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ECG Signal Denoising Algorithm based on Wavelet Packet
Analysis and Singular Value Difference
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Abstract: A wavelet packet analysis combined with singular value difference algorithm is proposed to denoise ECG
signals in practical applications. The algorithm firstly performs wavelet packet decomposition on the noisy signal and
divides the decomposed sub-bands into three groups using the cross-correlation coefficient ; micro-correlation group, real-
correlation group and explicit-correlation group; Next, perform singular value decomposition denoising on the real-
correlation group and determine the singular value demarcation of the useful and noisy signals using the difference
method ; Finally , the real-correlation group after singular value decomposition is reconstructed with the explicit-correlation
group to obtain the denoised signal. The experimental results show that the algorithm can effectively suppress noise in a
variety of databases and under different noise levels. Compared with other methods reported in the literature, the signal-
to-noise ratio of this method is higher, the root-mean-square error is smaller, and the denoised signal is more similar to
the original signal and smoother,achieving a better denoising effect.
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Table 4 Comparative analysis of denoising effects under different intensity noise
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Table 5 Comparative analysis of three denoising methods

a5

SNR RMSE Cy

IR i 7.210 3 0.077 5 0.900 8
A S % 6.700 3 0.151 6 0.5219
AT 14.842 5 0.032 2 0.983 8

— 125 —



PSR 4R (AR R

55 45 B 4 191 (2022 4F)

P 10 PR 25 S8 o 208 s 1) MG B ol -1
RS JFIR {5 5 IR AE 25 SRR, SRR AN /N A 53
FWESE AR S A5 S A3 A R S 0 MG L, TRz i
THIRES B 5 IR 55 AR (E AR 22 50K, an i
{5590 R VEEHEEE T 1, /N RS ) R W (E
FERT 0.5, IR R OWR A SO i M s BN,
FERBR T KEB W5 3 3 )5 15 5 5 R G1E 5 LT W)
G LA T TR RS RS I UG B il A AR S 2
W YR/ I A 53l R S e Sy k.
3.3.3 REEEFEIELERSH

ShitE— 2 AIEA SO A e B RS2 56 ot
FfY MIT-BIH Arrhythmia 4 2 HH 19 101 {55, &idh sk
BT DR MU i A 2 10 4 AR,
438 k. MIT-BIH ST Change Database ( ST ) ., MIT-BIH
Atrial Fibrillation Database (afdb) PTB .L>HLi2 WS |

ECG-1D %da % , iX 4 Bl e rh A BEHLIZE R 1 SRS

ANBAL R ZRE A 5 ()

400 600 800 1000

“o0 200

1/s
0 A SEAE I S 55 V()
g 02 /\/ W\J\,«/v
E
-0.4 .
800 1000
i\jcﬁﬂ%ﬂ%ﬁﬁ%m)

400 600 800 1000
t/s
E10 3#MEZEEREESRER

Fig. 10 Schematic diagram of signal denoised

~0 200

by three algorithms

HEAT R AL B SEISZE SR ANER 6 PR,

FH2E 6 AT, A SCHE Y A9 2 M 75 vk i 4 PPl e p Bl 39 — e 09 Mg R, BXF MIT-BIH ST

Change %8 172 B L MERCR S | BE— 2D IR IR0 1k nT LA 32 I 4% ol e O HL R 5

EN

R 6 4 KHUIREREBRBRILL 7

Table 6 Comparative analysis of denoising effects of four types of databases
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