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ALGORITHMIC SUPPORT OF WAVELET PROCESSING
OF PULSE SIGNALS IN THE MORLET BASIS

LV. Yavorskyi, graduate student of the ESP «Biomedical Engineering»
S. V. Uniyat, graduate student of the ESP «Biomedical Engineering
R.A. Tkachuk, Doctor of Technical Sciences, professor, professor of
the Department of Biotechnical Systems

M.O. Khvostivskyi, Ph.D., Associate Professor, Associate Professor of
the Department of Biotechnical Systems

Ternopil Ivan Puluj National Technical University, Ternopil, Ukraine

Summary. On the basis of the method of wavelet processing in the basis of Morle, an algorithmic
support for the processing of the pulse signal was developed for the purpose of studying its
temporal fluctuation, taking into account different scales.

Keywords: pulse signal, wavelet processing, Morlet basis, algorithmic support.

In cardiology, the non-invasive method of photoplethysmography is effectively
used when studying vessels and determining their parameters.

Computer photoplethysmographs, which are implemented using the method of
photoplethysmography, provide the process of forming diagnostic information as
indicators of the state of human vessels. The level of efficiency and diagnostics
provided by computer photoplethysmographs on the state of blood vessels is
determined by the possibilities of algorithmic processing of pulse signals, which is
implemented on the basis of processing methods. Among the known methods of
pulse signal processing, the following are highlighted: 1) quantitative processing
(S.V. Pavlov, M.E. Friz, B.B. Mlynko) [1,2]; 2) statistical processing (M. Fryz,
O.A. Pastukh, B. Marchenko, B. Mlynko) [3-5]; 3) spectral processing (Sharpan
0.B., Zudov O.M., Lutsuk O.V., Rybin O.l., Danylevska V.G., Allen J. Murray, etc.)
[6-12]; 4) spectral-correlation processing (O.M. Zudov) [7]; 5) wavelet processing
with the Dobeshe basis function [13]; 6) in-phase and processing component
(L.V. Khvostivska) [14].

The wavelet processing method, unlike other methods, provides a study of the
structural fluctuation of the signal in the observation time space of different scales,
which is necessary for timely detection of changes in human vessels. When searching
for effective pulse signal processing methods, researchers did not use the full
potential of wavelet processing, but limited themselves only to the Dobeshe basis
function.

Therefore, the extension of new basis functions to wavelet processing of the
pulse signal (PS) will ensure the development of a new effective algorithmic software
for computer photoplethysmographs to calculate new diagnostic information about
the state of blood vessels, which will ensure their diagnostic level.

The wavelet method was used to analyze the pulse signal. This method makes
it possible to study the time-frequency composition of the pulse signal and thereby
provide tracking of the structural fluctuation of the pulse signal of different time
scales, which is relevant when detecting changes in human vessels.
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The expression of the wavelet processing method is given as an expression:

W(a,b)zﬁjj: s(t)yx(%jdt )

where w(%) - wavelet transform kernel (basis); a — scale factor, b — time shift.

As the core of the wavelet basis, the Morle basis was used, since it correlates in
shape with the investigated pulse signal as a periodic set of sinusoidal oscillations.
The Morlet base expression is presented as an expression:

ia)ﬂ —1(t_bj2
w(t,a,b)=e 2e 2 2/ (2)
where @ — base frequency; a — scale factor; b — time shift.
Coefficients t, a and b form a wavelet form.
On the basis of wavelet processing expressions (1) and (2), an algorithmic
support for pulse signal processing was developed in the form of an algorithm, which

is shown in Fig. 1.
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Fig. 1. Algorithmic support of PS wavelet processing in the Morlet basis

According to the implemented algorithmic support, which is shown in fig. 1, the
following stages are carried out: entering the values of scale coefficients a=1,a

max !
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time shift b=1b interval time as a sequence t=1t.,,, calculation of the basic
frequency ® and basic Morle frequency l//(t), wavelet coefficients C(a, b) depending
on a,b,t when applying the cycle, and then switching to the frequency representation
using the Fourier transform function W (f,a,b).

The implemented algorithmic support provides processing of the pulse signal of
human vessels when using wavelets, which allows studying the time-frequency
fluctuations of the signal in a three-dimensional projection. This makes it possible to
monitor all variations in the structural units of vessels, indicating minimal or maximal
disturbances in their functioning.

max ?
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