








produces the residual noise reported in Fig. 3.D,
characterized by a ratio r_in_out=0.07, and in which the
distortion effect in the QRS complex is evident.

A - ECG ORIGINAL , LEAD V3

B -"n" PARAMETER

C - RESIDUAL NOISE (r_in_out=2.94, n_min=3)

D - RESIDUAL NOISE (r_in_out=0.07, n_min=15)
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Fig. 3. High-frequency noise filtration of ECG signal
without EMG noise (lead V3). A. Original ECG signal;
B. window filter n parameter. C. Residual noise with the
proposed method (n_min=3). D. Residual noise with
fixed window (n=15).

4. Conclusions

The High-frequency noise filter, based on the method
of Savitzky-Golay with a dynamic adjustment of the
filtering window inside the QRS interval has been
proposed and tested. A comparison with previous results
in the same database for the analysis of QRS and T wave
alternans, produced significant decrease of standard
deviation of PCA index in QRS interval.

1092

References

[1] AHA Committee on Electrocardiography,
Subcommittee of Instrumentation. Recommendations
for standardization of instruments in

electrocardiography and vectorcardiography, IEEE

Trans on Biomed Eng 1-14.

Lander P, Berbary E. Time-frequency plane Wiener

filtering of the high-resolution ECG: development

and application, IEEE Trans Biomed Eng
1997;44:256-65.

Paul J, Reddy M, Kumar V. A transform domain

SDV filter for suppression of muscle noise artifacts in

exercise ECGs. IEEE Trans. Biomed. Eng.

2000;47:654-62.

[4] Nikolaev N, Gotchev A, Egiazarian K, Nikolov Z.

Suppression of electromyogram interference on the

electrocardiogram by transform domain denoising,

Med & Biol Eng & Comp 2001;39:649-55.

Joy J, Manimegalai P. Wavelet based EMG artifact removal

from ECG signal. J Eng Comp & Appl Sci 2013;2:55-8.

Bagheri F, Ghafarnia N, Bahrami F. Electrocardiogram

(ECG) signal modeling and noise reduction using Hopfield

neural networks. Eng Techn & Appl Sci Res 2013;3:345-8.

[7] Savitzky A, Golay M. Smoothing and differentiation of data

by simplified least squares procedures. Anal Chem

1964;36:1627-39.

Christov I, Daskalov IK. Filtering of electromyogram

artifacts from the electrocardiogram. Med Eng & Phys

1999;21:731-6.

Gotchev A, Christov I, Egiazarian K. Denoising the

electrocardiogram from electromyogram artifacts by

combined transform-domain and dynamic approximation
method, Int. Conf. Acoustics, Speech and Signal

Processing, ICASSP2002, Orlando, USA, 13-17 May,

2002:3872-5.

[10] Dotsinsky I, Mihov G. Tremor suppression in ECG,
BioMed Eng OnLine 2008: 7(29)
http://www.biomedical-engineering-
online.com/content/7/1/29 .

[11] Dotsinsky I, Mihov G. Simple approach for tremor
suppression  in  electrocardiograms,  Bioautomation
2010;14:129-36.

[12] Degani R, Bortolan G. Methodology of ECG interpretation
in the Padova Program, Methods of Information in
Medicine 1990, 29:386-392.

(2]

(3]

(3]
(6]

Address for correspondence.

Giovanni Bortolan

Institute of Biomedical Engineering, ISIB -CNR
Corso Stati Uniti, 4, 35127 Padova, Italy
Giovanni.Bortolan@isib.cn





