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Denoising Method of ECG Based on Diffusion Model

LUO Chengsi, ZHANG Kaixuan, BA-MAHEL Abduljabbar Salem , and RAO Nini"
(School of Life Science and Technology, University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract Traditional and deep learning denoising techniques exhibit shortcomings in handling specific types
of noise and data generalization validation in Electrocardiogram (ECG) signals. This paper proposes a generative
ECG denoising model based on diffusion models, which leverages simulated data to learn the score function of
clean ECG distribution and generates and separates ECG and noise based on the Euler method for solving Ordinary
Differential Equations (ODE). The model is trained on simulated data and validated on an independent real dataset.
Compared to other relevant methods, the obtained results demonstrate that this model has significant advantages in
removing diverse noise and maintaining consistency in ECG waveforms of different amplitude features.
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H LAV AL EIE 255 cnoise FIMIS(E B (B
JIHE) , FFEZ ER#AT T HH—16 (Group norm)
A1 Sigmoid 5 et B HUM e IBLE B 2L (Swish) &
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K B 9 IR TN 0.999 11 F5 200 B ~F ¥ 5 ik
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[n ()1
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]
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TR 75 1) ECG E{5 e bb B T, il oKy .
PRD F1 RMSE #s 5 1 5455 44 f00 I 32 22 i 48 b5, &
fITBk/NERLF, {2 PRD ZAEXRZE, A5 50RE
K/NEISZIE . CosSim & & 5 M5 5 2 [ A LU
)—FhJ5i%, CosSim(z, )AL 1, AR
L EVE S T

N T IR AEAR SO B A B B T 0
FERMoESESe, HHEIENESEHE
T4 ECG R TE LA . AT I N T U
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predictivity, P+) KPP 5L 25 W 5 Y% T8 5 AL V%
I RE o

BURME E N Se=TP/(TP+FN), BRI T 2 &
XN P+=TP/(TP+FP). H: 1, TP %~ IEHi & 7K
g, FNFRREMBIREE, FP R IRENM
&, iHE TP. FN M FP I 5 & B ik 2= AN,
SERLRZEAE R ZE R PR N E SO IERERL, 5 9
RENL o AR BN EHE P L AR L A K S
25 SR [30] $2 4 A A v R T X MR ZE AR
HARKTLE 3.4 TR VEANHIA
3.3 EBUEKIEEE RS
33.1 A TAHEMEIEG KRk ) B

i 7 SIMU H K Z 5l 251 50 Bt ECG %1
i, LK NSTDB K 2 5l 251 4 Fl e 75 £ 4
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PELAARFEEMELE (—100 =5, 0. 5. 10, 15, 20 A
JB A W o) N T 15 1) ECG A4 5 75 I 1)
ECG ##%, DAISUFALAY (5o B tERe . SIMU H
A x*FlxY 5 B B e e RO, DR AT DL (R 36 e A5
AU ECG HIME 540 B A P e

Kl 3a F1 3b 73 BB RTE A MR I, AV

FaFRCosSim (£2,x2) . CosSim(®Y,x"). RMSE (£2,x2)fll
RMSE (®",xY)%3 #)5 0.979. 0.999. 0.004 F1 0.009,
T AR AR B R PR RS 5 22 RN Y R BEAR U b UL & I

Ax2 FlxY,

10 g 0.030
09 ¢ 3 A > 0.025
Tosy/ £ 0.020
07y 5 00154\
206 2 0.010%-.
3 2 A
03 & 0.005
04 o
-5 0 5 10 15 20 +» ) S0 5 10 15 20 +eo
SNR;, (z, x")/dB SNR, (z, x")/dB
a BRI LA
1] 030
0951 -
®090f E ool
%085} w0
Z 080/ 5 0151\
g 075¢ E010% )
g o7s z
0.70 I~ 0.05 P

0
105 0 5 10 15 4w
SNR,, (z, x")/dB

0.65
-10-5 0 5 10 15 +oo
SNR,, (z, x")/dB
b. AR A A X AR

B3 IIAAS RN M LR A e A2 5

DINBEFS J5, 2 AH BT 22 B S R B H - i s
SR E L. DU O WGN | & 1 ECG
264, 24 SNRy, Jy—5 dB I, CosSim (&Y, xV) A # ik
T 0.9, MMSNR;, N 10dB A4}, CosSim (£2,x%)
BOEHEUT 0.9, R, A [F S8 ) MR XA R
YA 22 (1) 5 A A7 L A B Xl o sk &VIT
BW X T MEMEZ4 KT PLL: HXf 225, £
SNR;,=5 dB i}, BW Xf H T2 KT PLI, 7E/h
T 5dB W, PLIM &M KT BW. XA & ECG
T IREE, ORGSR ST BLRIHRE
FEIFIK 2 %0 BW A2 ya A =40, prblev B
5% % BW FIT4; 1 P A SIEER/AN, PLIE
FE KIS fe 42 5y e 5 P 3, BT DATE(S M LA R B8
5% 3 PLI T

B RO E 9 HORE B (14 I 5 R B A % xR
xV A B B AR R Commin Flomax ) I 75 0 A5 R
FMEERE A RIS . BRI GFRIEE SN E
9 omin = [1x1074,1x 107, 1 1074 | B 07 ax = [100,
100,100],  Prnean B Paa FT 130 (7) tH L AF . & 4
J 7R T AR 5 A ] R R S R s R . AL 3
A 4 v LUVE H, BASBEAE B ey 0 PERE ZE R R
No AHIE 4 R AR R I PERE BT AN A I 3
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ZHEARES (N=10) AR IAFImAR .

K S5 H T — MR 10 dB ) WGN e 7=
A5 B A B MBS B BB —AT NIRRT
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B AT RN TR S S RO EE T
v (EED DL ARG EES O EGES
B2 (A o FIAT 40 TR s
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