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Abstract. Noisy ECG signals contain variations in the amplitudes or in the time
intervals which represents the abnormalities associated with the heart; thereby
making visual diagnosis difficult for cardiovascular diseases. Hence, to facili-
tate proper analysis of ECG; this paper presents a combination of wavelets
analysis and morphological filtering as an approach for noise removal in ECG
signals. The proposed algorithm involves sub-band decomposition of ECG sig-
nal using bi-orthogonal wavelet family. The wavelet detail coefficients contain-
ing the noisy components are then processed by morphological operators using
linear structuring elements. The morphological filter processes only the cor-
rupted bands without affecting the signal parameters. Simulation results of the
proposed algorithm show noteworthy suppression of noise in terms of higher
signal-to-noise ratio preserving the ST segment and R wave of ECG.

Index Terms: bi-orthogonal wavelets, detail coefficients, morphological
filtering.

1 Introduction

Electrocardiogram (ECG) is measure of the voltage fluctuations occurring inside heart
because of the potential changes across the cell membrane. During acquisition from
the patient’s body, ECG signal gets distorted by different types of noise artifacts that
can be within a frequency band of interest. ECG signals are plagued by impulse noise,
due to muscle activities; it appears as false positive and negative voltage fluctuations
(in the form of spikes of short duration) in the ECG signal [1-2]. Therefore, ECG
signal conditioning for providing noise removal is a necessary requirement for com-
puter-aided analysis such as QRS detection and temporal alignment. Computer based
diagnosis have been demonstrated fertile for various other diseases like breast cancers
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[3]-[6], brain tumors [7]-[8] as well as for diseases based on accumulation of fluid
[9]-[12]. In this regard, the reliability issues of the computer-based analysis models
reported in former works are of great importance. Numerous variants of morphologi-
cal filtering operations have been proposed in literature for noise filtering of ECG
signals. Processing of ECG signals with different variants of morphological operators
employed flat structuring elements were able to reduce ST segment distortion only up
to 50% [13]-[15]. Wavelet based techniques [16]-[18] for ECG noise suppression
requires numerous experiments for ruling out scales and thresholds. These algorithms
were complex incorporating mother wavelet selection and may require more compu-
tation time. R. Verma et al. [19]-[21] proposed another method for impulse noise
suppression and baseline correction in ECG employing three as well as two dimen-
sional structuring elements. In the present work, an improved filtering technique using
a combination of wavelets and morphology is employed for achieving low distortion
and high noise suppression. The rest of this paper is organized as follows. The pro-
posed ECG filtering approach is described in Section 2. Section 3 provides the
obtained simulation results and discusses them while the work is concluded under
Section 4.

2 Proposed ECG Filtering Approach

ECG signal being a non-stationary signal makes it difficult for denoising. A proficient
technique for such a non-stationary signal processing is the wavelet transform. The
wavelet transform can be used for decomposition of a signal in the time frequency
scale plane. Morphological filtering is a non-linear transformation technique primarily
used for local modification of geometrical features of a signal. This shape information
(of features) is extracted by using a structuring element (of appropriate dimensions) to
operate on the input signal. Erosion, dilation, opening and closing are the common
morphological operators used. [22]-[23]. An important aspect in noise suppression is
the selection of optimum size of the structuring element. Improper selection of
structuring element may distort the adjacent wave in the ECG signal. Moreover, the
ECG noise filtering by pure morphological filter leaves residual impulse noise which
brings variations in the amplitude and time interval of the processed ECG signal.
However, biorthogonal wavelet provides frequency domain approach for noise
filtering. It is noteworthy that decomposition of ECG signal into detail sub-bands
helps in dealing with the residual noise which cannot be removed through
morphological filter. Hence, in this work, combination of wavelet and morphology is
used for noise filtering of ECG signal. The signal is first decomposed into subbands;
the wavelet detail coefficients are then processed by applying morphological opera-
tions using linear structuring element. The proposed algorithm comprises of following
steps:

Step-1: The algorithm initiates with the decomposition of the ECG signal into sub-
bands. This is done by choice of appropriate wavelet family like Bi-orthogonal wave-
lets for ECG signal processing. Most of the impulse noise which is characterized by
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high spikes resides in the detail sub-bands. Thus, the detail sub-bands with high fre-
quency spikes are separated for application of proposed morphological filter.

Step-2: The morphological filter involves the application of combination of erosion
and dilation operators on the affected sub-bands. ECG signal (A) is mainly corrupted
by impulses (or spikes) i.e. very large positive or negative values of very short inter-
val. The noise suppression with the proposed morphological filter involves dilation
followed by erosion in the first stage and erosion followed by dilation in second stage
using linear structuring element (B). The structuring element should be comparable to
the width of impulse noise. The linear structuring element B used in this work
consists of an array of ones of size 10. This enables removal of residual impulse noise
without introducing any distortion in ECG waveform or loss of information. The re-
sults of both the stages are averaged as given by equation (1) to get the denoised de-
tail sub-bands.

B=[1111111111]
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B 2 2

f

Where: B is a structuring element, f represents the reconstructed ECG signal, 6
represents erosion operation, @ represents dilation operation.

Step-3: The denoised output ECG signal is finally reconstructed from the the
processed detail sub-bands through wavelet reconstruction.

3 Results and Discussions

For simulation purposes in the present work, ECG signals are adapted from interna-
tionally accepted MIT-BIH database that consists of recordings which are observed in
clinical practice. The ECG recordings were created using two clean recordings (118
and 119) from the MIT-BIH Arrhythmia Database, to which calibrated amounts of
noise from record 'em' were added which are termed as Noise Stress Databases [24].
ECG signal interpretation is based on the wave amplitude, time interval and the shape
of QRS complexes. These signal parameters are affected by the noise which interfere
with the actual information and thereby makes visual diagnosis difficult [25]. It can
be noticed that in the fig. 1(a) and 2(a) the QRS complex is corrupted from noise arti-
facts. The corrupted ECG signal is first decomposed into sub-bands by choice of
appropriate wavelets. The noise content in the detail sub-bands is then suppressed by
using morphological filtering. The choice of optimal structuring element is experi-
mentally determined by using the Signal to Noise Ratio (SNR) as performance meas-
ure for quality evaluation [26]-[27]. It can be seen from fig. 1(b) and 2(b) that impulse
noise is reduced by the proposed approach. Evaluation of SNR values will act as tool
for the comparison of different families. The SNR value of noisy signals 118e24,
119e24 and PTB s0010 were found to be 25.21 dB, 36.27 dB and 24.74 dB respec-
tively. Upon denoising with the proposed approach, SNR values get enhanced to 32.2
dB, 44.5dB and 26.5 dB respectively.
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Fig. 1. (a) Noisy ECG Signal (MIT BIH record 118e24), (b) Denoised ECG Signal using
proposed approach
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Fig. 2. (a) Noisy ECG Signal (MIT BIH record 119e24), (b) Denoised ECG Signal using pro-
posed approach

It has been experimentally analyzed that the biorthogonal wavelets appears most
promising among all as it gives high quality results on all the signals evaluated by the
proposed algorithm. Higher value of SNR obtained by biorthogonal wavelets depicts
better noise suppression in comparison to other wavelet families. The application of
morphology with wavelets overcomes the need of wavelet thresholding.

4 Conclusion

This paper presents the decomposition of the ECG signal using wavelets followed by
noise filtering through morphology. The ECG signal decomposition helps in multi-
scale analysis which provides noise filtering only in the corrupted sub-bands. Noise
suppression is achieved through morphological filtering using linear structuring ele-
ments. This enables proper removal of residual impulse noise by applying morpholog-
ical filter only in the affected sub-bands without introducing any distortion in ECG
waveform. The proposed algorithm provides good results by bi-orthogonal wavelet in
comparison to other wavelet families in terms of SNR values.
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