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Jlawuncokun I1.6. Metogu Ta mporpamMHi 3acoOM aBTOMAaTHYHOTO
J1arHOCTYBaHHA B MEIMYHMX cucTemax. — KBamigikaiiiiHa HaykoBa mpams Ha
IpaBax pyKOIuUCY.

Hucepraitisi Ha 3100yTTS HAyKOBOrO CTymHeHs JoKTopa (inocodii 3a
cnemianbHicTIO 121 «lHXkeHepiss  mporpamMHOro  3a0e3MeyYeHHs» — —
3ax1IHOYKpaiHChKUI HalllOHAJbHUM YHIBEpCUTET, TepHomiib, 2026.

JucepraiiitHe JOCIIKEHHS MPUCBSIYEHE PO3POOICHHIO Ta BJOCKOHAIIEHHIO
METO/IB 1 MPOrpaMHHUX 3aco0iB JJid MIJBHUILEHHS TOYHOCTI CErMeHTalli Ta
kiacudikamii OloMEeIUYHUX 300pakeHb, 110 3abe3neuye  MMiABUIICHHS
JOCTOBIPHOCTI MOCTAHOBKM J1arHo3y B OHKOJIOTii. OCHOBHa 4acTHHa pPOOOTH
BKJIFOYA€E BCTYII, YOTUPH PO3JILIIU Ta BUCHOBKH.

VY BeTyni po3riIIHYTO aKTyallbHICTh HAyKOBOI MpoOsieMH, c(hOpMyIbOBAHO
METy 1 3aBJaHHS JOCJIJKEHHS, BU3HAYEHO OO’€KT Ta MPEIMET JOCIIIKEHb,
B1I00Opa)KEHO OCHOBHI HAyKOBI pe3yJbTaTH, BUAUICHO HAYKOBY HOBHU3HY Ta
MPaKTUYHY 3HAYYIIICTh.

VY nmepumomy po3niii 311MCHEHO CUCTEMHUM aHalli3 00’ €KTIB AOCIIIKEHHSI,
ICHYIOYMX METO/IB, aJrOpUTMIB Ta MPOrpaMHUX 3ac00iB aBTOMAaTUYHOTO
J1arHOCTyBaHHA B OHKoJjorii. IIpoBeneHO NOpIBHSAUIBHUI aHa3 apXiTEKTyp
CyYaCHHX CHCTEM aBTOMAaTUYHOIO [JIarHOCTYBaHHS Ta BCTAaHOBJIEHO, IO
OUTBIIICTh KOMEPIINHUX PIIIEHh MAIOTh 3aKPUTY MOHOJITHY CTPYKTYpY, IO
oOMexye iX aganTalfio 40 HOBUX MEAMYHUX HNPOTOKOIIIB. JJoBeaeHo, 1o MeToau
Ha OCHOBI INTMOOKUX HEMPOHHUX MEPEX JEMOHCTPYIOTh BUIILY TOUHICTh Ta KpAILy
y3arajJlbHIOIOUy  3/JaTHICTb  MOPIBHAHO 3  KJIACHYHUMU  QJITOPUTMAMHU
KOMIT'FOTEPHOTO 30py. BusiBieHo KputuuHy mnoTpeldy y po3poOLl THYUYKHUX
MPOrpaMHUX apXITEKTyp, IO 3JaTHI 1HTErpyBaTH HEHpOMepekKeBl MOJENl Ta

eKCIEPTHI 3HAHHSI.



Ha ocHOBiI mpoBeaeHOro anajnizy OOIPYHTOBAHO JAOUUIBHICTH CTBOPEHHS
MIPOrpamMHOi CHUCTEMHM aBTOMAaTUYHOIO J1arHOCTYBAaHHS paKky IpyAHOI 3aJI03H 3
MOJAYJIBHOIO apXITEKTYPOIO Ta C(HhOPMYJILOBAHO MEPEIIK 3aBAaHb JUCEPTALIIHOTO
JOCI1JKEHHS.

Y apyromy po3auii po3poOJeHO MeToJl OaratokyiacoBoi Kiacugikarlii
TICTOJIOTIYHUX 300pa)k€Hb JUIsl aBTOMAaTHUYHOI'O J1arHOCTYBaHHS paky IpyaHOL
3a503u 3a cryneHeM audepenuianii. OOIpyHTOBaHO NPOrPAMHO-AITOPUTMIYHI
pieHHst Juis i1eHTU(IKallii MaToJIOrYHUX CTaHiB, 30KpeMa: po3po0IeHO METO/T
Kjacuikauii, o 1HTErpye TEXHOJIOTI0 aBTOMAaTU30BaHOT O MOITYKY apXiTEKTyp
(NAS) ta eBoIO1IITHY ONTUMI3AII110, IO T03BOJIMIO CHHTE3YBaTH MOJIEb Ha 6a31
RegNet 3 TounicTio kiacudikauii 99,8%.

Tpertiit po3ais1 NPUCBSIYEHO PO3POOII METOAY aHAJI3y IMYHOTICTOXIMIYHUX
300pakeHb 111 aBTOMATUYHOTO 1arHOCTYBaHHS MIATHUIIIB paKy FPYyIHOI 3a7103H.
Po3po6iaeno MeTos JiarHOCTYBaHHSI HA OCHOB1 MTOEIHAHHS TTTMOOKOT0 HaBYaHHS
Ta MPOAYKIINHOI MOJEINI 3HaHb, 110 3a0e3Medyy€e aBTOMATU3AIllI0 1HTepIpeTalii
300paxeHb 3riHO 3 KIiHIYHUMH mpoTokonamu MO3 Vkpainu. Ya0ckoHaIEHO
apxitektypy U-Net Mepexi HLUIIXOM ONTUMI3Alli i  rimepnapameTpiB, IO
J03BOJIMJIO MIABUIIUTH TOYHICTh CErMEHTAIlll MIKpOOO €KTIB.

YerBepTHil poO3AUT MPUCBAYEHUN pO3pOOLI MPOrpaMHOI  CUCTEMU
ABTOMATUYHOI'O J[IarHOCTYBAHHS pPaKy TIPyAHOI 3amo3u. Y PO3AUIL ONUCAHO
(yHKILI0HATBHI BUMOTH JI0 MPOTPAMHOI CUCTEMH Ta pOo3pO0JIEHO ii apXITEKTypy
13 BUKOPUCTAHHSAM CYYaCHMX TEXHOJIOTIH poO3poOKM 1 MPOEKTYBAHHS
nporpamHoro 3abesneuenns. [Iporpamuauii 3acid moOya0BaHO 3 BUKOPUCTAHHSAM
KJIIEHT-CEPBEPHOI ~ MOJYJBHOI  apXITEKTYpd 3  YITKUM  PO3AUICHHAM
BIJIMOBIJIAJIBHOCTI, LI0 JA€ 3MOTY pO3ropTaTd KOMIIOHEHTH CHCTEMM SK Ha
JOKaJIbHOMY KOMIT'IOTE€pl, TaK 1 Ha Oynab-AKid XMapHIA 1H(PaCTPyKTypI.
[IporpamHa cucTeMa CHOPOEKTOBAHA BIJAMOBIAHO JO MPUHLMUIY €IUHOT
BIIMOBIAANTBHOCTI. Y PO3JIUII pO3pO0IEHO CTPYKTYpy 0a3u naHux. OCHOBHUMHU

MOJYJISSIMU CUCTEMH € MOJYJIb KOPHUCTYBadiB, HaOOpiB JaHUX (J1aTaceTiB),



MoOJieel, CUHTE3y 300pakeHb, OLIHKUA MOAIOHOCTI CHHTE30BaHUX 300pa’KeHb
(MeTpuK), cerMeHTalii, kacugikaiii, 00UMCICHHS KUIbKICHUX XapaKTEPUCTHUK Ta
aBTOMATUYHOIO JI1arHOCTYBAHHS.

Knwuogi cnosa: 6iomenuuni 300pakeHHs (TICTOJIOTIS, IMYHOTICTOXIMIS),
aHami3 300pakeHb (aHaji3 MEIWYHUX 300pa)ke€Hb), HeHpoMepeKeBI METOAH
(rmuboKe HaBYaHHS, MAaIlIMHHE HaBYaHHs), CETMEHTalis (CerMeHTallis
OloMenuyHuX  300pakeHb), Kiacudikamis (kimacudikanis — 300paxeHsb),
JMlarHOCTHKA  (MEQW4yHa  JIIarHOCTHMKA, MEAWYHHMN  JlarHo3, CcHucTeMa
ABTOMATUYHOI'O J1arHOCTYBaHHs), 3rOPTKOBI HEWPOHHI MEpexkl, apXITEeKTypa
[IpOrpamMHOro  3a0e3MeyYeHHs, MporpaMHa CHUCTEMa, IITYYHUH I1HTENEKT,

onTUMI3alllifHa 3aj1a4a.
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ABSTRACT

Liashchynskyi, P.B. Methods and Software for Automated Diagnostics in
Medical Systems. — Qualifying scientific thesis in manuscript form.

Thesis for the degree of Doctor of Philosophy in the specialty 121 — Software
Engineering — West Ukrainian National University, Ternopil, 2026.

This dissertation research is devoted to the development and refinement of
methods and software tools for improving the accuracy of segmentation and
classification of biomedical images, thereby enhancing the reliability of
diagnostic decisions in oncology. The main part of the work includes an
introduction, four chapters, and conclusions.

The introduction discusses the relevance of the research problem,
formulates the aim and objectives of the study, defines the object and subject of
the research, outlines the main scientific findings, and highlights the scientific
novelty and practical significance.

The first chapter presents a systematic analysis of the research objects,
existing methods, algorithms, and software tools for automatic cancer diagnosis.
A comparative analysis of the architectures of modern computer-aided diagnosis
systems was conducted, and it was found that most commercial solutions have a
closed, monolithic structure, which limits their adaptability to new medical
protocols. It has been demonstrated that methods based on deep neural networks
exhibit higher accuracy and better generalization capabilities compared to
classical computer vision algorithms. There is a critical need to develop flexible
software architectures capable of integrating neural network models and expert
knowledge. Based on the analysis conducted, the feasibility of developing a
software system for the automatic diagnosis of breast cancer with a modular
architecture has been demonstrated, and a list of research objectives for the

dissertation has been formulated.

10



The second chapter presents a method for multi-class classification of
histological images for the automatic diagnosis of breast cancer based on the
degree of differentiation. Software and algorithmic solutions for identifying
pathological conditions are substantiated, specifically: a classification method
was developed that integrates Network Architecture Search (NAS) technology
and evolutionary optimization, which allowed for the synthesis of a RegNet-based
model with a classification accuracy of 99.8%.

The third chapter is devoted to the development of a method for analyzing
immunohistochemical images to automatically diagnose subtypes of breast
cancer. A diagnostic method has been developed that combines deep learning with
a knowledge-based model, enabling the automated interpretation of images in
accordance with the clinical protocols of the Ministry of Health of Ukraine. The
architecture of the U-Net network was improved by optimizing its
hyperparameters, which led to an increase in the accuracy of micro-object
segmentation.

The fourth chapter is devoted to the development of a software system for
the automatic diagnosis of breast cancer. The chapter describes the functional
requirements for the software system and outlines its architecture using modern
software development and design technologies. The software tool is built using a
client-server modular architecture with a clear separation of responsibilities,
which allows system components to be deployed both on a local computer and on
any cloud infrastructure. The software system is designed in accordance with the
single responsibility principle. This section describes the database structure. The
main modules of the system are the user module, the dataset module, the model
module, the image synthesis module, the synthesized image similarity assessment
(metric) module, the segmentation module, the classification module, the
quantitative characteristics calculation module, and the automatic diagnosis

module.
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Keywords: biomedical images (histology, immunohistochemistry), image
analysis (medical image analysis), neural network methods (deep learning,
machine learning), segmentation (biomedical image segmentation), classification
(image classification), diagnostics (medical diagnostics, medical diagnosis,
automatic diagnostic system), convolutional neural networks, software

architecture, software system, artificial intelligence, optimization problem.
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