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Abstract

Noise from electronic instrumentation is invariably present in biomedical signals, although the art of instrumentation
design is such that this noise source may be negligible. And sometimes signals of interest are contaminated or degraded by
signals of similar type from another source. Biomedical signals are omni-presently contaminated by these background noises
that span nearly all frequency bandwidths.

In the magneto-cardiogram (MCG), several digital filters have been designed for the elimination of the powerline
interference, broadband white noise, surrounding magnetic noise, and baseline wondering. In addition to the introduced FIR
filter, notch, adaptive filter using the least mean square (LMS) algorithm, and recurrent neural network (RNN) filter, a new
filtering method for effective noise canceling in MCG signals is proposed in this paper, which is realized by the wavelet
packets.

The experimental results show that the propesed filter using wavelet packet performs efficiently with respect to noise
rejection. To verify this, two characteristics were analyzed and compared with LMS adaptive filter, SNR of filtered signal
and attractor pattern using the nonlinear dynamics.
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Fig. 1. Normal MCG signal.
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Fig. 2. Time-Frequency characteristics for (a) sampled data,

(b) fast Fourier transform (FFT), and (c) fast wavelet
transform (FWT) basis functions.
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function and (b) wavelet function.
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Fig. 4. One-Dimensional Discrete wavelet transform
(DWT) and inverse discrete wavelet transform(IDWT).
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Fig. 5. MCG signals.
(a) Original signal from SQUID.
(b) Noiseless signal after signal averaging.
(c) Noisy signal with artificial noises.
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Fig. 6. Structure of adaptive filter.
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Fig. 7. Reconstruction coefficients from wavelet packet.
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Fig. 8. Characteristics of noise cancellation of the proposed
filter using wavelet packet.

(a) Noiseless signal after signal averaging.

(b) Noisy signal with artificial noises.

(c) Reconstructed signal using wavelet packets.

(d) Error resulted from wavelet filter.
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(© (d)
Fig. 9. Two-Dimensional attractor patterns.
(a) Noiseless signal
(b) Wideband white noise
(c) Artificial noise used in this paper
(d) Reconstructed signal using wavelet packets

B3 W7 A AT F25 Bden Ue
2 @ vk
Iv. 2%

=EAAE SQUID MME olgdtel =
AAE NEe) el FosA tEn
el 7H & AA) fehe] 9o]
e olgd PelZ ALIAY}. £
4ghe s} Agtel folugl BEe) %
S v wsta, 2349 oELH e
AgtE sloiny el HHg
= Azagin
QA= A BEY 49
2 o|§% A gLE R} A
7 el oF 138 44
g, 23bel o= Aeg

Nz ¥o o
2 g e e e

X o

oX ©
o

)
<
i
2
e
i,

Holu®l HE7} 7L AA

T Bl gegbA,
Jolr 7S o] g3k A
MCG, MEG 59 &S AA &3}
I legE) Alg g

o% Ml
g
oX
o
o
¥
ol
o

2
2
u

B> L A Y
M
A
2

ol

p

op flo 2 - &
ot
i

o o
ol
olo o

i
4>

Acknowledgments

This work was supported by the Korea Research
Institute of Standards and Science (KRISS). We
express our sincere thanks to the researchers in
superconductivity group of KRISS.

References

[1] B. Baek, Hochul Kim, Z. G. Kim, S. M. Lee, S. H.
Moon, and B. Oh, “Construction and Operation of
High-T. Scanning SQUID Microscope,” Progress in
Superconductivity, vol. 1, No. 1, pp. 20-25, 1999,

Y. G. Park, H. Y. Lim, J. M. Kim, H. C. Kwon, and Y.

H. Lee, "High-T, SQUID magnetometers for the

multi-channel MCG system," East Asia Symposium on

Superconductive Electronics, vol. SS-2, 2001.

[3] J. H. Nam and D. H. Yoon, “Development od Adaptive
Noise Canceling Algorithm for Post Processing of
Biomedical Signals,” Proceedings of ITC-CSCC 2002,
vol. 1, pp. 500-503, 2002.

[4] Eugene N. Bruce, Biomedical signal Processing and
Signal Modeling, John Wiley & sons, Inc., NY, pp.
373-382, 2001.

[5] M. Misiti, Y. Misiti, G. Oppenheim, and J-M. Poggi,

MATLAB: Wavelet Toolbox, ver. 1, The Math works,

Inc., Natick, 1997.

Willis J. Tompkins, Biomedical Digital Signal

Processing, Prentice-Hall, NJ, 1993.

[7] Paul M. Embree and Damon Danieli, C++ Algorithms
for Digital Signal Processing, 2™ Ed., Prentice-Hall,
NJ, 1999.

—
[\
—

[6

—



