





The decomposition process gives coefficients that
start from the last level [Ax ,Dk ,....D:1 ] . We seek to
approximate adequately the baseline wander band by the
suitable wavelet approximation vector Ag, where K is
produced by K levels decomposition. However, the level K
can be found by[7]:
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Where f3,,.is the maximum baseline wander frequency,

and f; is the sampling frequency.

This means that the c¢4x vector should be nullified to
suppress the contribution of the baseline drift from the noisy
ECG signal and preserve the useful signal.

B. DCT-based method for baseline dr ft removing

1) Discrete Cosine Transform

The discrete cosine transform is considered a powerful
tool for signal analysis. A general equation is written as [15]:
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N is the length of the input signal x(xn). Therefore, the
transform domain resulting signal X (k) has the same length.
The estimation of corresponding index £ is expressed by :
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Where f; is the sampling frequency, f; is the frequency of
index k.

The baseline drift in the DCT domain is suppressed by
zeroing the k index matching the frequencies of the BW [0-
Jowmax|. After suppressing contributing indexes [10], we
perform a reconstruction operation using inverse DCT using
the following equation:
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2) FWHT -based method for baseline dr.ft removing
3) Fast Walsh—Hadamard transform

The FWHT is an orthogonal transformation based on the
orthogonal waveform’s atoms called Walsh functions to
involve frequency domain signals. The Walsh-Hadamard
matrix is derived from the Kronecker product ® .
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The FWHT of the input signal x(n) with N length is given
as follows :
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Wn is the Walsh matrix, which is generated using the
Hadamard matrix employing the bit-reversal permutation and
the Gray code change on the row index[16]. The Walsh
function can be expressed as:
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The Walsh-Hadamard Transform (WHT) is a real-to-real
transformation. This means that the frequency component is
defined from 0 to half of the sampling frequency of the input
signal. To eliminate the baseline wander, we need to nullify
the contributing coefficients of the discrete WHT transform
using the corresponding index & associated to the frequencies
range [0-fpwmax] Obtained by the same equation (4).

Where f; is the sampling frequency, f; is the frequency of
index k. Accordingly, the inverse Walch-Hadamard transform
is given by :
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IV. SIMULATION AND RESULTS

We conducted multiple simulations to assess three
baseline wander suppression techniques in a comparative
manner using various conventional metrics. Therefore,
numerous tests have been performed on two types of ECG
signals:

e Real data from the MIT BIH arrhythmia database
ECG recording with 360 Hz sampling frequency
and 11 bits resolution[17]. These records contain
inherent baseline drift noise. For our tests, we
have chosen the ECG records (mitdb/121 and
mitdb/115).

®  Generated synthetic ECG signal with a sampling
rate of 360 Hz.

It is worth noting that synthetic signals are corrupted, with
generated artificial BW noise expressed by:
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where, B; = [100,50,-30,50,50] and f5; = [0.1,0.2, 0.3, 0.4,
0.5] Hz, respectively.

We attract attention to the fact that in the case of synthetic
signals, visual inspection has been taken as a qualitative
evaluation in association with a quantitative examination,
considering the signal-to-noise ratio SNR and mean square
error MSE. Accordingly, the used metrics are formulated as
follows [11]:









