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V. BizomocTi npo gucepraniio
Mosga guceprTariii:
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Tema guceprarii:

1. MaTemaTy4Ha MOZEJb Ta METOAM aHaJIi3y ITyJIbCOBOTO CUTHAJIY JiJIsl MiIBUIEHHS iH)OPMAaTUBHOCTI
¢doTonnernsmorpadiyHUX CUCTEM

2. Mathematical model and methods of pulse signal analysis to increase the informativeness of
photoplethysmographic systems

Pedepar:

1. Y pucepTauii po3B’s13aHO aKTyasbHY HAyKOBY 337ja4y OO PYHTYBaHHSI MAaTEeMAaTUYHOI MOJEeJIi Ta pO3POOJIEHHS
METO[IiB aHaJIi3y IyJIbCOBOTO CUTHAY [JIs MiABUIEHHS iHPOPMATUBHOCTI (poTomeTnsmorpadiyHux CUCTEM.
O6rpyHTOBaHO BUOip MaTEMaTUYHOI MOZEJIi MyJIbCOBOTO CUTHAJY Y BUTIJISTi 1€PiOIUYHO KOPEIbOBAHOTO
BUIIJIKOBOTO Npouecy. Ha 6a3i 06rpyHTOBaHOi MOZEJ ITyJIbCOBOTO CUTHATY PO3PO6JIEHO METOIM Ta AJITOPUTMU
fioro aHasi3y 1151 064MCIIEHHS yCePeIHEHUX KOPEJSILiTHUX KOMIIOHEHT sIK iHpOPMAaTUBHUX O3HAK CTaHY

puUrigHocTi cyauH. Po3po6sieHo 06YMCIIIOBaIbHUN METOJ, Ta aJITOPUTM OLIiHIOBaHHS I1€Piofy IyJIbCOBOTO CUTHAIY



D715 i BULIEHHS TOYHOCTI 10T0 aHasi3y. Po3pobeHo nmporpamHe 3abesnedyeHHs B cepenosulli MATLAB Ta maker
doronnerusmorpadidHoi cucTeMU [1Jisl peecTpallii Ta aHaji3y yJIbCOBOTO CUTHaly. Po3pobiieHo MeTox, Ta
anroputMm Bepudikauii Ta Banigauii MeToiB aHali3y yJbCOBOrO CUTHAJY Ha 6a3i iMiTaliliHOro MOJieII0BaHHs Ta
napameTrpuyHoro kpurepito @imepa. Ha nigcrasi pesysbraTiB Bepudikaliii Ta Basiganii BcTaHOBIEHO, 1[0 METOAU Ta
pO3po06JIeHi Ha iX OCHOBI aITOPUTMU aHali3y MyJIbCOBOTO CUTHAJY € iCTUHHO Ipale3JaTHUMU I1PY BUSIBJIEHH]
PUTiIHOCTI CyOUH y JIIOOVHU.

2. In the dissertation the actual scientific problem of a pulse signal mathematical model substantiation and
development methods of its analysis of photoplethysmographic systems informativeness increasing is solved. The
mathematical model of the pulse signal in the form of a periodically correlated random process is substantiated,
which made it possible to take into account randomness, periodicity and correlation between different pulse
waves (cycles) of one implementation to solve the problem of studying the dynamics of changes in the phase-time
parameters of the signal as a sensitive indicator of the state of vascular rigidity. A computational method and
algorithm for estimating the pulse signal period based on finding the minimum of the centered signal mean value
variation function have been developed to increase the accuracy of its analysis by reducing the blurring of the
calculated estimates of informative features in photoplethysmographic systems. A model of
photoplethysmographic system for registration and analysis of pulse signal is developed. The results of
metrological verification confirmed the authenticity of the layout. On the basis of a pulse signal substantiated
model methods and algorithms of its analysis for calculation of averaged correlation components as informative
(diagnostic) signs of a condition of human vessels rigidity are developed. The computational complexity of pulse
signal analysis algorithms in relation to their software implementation is estimated. Specialized software as a
component of photoplethysmographic systems for a pulse signal computer analysis by in-phase and component
methods in MATLAB environment has been developed. A method and algorithm for analysis methods verification
based on simulation of a pulse signal as periodically extended in time space sums of two time-shifted functions of
normal distribution taking into account randomness of amplitude and phase-time indicators were developed. A
software with a graphical user interface in the MATLAB environment to simulate high-probability implementations
of test pulse signals by input parameters (wave amplitude, their time durations and moments, number of cycles,
randomness, phase changes, etc.) was developed. According to the verification results using a pulse signal
simulation model the interrelation between phase shifts of direct and reflected pulse waves in the structure of
simulated signals with averaged correlation components as informative features is revealed which confirmed the
fact of their informativeness and truth about the efficiency of the methods of analysis of the pulse signal at
detection of the human vessels rigidity manifestations. The validation procedure to establish the truth of the
efficiency of the pulse signal in-phase and component analysis methods and algorithms by comparing the analysis
results of the simulated pulse signals with experimental data is carried out. Based on Fisher's parametric criterion,
the similarity of the analysis results (averaged correlation components) of the simulated and experimental pulse
signal with the reliability of the decision 0.95 (0.99) and the error of the decision 0.05 (0.01), was confirmed.
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