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1. TexHosoris iepapxiyHoi kyacudikariii B 3a4a4ax [1iarHOCTUKY MATOJIOTIN 32 MEAUYHUMHU 300pasKeHHSIMU Pi3HUX

MOJIaJIbHOCTEN

2. Technology of Hierarchical Classification in the Diagnosis of Pathologies from Medical Images of Various
Modalities

Pedepar:

1. luceprariis nmpucBsaYeHa po3pobaIeHHIO TEXHOJIOTIi iepapxXiyHoi Kinacuddikalii Aj1s miaBUIeHHSI TOYHOCTI
BUSIBJIEHHSI IIATOJIOTI 32 MEIMYHMMHY 300PKEHHSIMHU Pi3HUX MOJANbHOCTEN. MeTOI0 poOOTH € YAOCKOHAIEHHS
METO/IiB KOMITIOTEPHOI 1iaTHOCTUKU LIJIIXOM IO€JHAHHS aHCAaMOJIeBUX aJIFTOPUTMiB MAIIMHHOTO HAaBYaHHS 3
pO3MKPEHUM HaGOPOM TEKCTYPHHUX O3HaK i MOaN(IiKOBAaHUM METOIOM BUIIAZKOBOTO JIiCY AEPEeB ONTUMAIbHOI
cxiagHocTi (BJIJOC). O6’eKT IoCiI>KeHHs — IIPOLIeC aHali3y AialrHOCTUYHUX y/IbTpa3ByKoBuX Ta KT-3HiMKiB;
IpenMeT — MOJIEJ i alrfOpUTMHU aBTOMAaTU30BaHOTO PO3ITi3HABaHHS CTaHiB 06i0JIOTiYHUX 00’€KTIB. Y HOCTiIKeHH]
BUKOPUCTAHO riCTOrpaMHy 0OpOOKY, CErMEHTAllil0 3rOPTKOBUMU HEMPOHHUMU MepeKaMu, CTaTUCTUYHUH i

dpaxTasbHUM TEKCTYPHUI aHaJIi3, KOpeaauiiiHui Binbdip o3Hak, XGBoost, LightGBM i TexHosiorit0 iepapxiqHoi



kinacudikauii. HaykoBa HOBM3HA NOJArae y HaCTymHOMY: 1. Briepiie 3arporoHOBaHO TEXHOJIOTIO Kacudikariii
[IATOJIOTIH 32 MHOXKHHOIO MEAUYHUX 300pasKeHb OJHOTO 00'€KTY NOCIIIKEHHS, e [l KOXKHOT'O 300paskeHHS

004U CIIIOETHCST PO3IIOIN MIMOBIpHOCTEH 117151 6iHApHMX KOMOiHallill KJI1aciB, @ OCTaTOYHE BU3HAUEHHS KJlacy
IIaTOJIOrIi BiIOyBA€ThCS 32 MHOKMHOIO BCiX [IiaTHOCTUYHMX MIOKa3HUKIB 00'€KTY, MiJIBULIYIOUYN TOYHICTb IOPIBHSHO 3
kiacudikauieio 32 OKpeMUMH 3HIMKaMu. 2. BIoCKoHasieHO MeTo/ MallMHHOTo HaByaHHS «Random Forest»
(ctBopeno BJIIOC) uuisixoM o6yLoBU fiepeB pillleHb OIITUMAJIbHOI CKJIaIHOCTi Ha OCHOBI METO[ly I'PyIIOBOTO
ypaxyBaHH4 aprymeHTiB (MI'VA), ontumiszallii HA60piB 03HAaK FeHETUYHMMU aJITOPUTMaMU 33 KpUTEPieM KOpeJsLii
MeTTbI03a Ta 3BKYBaHHS [IepPEB METOIOM aHai3y iepapxiit Caarti. Po3mumpennii Habip TEKCTYPHUX NECKPUIITOPIB
OyB 3aCTOCOBaHM [1Jis cTafifoBaHHA (Pi6po3y nediHku Ta BussieHHs COVID-acolniiioBaHUX JIereHEBUX YPaXkKeHb:
nJocsirnyTo ToyHocTi 0,67 i F-mipu 0,68 1151 MyJIbTUKJIaCOBOTO CTalitoBaHHS Pibpo3y it 0,84 i 0,84 BianosigHO n1s
inenTudikanii narosoriit jereHb; MaXXOPUTapHE rOJIOCYBaHHS Ha PiBHI NMalieHTiB NigBUIINIIO TOYHICTS 10 0,75 Ta
0,89. [IpakTryHa 3HAYYIIICTh MigTBEPKEHA BIIPOBAIKEHHSAM PE3yJIbTATIB y YOTUPU MIPOBiIHI yCTaHOBU YKpaiHy,
1O CIIpUsi€ 3MEHLIEHHIO TOTPEOU B iHBa3MBHUX Ipoleaypax. OTprMaHi pe3ybTati GOPMYIOTh OCHOBY J1Jisl
[IOJAJIbIIOrO PO3BUTKY iHTEJIEKTYyaJIbHUX CUCTEM MIITPUMKA MEOUYHYX PillleHb Y TeJIEMEOULIVHI Ta KIIiHIYHIA
iaTHOCTMUIIL.

2. The dissertation is devoted to the development of a hierarchical classification technology to improve the
accuracy of diagnosing pathologies from medical images of various modalities. The aim of the work is to improve
computer-aided diagnosis methods by combining ensemble machine learning algorithms with an extended set of
texture features and a modified random forest of optimal complexity trees (RFOCT) method. The object of
research is the process of analyzing diagnostic ultrasound and CT images; the subject is models and algorithms for
automated recognition of biological object states. The study employed histogram processing, segmentation with
convolutional neural networks, statistical and fractal texture analysis, correlation-based feature selection,
XGBoost, LightGBM, and the technology of hierarchical classification. The scientific novelty lies in the following: 1.
For the first time, a technology for classifying pathologies based on a set of medical images of a single study object
is proposed. This technology calculates the probability distribution for binary class combinations for each image,
and the final determination of the pathology class is based on the set of all diagnostic indicators of the object,
increasing accuracy compared to classification by individual images. 2. The "Random Forest" machine learning
method has been improved (creating RFOCT) by constructing decision trees of optimal complexity based on the
Group Method of Data Handling (GMDH), optimizing feature sets using genetic algorithms based on the Matthews
correlation coefficient criterion, and weighting trees using the Analytic Hierarchy Process. An extended set of
texture descriptors was applied for staging liver fibrosis and identifying COVID-associated lung lesions: an
accuracy of 0.67 and F-measure of 0.68 were achieved for multiclass liver fibrosis staging, and 0.84 and 0.84,
respectively, for identifying lung pathologies; majority voting at the patient level increased accuracy to 0.75 and
0.89. The practical significance is confirmed by the implementation of the results in four leading institutions in
Ukraine, which contributes to reducing the need for invasive procedures. The obtained results form a basis for the
further development of intelligent medical decision support systems in telemedicine and clinical diagnostics.
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