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2. Methods of analysis of lung sounds for the state assessment of the human respiratory system

Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA aKTyaIbHIN TeMi OOPOOKM Ta aHasIi3y 3BYKiB JIET€Hb JIIOJAUHU 3 METOIO
OTPMMAaHHA [iarHOCTUYHO LIHHUX NIapaMETPIB /11 BAKOPUCTAHHS iX K CAMOCTIMHUX KPUTEPIIB OLIIHIOBAHHS CTaHY
IVIXaJIbHOI CUCTEMU JIIOAMHM 1 SIK BXiTHUX apryMeHTiB kiacu@ikaTopiB. 3 METOI0 OTPUMaHHS [TapaMeTpiB 3BYKiB
IVXaHHs Ta iHdpopMalii Ipo cTaH 6POHXO0JIET€HEeBOi CUCTEMMU JIIOJIMHU 3alIPOIIOHOBAHO IPOBOAUTU TPU €Tanu
aHaJi3y 3BYKiB JIeTeHb: IIoTIepeHsl 00po6Ka, 6be3nocepeHbO aHali3 curHasiB i knacudikanis. Ha etani nonepenHboi
06pOOKHU 3aIIPONIOHOBAHO YI,O0CKOHAJIEHNI METO]] 3HAXOIKEHHSI Ta BUITYYE€HHS MIEPEIIKOKAIUNX apTe(aKTiB B
CUTHAJjIaX 3BYKiB JIET€Hb Ta METOJ, PO3OUTTS CUTHAJIIB Ha JUXajbHi (asu BOUMXY-BUAUXY. 3alIpDOIIOHOBAHO
YAOCKOHAJIEHY iMiTalLlilHY MOZEJIb [IOPTATUBHOTO PEECTPYIOYOT0 KOMILIEKCY. [1J1s1 3HaXOIPKEHHS NiarHOCTUYHO
L[iHHUX BJIaCTUBOCTE 3BYKiB JIET€Hb PO3PO0JIEHO HOBUI METOJ, HA OCHOBi BUKOPUCTAHHSI MAaTEMAaTUYHOTO arapary

CTaTUCTUKY BUILIMX IIOPSIZIKIB, a CaMe PO3PaxyHKy OicrieKTpanbHUX QYHKIIH, TapaMeTpUIHOro 6icrieKTpy, QyHKIIiN



6iKOrepeHTHOCTI, KoeQillieHTiB aCMMETpii Ta eKCLeCy. 3HalIeHO HOBi 3aKOHOMIPHOCTI MK PO3paxOBaHNMU
rapaMeTpamy, SIKi CBij4aTh PO CTaH IUXaJbHOI CUCTEMU JIIOAUHU. 3alIPOIIOHOBAHO BUKOPUCTAHHS TPhOX BUTIB
kiacudikaTopis, BUBHAUEHO BXifjHi apryMeHTH AJ1s iX po60TH, 110 JAIOTh HalKpalli IOKa3HUKU. 3alIpOIIOHOBAHO i
OIMCAHO 3arajibHy CTPYKTYPY AiaTHOCTUYHOTO IPOrPAMHOT0 KOMILIEKCY, Pe3yJIbTaTOM POOOTH SIKOTO €
pekoMeHpanii moao ctaHny 6pOHXOJIereHeBOol cucTeMu JIoauHU. Kimlo4yoBi ciioBa: 6ikorepeHtiis, 6icriekTp, 6iyacToTy,
3BYKU JIeTeHb, KjacudikaTop, koedillieHT acuMeTpii, KoeillieHT exclecy, MalllMHHE HaBYaHHSI, CIIEKTPU BULIUX
MOPSOKIB.

2. The thesis is devoted to the actual topic of human lung sounds processing and analysis in order to obtain
diagnostically valuable parameters. These parameters are used both as stand-alone criteria for assessing the state
of the human respiratory system, and for using them as input arguments of classifiers to automate decision making
for certain diseases. In this thesis important scientific and technical task was solved: improving the methods of
lung sounds’ preprocessing and their analysis for finding new diagnostically valuable parameters of lung sounds on
the basis of mathematical apparatus of higher order statistics used for the classification of bronchopulmonary
diseases. The advanced method for the initial processing of lung acoustic signals is described. This method is
based on the filtering of noise signals caused by random environmental interference and deficiencies in the
recording tool. The use of this method improves the quality of the lung sound signals to further obtain the
informatively valuable parameters of lung sounds. This method is based on bidirectional filtering and helps to get
rid of random bursts in the test signal. The method of separating individual breathing cycles in lung sounds is
based on the allocation of respiratory cycles by means of spectral-temporal analysis of the incoming audio signal,
synthesis of the main reference signal that simulates respiratory activity. Method of differentiation of normal and
pathological respiratory noise based on the analysis of third-order cumulative functions and bispectral functions.
In addition, the method of differentiation of crackling sounds and wet fine bubbling wheezes is also proposed. The
developed method of diagnosing chronic obstructive pulmonary disease (COPD) and chronic bronchitis based on
an iterative approach to find diagnostically valuable parameters of lung sounds, such as values of bispectrum and
their corresponding frequencies, values of bicoherence functions and their corresponding frequencies, skewness
and kurtosis coefficients is proposed in the thesis. This method also analyzes the parametric bispectrum. Some
relationships and patterns between the group of these parameters and the corresponding category of the
respiratory system state are determined. Different classifiers were examined with a different set of input
arguments. Thus, the analysis determined that the best results were obtained using three classifiers: the support
vector method, the decision tree, and neural networks. It was found that the best results were obtained by
applying seven parameters of lung sounds obtained from higher order spectra. The general structure of the
developed diagnostic software complex to provide an automated initial recommendation and a brief description of
all stages of complex work are proposed.
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