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Abstract

Magneto-cardiogram(MCGQG) signals may be highly distorted by the environmental noise, such as power-line interference,

broadband white noise, surrounding magnetic noise, and baseline wondering. Several kinds of digital filters and noise
cancellation methods have been designed and realized by many researchers, but these methods gave some problems that the

original signal may be distorted by digital filter due to the wideband characteristics of background noise.

To eliminate noise effectively without distortion of MCG signals, we performed multi-level frequency decomposition
using wavelet packets and local adaptive noise cancellation in each local frequency range. In addition to the proposed
wavelet filter to eliminate these various non-stationary noise elements, the local adaptive filter using the least mean
square(LMS) algorithm and the soft threshold de-noising method are introduced in this paper. The signal to noise ratio(SNR)
and the reconstruction square error(RSE) are calculated to evaluate the performance of the proposed method and compared
with the results of the conventional wavelet filter and adaptive filter. The experimental results show that the proposed local

adaptive filtering method is better than the conventional methods.
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Fig. 1. Frequency decomposition using wavelet packets.
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Fig. 2. Local adaptive noise canceller; (a) 60 Hz noise
canceller, and (b) baseline wandering noise canceller.

lo

pas

A A7 ME 0.3768, 7
AN E 0.00252

60 Hz ‘2-_/1\_ Zj]% =1
A9 %2 43 3

H
Aateint.

mjo ©

. 4¥ey 2 A

Ao o] gd ANFZE FFFFHGATY
(KRISS)oll A 38x1d SQUID AAME A}-&31<
54 AAE AZEM AEH FI5E 500
Hzolth SR E AAE A5 5 7|Ees A%
3 7 H(signal averaging)e ©|&3td Tgo] gl
£ 5,000 BEe] M FRE AZE HEJH
AT AT ZAHBAN v MRS E T
43t7] H# 60 Hz @ A2 HA3FS, 04 Hz
AEARZE JAD FE, o) ool EAF
0.5¢1 Fdle] WMALeS vhEo] F A
o Hatsich w3 AR Fa Hg FLA

Table 1. Wavelet packet coefficients.
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Fig. 3. (a) Noisy signal with artificial noises, (b) result of
local adaptive 60 Hz noise cancellation, (c) result of local
adaptive baseline wandering noise cancellation, and (d)
reconstructed signal after de-noising.
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Fig. 4. (a) Before de-noising and (b) after de-noising.

Table 2. Comparative results.

%% | Adaptive | Wavelet | Local Adaptive
IR Filter Filter Cancellation
SNR 8.9149 9.1160 10.1113
RSE 21.3244 | 18.7691 15.7081
Fig. 62 A} SQUID AAMZ 4L HAAZ 4l
5] &2 AAD AWE wAFHL gen,
A FEol ARSA AAEE & F A



30 Y J Kim et al.

1 A } -
0s i i
a )
05
,1 L . n s . L L n
0 00 1000 1500 2000 2500 3000 3500 | 4000 4500 5000
(@)
15
1 1
o5 1 4
o v
o5 —‘
a . L . L . n " . S
o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
15 - v
1t i
05} g
0
ast
_, < L s . . n \ n
o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
(©

Fig. 5. Comparative results; (a) adaptive filter, (b) wavelet
filter, and (c) local adaptive noise canceller.
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Fig. 6. (a) Original signal from SQUID, (b) result of 60 Hz
noise elimination, (c) result of baseline wandering
elimination, and (d) reconstructed signal after de-noising.
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