. 40




T FHABAHRRI RN UG T H R

3 mBRMERES

bR S A B 2 A T R0 Ty R A A A I 2 R 3K A S
WA, FEAFESRELES, LRESEER TS
ST A MR R 2 b R e AR B X R 0 A R 2 ) S5 TR A
TR AR AL T8 X SE B o R (G 5 B & k. Wi B
DRSN+GAP [ i [z [ B A9 PERE A SCLABIH B ik £
MR 2] ECG 55 40 K2 Wi B e ml . e 5 TE 1T
— AN BB A X AR Y SR Yy CNIN 455 4 Sy B e BB 1) &
MBI R QT SEANER 5 Bin 3R R CNN+GAP /9
BRI GE R A

£S5 CNNHEREERNATSHY

Git It Ml RE  HEIER

#HF B BN+1-D Convolution+ Mish 300/75/1832/64/128
1/2/3 BN+1-D Convolution+ Mish 300/75/1832/64/128
TR
1/2/3

Average Pooling 75/18/4 32/64/128

3.1 MRAEER
B U R AN AR 0 R A T AR g b B
AT AR ST B 1 55 25 B 1 I VW R AR AL B IG BE T
%t ECG {55 5% W F5c A 0 0 T3 e =, Ly R Hofb L
BB SRR, ] 70 BFR Ak E T MIT-BIH
DS E B E W 100, dat, S — F IEH LR ECG i
o FEoREMFERE M TH AR N 60 Hze TH 3L

1.00 ¢
0.75 fi
i
0.50 ?i
2 I
= 025
s |
£ E
0.25 "‘*’%ﬂnm»ﬂs{if\bﬁ\,&h / 1% JrrETES
M‘g}f X{W"'@MW;MA’;"
2050 \f ¥ '
0 02 04 0.6 0.8
i /s
() BIRBORHERES
1.5+
1.0+
5 05
£
p
2 0
1.0t ;
b OI.2 OI.4 016 0;8
B [ /s

(b) & LY {55 (SNR=3 dB)

# 21 M
1.0t
05
g
E oL
i
=
0.5
_10 L
0 0.2 0.4 0.6 0.8

B [8)/s
(c) & E R 7 5 5 (SNR=3 dB)

7 RURE S MR AT RMNES

PRI 58 0y B SR AR B B T 60 Hz 5 A AL 39 1 FE 3 4R
FHUSAHM R A 7D FiR, X F LR, s sh— 2
T B T AN AT ) A P o e LT
WE 7R,
3.2 HEAXNAERENRIEGREAD

oA B X MRS DAY B R AR NI 8 B,
T AR A R R T S LG SR AT IR T T YL SR W I S (S R L
A AR PR TR T (R MR HE W TR S e IR Y A S E T
B, HAHEGIGENG, X F T ES, DRSN +
GAP M FLIEBE J1 75 B 75 55 /N B AR R B CNN -+ GAP, {H
o (AR Ak ) 2 HE TS B, L BE A M TR R B, MK B
Wi T CNN+GAP, X T i B M7, DRSN + GAP #94¢
M BE J Y B AT CNN+GAP, S5 45 R IE I DRSN+
GAP X & M55 B2 (b BE F1 /70 T CNN-+GAP,

100 ,.,4@“"”"23
90 t /,cc’f’ﬂ;
—a] s
‘‘‘‘‘‘‘‘‘ o g
. 80 + ud i AA/
c\\ 4
el 7
g 70 /_ﬁ'/
& =
60 A
~
5oL —3- DRSN+GAP
—#-- CNN+GAP
40 — . . . . . . L
-9 -6 -3 0 3 6 9 12
{EMEH/dB
(a) HERREBE R TR P (S R T 4k i 28
100 - T
e o e =l
90 s
e g I
[l ('Z»’ ’
80 -
2 x
% 70 -
£
60
50 - —i+- DRSN+GAP
—4r-- CNN+GAP
40 . . . . L
-9 -6 -3 0 3 6 9 12
{5 H/aB

(b) BRI 0 PR R LE R AL 4R
P8 AEALGT IR & RS S AT MR PERE I T IR Ae B S 1 450

¢« 53 o



T B F

¥ OB K

3.3 BREMEA—SIESHEIEL

H SR DRSN+ GAP X & M55 iz /L g AR 58, JU K
RWETE {5 5 HLBER I DRSN 435 AE 42 5CH0 43 % 1R 75 1 45 1Y
TET T I AR L AL L — B CNIN &5 4 o B2 e 07 100 B A AL 3 .
AH o6 T T4 M 7S 3 e 1 I TE T AR M B T e R
KRB, B4 EXRE A ST EE5EER
2 A& — 8055 (55 IS (9 O MR R, Sy ifE— 2
P15 DRSN+GADP S LR T4 E —9~12 dB
BV R e TR A R S R M A e R I 4R T I
PR, R S5 40 S0l 76 45 il (5 M EE W 75 95 4t A 0 48 B P vk
. W9 TR TR S MR TR R R AL 3 T ISR AR SR
MR R AL . th B 9 AT AL, I 2 48 M e 2
BT E B 4575 B9 DRSN 4 GAP #7060 T 45 1 75 i &5
W 7= By LR BE AR B T — IR T TR R A R
LB TS P E AT A, 7 — 6~ 12 dB i MESE
BN ER L8 90% DL . 5240 DL e sE R i
MR REBNMNGE S 25 F SR Eig 5.

100 - —
P Y. e i atenr
ety s P &
90 BT o
& ™
g0 |- ool
B
% 50
#
60
sol ~ g+~ DRSN+GAP(EMHBIBmNALER)
—#r-- DRSN+GAP(B ARG R
W% 3 0 3 6 9 1
{5 th/dB

(a) METARBE 7 BT A 5 18 EL AR (L i 2R
100 - Ao

o (A3 £ st <) (43 £:3

J\‘,‘AK«U’““‘}'“'WU
90 | “,.{3"“‘ e
‘‘‘‘‘ o
sl -
!
E=
60
sol ~+- DRSN+GAP(JEAHEHE NS E5 R
—#r- DRSN+CAP(BR AT BRI 25 25 1)
R

0 3
% be/dB
(b) EHHERE TR 75 (5 R LR i 2%

B9 TP I O HT S AR BT MR R BE XT 1

4 % it

!

AR T —FEE B S PR A A RE ECG A A
&% R, % A fH DRSN 5 GAP 41 & nj . H &
DRSN A FHFEELGAP AT B &=RE B HELER
SLM AR AT IR MIT-BIH 1 b5 7 22 4
LW AT 99, 3%, EL X T 00, w5 By Mg s B R R
FIBTMEGE Sy . XTI SR AT W s 1 AR S . BRI SR 18 B Y
ZAEAIRF —6~12 dB M e M L T O BAES

R R ALRE] 900 VL [, — B4R T T B AE 5 5 M
IR T W2k g, A XA R ZATE T ER T
B R H B MR R TR AL M B R R RE BB fE

AR K AR A S BRI AR BT LA T AR

A 67 4 MR L 25 5 TR 11400 HEL AT 5 N DA 6 P AR 0 4 2R A

LWL

& & 3k

[1] ACHARYAUR, OHSL, HAGIWARA Y, ctal. A
deep convolutional neural network model to classify
heartbeats[ J]. Computers in Biology and Medicine.
2017,89: 389-396.

[2] KIRANYAZ S, INCE T. GABBOUJ M. Real-time
patient-specific ECG classification by 1-D convolutional
neural networks[ J]. TEEE Transactions on Biomedical
Engineering, 2016, 63(3): 661-75.

(3] XDtk 8 &, EHHM.E & T FFNN Hil 1ID-CNN i
SERLHRR SRS A L] B LA
. 2021, 35(3):35-12,

[1] HE K. ZHANG X, REN S.ct al

learning for image recognition [ CJ.

Decp residual

Conference on
Computer Vision and Pattern Recognition, IEEE,
2016. 770-778.

[5] DBRITO C. MACHADO A,

Electrocardiogram  beat-classification

SOUSA Al

based on a
ResNet network [ J]. Studies in Health Technology
and Informatics, 2019, 2641. 55-59.

[6] HAN C, SHI L. MIL-ResNet; A novel network to
detect and locate myocardial infarction using 12 leads
ECG [J 1.
Biomedicine, 2020, DOIL: 10. 1016/]. empb. 2019. 105138,

(7] MU, T)LgE, #LuR, 5. B TR N ITAZ R4 O
AR ORI LT 56/ B 241, 2020, 42,
1990-1998.

(8] Mok WAk 2K M8, 5. Bl& CNN I BILSTM (¥
HRE LM ARERT] THEYERTR% K.
2020,39(6):719-726,

[9] SANDEEP R, KAILASH C R. ECG signal analysis
using DCT-based DOST and PSO Optimized SVM[]].
IEEE Trans. Instrum. Meas,2017,66(3):470-480.

(100 Z=i, SRtk X875 . %, B ORI A&
P21 R 4, 2019,36(2) 1 189-198.

[11] ISIN A, OZDALILI S. Cardiac arrhythmia detection
using deep learning [J]. Procedia Computer Science,
2017, 120. 268-275.

[12] ZRE.£3.248 ETHTNEMER.OH QRS
FERF B IR AT B 7 & T AL g S 4R 2020,
324 1-10.

[13] HANNUN A. RAJPURKAR P. HAGHPANAHI M,

Computer Mecthods and Programs in



T FHABAHRRI RN UG T H R

# 21 M

[14]

[15]

[16]

et al. Cardiologist-level arrhythmia detection and
classification in ambulatory electrocardiograms using a
deep neural network [ ]J]. Nature Medicine. 2019,
25(1): 65-69.

ZHAQ M, ZHONG S, FU X. et al. Deep residual
IEEE
Transactions on Industrial Informatics, 2020, 16(7):
4681-4690.

MISRA D. Mish: A self regularized non-monotonic

shrinkage networks for fault diagnosis [ ] .

neural activation function[]]. ArXiv Preprint, 2019,
ArXiv:1908. 08681.

MURAT F, YILDIRIM O, TALO M, et al
Application of deep learning techniques for heartbeats
detection using ECG signals-analysis and review[ ] ].
Computers in Biology and Medicine, 2020, DOI:

10.1016/j. compbiomed. 2020. 103726.

[17]

(18]

[19]

PAN J. TOMPKINS W ]. A real-time QRS detection
algorithm [ J]. IEEE Transactions
Engineering, 1985. BME-32(3): 230-236.
OH S L. NG E, TAN R S, et al

diagnosis of arrhythmia using combination of CNN and

on DBiomedical

Automated

LSTM techniques with variable length heart beats[]].
Computers in Biology and Medicine, 2018, 102 278-287.
X, Wi, B L EWT 5k ECG 55
HBEFE L) ], W7 L (8% 7 4R 2017, 31 (1D
1835-1842.

fEEE T
TR WL BT B STy ) O B S R

T,

E-mail: wytxz0540@163. com
BB SR BP0 A s T

E-mail : xuyinlin@njnu. edu. en



