o) 3t 3l A - A 174, A1s, 1996
J. of KOSOMBE : Vol. 17, No. 1

AR AEAS

A7 =

T o

A 7 ¥ F

96 -17-1-13

60Hz AQJ3}+S
3k

i

HYH - 714 0lHs

= Abstract=

A Study on the Elimination of 60Hz Powerline Interference for the
Automated Diagnosis of Electrocardiogram

Hyuk je-Kweon, Keesam-Jeong, Myoungho-Lee

Diverse digital filters have been designed previously to eliminate powerline(AC) interference in the
electrocardiogram. This paper describes filtering methods which have been developed-recursive notch,
adaptive, IEF(Incremental Estimation Filter)-and proposes a new AIEF(Advanced Incremental FEstima-
tion Filter) method. The performances of these filters are compared on artificial signals as well as
actual ECG signals with the aid of validated CSE(Common Standards for Quantitative FElectrocar-
diography). AC interference in this database is shown to exhibit two qualities especially relevant to fil-
ter design . considerable deviations from a nominal 60Hz frequency and substantial noise at higher

harmonics.
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Fig. 1. Frequency and phase characteristics of the band
rejection filter proposed by Lynn
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Fig. 3. The filter effects with a free AC noise ECG signal.

(a) Original ECG signal free of AC interference (b)The differ-

ence between after filtering by IEF and original signal (15 x magnified) (c) The difference between after fitering by AIEF

and original signal(15 x magnified)
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Fig. 6. The filter effects for real ECG signal(CSE #41(lead 1)) (a)actual input ECG signal (b)Noise components eliminated
by Lynn filter (c)Noise components eliminated by Wiever filter (d)Noise components eliminated by adaptive filter (60Hz) (e)
Noise components eliminated by IEF (f)Noise components eliminated by AIEF
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Fig. 7. The power spectrums of an input ECG signal in Fig. 6 and an output ECG signal after each filter. (a)The power
spectrum of input ECG (b)The power spectrum of output ECG after Lynn filter (c)The power spectrum of output ECG
after Wiever filter (d)The power spectrum of output ECG after adaptive(60Hz) filter (e)The power spectrum of output
ECG after IEF (f)The power spectrum of output ECG after AIEF
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Fig. 9. The power spectrums of an input ECG signal in Fig. 7 and an output ECG signal after each filter. (a)The power
spectrum of input ECG (b)The power spectrum of output ECG after Lynn filter (c)The power spectrum of output ECG
after Wiever filter (d)The power spectrum of output ECG after adaptive(60Hz) fiiter (e)The power spectrum of output
ECG after adaptive(4th harmonic of 60Hz) filter (f)The power spectrum of output ECG after IEF (g)The power spectrum
of output ECG after AIEF
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Fig. 10. The graph of mean and standard deviation in the
absolute difference between the unfiltered and filtered sig-
nal within QRS complex as a function of filter width de-
termined by parameters. (a)Lynn filter (b)Weaver filter
(c)adaptive filter(60Hz) (d)adaptive filter(harmonic of
60Hz) (e)lEF (f)AIEF
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