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Electrocardiogram noise reduction based on fused algorithm of wavelet transform and im-
proved independent component analysis

YUAN Ye', WANG Xia-tian’, ZHANG Zi-chen’, WANG Ya-kun?, PAN Yi-feng*
1. Xiangya Hospital, Central South University, Changsha 410008, China; 2. School of Opto-electronics, Beijing Institute of Technology,
Beijing 100081, China

Abstract: A signal processing method based on the fused algorithm of wavelet transform and independent component
analysis was proposed in the paper. The fused algorithm was used to reduce the noise of electrocardiogram (ECG) signals.
Wavelet transform was firstly applied to split the acquired ECG signals into eight scales, obtaining the low- frequent
approximation signals and high-frequent detail signals. And the low-frequency noise which was belonged to approximation
signal was removed by setting a threshold. Secondly, the maintain detailed signals were inversely transformed to reconstruct
the signals, and the independent component analysis algorithm with pre- sync function was applied to separate the
independent components which included high-frequent noise and ECG signals from reconstructed signals. Finally, signal-
noise ratio and mean square error were taken as evaluate indexes of the signal's quality to compare the result of noise
respectively reduced by using transient component analysis and fused algorithm. The result showed the fused algorithm had
higher signal-noise ration and lower mean square error. The proposed fused algorithm has a satisfactory noise reducing
performance in ECG signals processing.

Key words: electrocardiogram signal; wavelet transform; pre-sync; independent component analysis; signal-noise ratio; mean
square error
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Tab.1 Main noise of ECG acquisition system

Noise Frequency (Hz) Amplitude Appearance

Industry frequency interference 50 Less than 50% of ECG signals' peak value Small regular wave

EMG interference 0-1000 5mV Small irregular wave

Baseline drift 0.05-2.00 15% of ECG signals' peak value Envelope line is similar to sine function image

ECG: Electrocardiogram; EMG: Electromyography
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Fig.1 Wave form of original ECG signals

frame

frame

frame

frame

2.2 INKEBIESENEE

/NI 8 R A8 S A [ A3 B LA 5 A A AL
B AT G HL AR TR R R ST R R B R
FAES f() B a=a) , b=nbya, , Forp i B 4 K
a,> 1, FEREK b, #0, jeZ U BRE f(n) B9 LN

Wf’ (n)=Wf(a,b)= aj; F(E)p(alk —nb,) (1)

12 7 K Mallat ke /N 28 e 5 KL 5 Ak 3
RS A RS 5 0 = [RIRE HERR Y
Mallat 3335 " 1% 07 i — M/ B A gt 5507

Wavelet

oo SMAERE a,=2 , FRERE b=na , N EHUNK
AR Mallat 35375 i) R R -

fj(n)=;h(k)f""(n—z“k) (2)
Wf’(n>=ggw)f“(n—z“k) (3)
Hr, ) BRMEE N 27 EE, 0 FREE

B 55 W) WELRTES f(n) B9 3R /INE 28
joneZ s hk) .« g(k) FIESS/NEIEIE AR h(w) 5 g(w) 1Y
FRE R SRS /NI PR R 18 S PR e 1E 32 /N
W RB IR B E S ) 25 2 L
U5 RECN a) X R AR R T (5 5 s 41
S RECH & KRR R SRS . I AT
Mallat 5.7 i B 2 (5 f(n) 5 ohds IR A(n)
T BRUS T MR PR LA - ARAT o MRy 27
A5 o 2R (2) A= (3) vy B Ay 1 v 308 308 0 2
Je ARAF ) = A o

FLR AL TR TR X It | IR e AT 2 R
JEE 53t e o7 224 LIBT3 15 5 A M Ab BT 4 . HLAR
(A R M T 1 s < SRR 24 1) /N DB BRI BCRN o0i RUBE
JEIA 0 FAE 5 AT oA, N RS E I (55
AR S A 5 R AT BEAE T O FLS 5 P I SRR T RS
WS SRR TR S B M LIRS,
Je X AR B b i AR N R BT R S B
AL, 330 RE AT LA O HE AR S T A R 2R TR RS M
P o ARSI dbS /N pREL, R h=8 #E4T 241 %
AIBTI . /INi ARt T A R S B R 1 HE ] G [ 2
B

Threshold N Signals

Pre-processing transform

i > :
denoising reconstruction

B2 NREES ENILRIZER

Fig.2 Process of wavelet transform for signals reconstruction
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Fig.3 Signal reconstruction of four—channel input
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Tab.2 Comparison of ECG signals quality

Type of algorithm SNR MSE
ICA 64.657 7 1.3589
Fused algorithm 85.589 2 0.206 6

SNR: Signal-noise ratio; MSE: Mean square error; ICA: Independent

components analysis
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