PEDEPAT

HA MaricTepcbKy AUCEPTALIIO
BHUKOHaHy Ha TeMy MeTo/1 moOy10BM KOMI'TOTEPHUX 3aCO01B /Il BUSBICHHS
pO37aiB 370pOB's 32 paly’KKOIO OKa CTyJIieHTOM: 3aBapid Banentun OnekcanapoBud

AKTyaJbHiCTb TeMH. Y CyyacHIi MeAHMIMHI 3pocTae moTpeda B
aBTOMATHU30BAHUX CHUCTEMaX J1arHOCTHKHU, sIKI 3a0e3MeuyioTh IIBUAKE, TOYHE Ta
JIOCTYTHE BHUSIBJICHHS PO3JaJiB 310poB’s. Paiinyxka oka, SK yHiKalbHa OlOMETpHUYHA
CTPYKTypa, MOXKE€ MICTUTH I1H(POpPMAII0 TPO CTaH OpraHi3mMy, MO0 poOOUTH Ii
MEPCIEKTUBHUM 00’ €KTOM JIJIsl HeIHBA3UBHOI J1arHOCTUKH. TpaauiiiiHi METOI aHaJi3y
paliyKKH, Takl SK IpUJ0JIOTIS, € Cy0’€KTUBHUMH Ta TPYIOMICTKMMHU, TOJII SIK ICHYIOU1
aBTOMATU30BaHI MIJXOAM YaCcTO HEJOCTATHHO BPAXOBYIOTh CKJIAQJIHICTh MATOJOTTUHUX
3MiH, YyTJIUBI JIO SIKOCTI 300pa)KE€Hb Ta HE 3a0€3MeUyI0Th HAJIEKHOI IHTEPIPETOBAHOCTI
pe3ynbTaTiB. Po3poOKka KoM’ FoTEpHHUX 3aC001B Ta METO/IB /JI1 aBTOMATHYHOI'O AaHAJTI3Y
300paxKeHb paily’>KKH 3 BUKOPUCTAHHSAM CYYaCHUX TE€XHOJIOT1M KOMII IOTEPHOTO 30Dy,
MAIIMHHOTO Ta TTMOOKOTO HaBYAHHS € aKTyaJbHOIO HAyKOBO-TPAKTUYHOIO 33/7aYelo,
10 Mae K HayKOBE, TaK 1 MPaKTUYHE 3HAUCHHS, COPUSIOYNA PO3BUTKY HEIHBA3WBHUX
MIarHOCTUYHHUX ITIIXO/IB Ta ITIOTEHIIWHO TEJIEMEINIIMHH.

O00’exkTOM [JOCJIIKEHHSI € TPOLEC aBTOMATU30BAHOTO AaHaNI3y 300pakeHb
paiiy>KHOT 000JIOHKH OKa JIJIsl 1IarHOCTUKU CTaHy 37I0POB'S.

IIpenmeroM nOCaiKeHH € METOAM Ta AJITOPUTMHU MOMNEPEAHBOI 0OPOOKHU
300paxeHb palIy kKU, CErMeHTallli, TOpUAHOTO BHUAUICHHS J1arHOCTUYHUX O3HAaK,
knacudikamii Ta  iHTEprperanii  pe3yJabTaTiB B CHUCTEMax  KOMIT'IOTEPHOI
1pUI0/11arHOCTUKH.

Meta po6OTH: 3ampONOHYBATH I1HTETPOBAHUN OAraTOKOMIIOHEHTHHM METO]]
aHai3y 300paKeHb PaTy’KHOI OOOJIOHKH OKa JjIsl JIarHOCTUKHM CTaHy 3/I0POB'S, 1110
XapaKTEPU3y€EThCS MMIJIBUIIEHOI0 TOYHICTIO, POOACTHICTIO [0 YMOB OTpPUMAaHHS
300pa’keHb T4 BUCOKUM PIBHEM 1IHTEPIIPETOBAHOCTI JIarHOCTUYHUX BUCHOBKIB, a TAKOXK
OIL[IHUTHU WOT0 MOTEHIINHY €(DeKTUBHICTb.

HaykoBa HOBHM3HA 1OJISITa€ B HACTYTHOMY:

1.3anponoHOBaHO  KOMIUIEKCHY IHTETPOBaHy  apXiTEKTypy  METOIY

komm'torepHoi ipunomiarHoctuku (IBMAP-IIIP), mo cuHepreTHyHO NOENHYE



pobacTHy TmornepeaHi0 00poOKy 300pakeHb 3 KOHTPOJEM SKOCTI, aHCaMOJIEBY
rIMOOKY CErMEHTAIlI0, T1I0pHIHE BUILJICHHS Ta 3JIUTTS PI3HOPITHUX 1arHOCTUYHUX
O3HAK, Ta MOAYJh Kiacu@ikaiii 3 IHTETpAIi€l0 METOIIB TMOSCHIOBAIBHOTO
MTYy4YHOTo 1HTeeKTY (XAI).

2.3ampornoHOBaHO HOBHUM MiAXIA 10 TIOPUIHOTO BUIUICHHS O3HAK, €
O3HAKHW, ABTOMATHYHO BHUBYECHI 3TOPTKOBOIO HeWpoHHOI Mepexeio (CNN) 3
MeXaHI3MaMH yBaru, JOMOBHIOIOTHCS IJIECTIPSMOBAHO BUJUICHUMHU KIACUYHUMHU
1pUIOTIOTIYHUMU (TOTIOJOTIYHUMHU Ta KOJIBOPOBUMH) O3HAKAMH, 3 MOJAIBIIAM iX
IHTEJIEKTyaIbHUM 00'€ THAHHSIM.

3.00rpyHTOBaHO CHUCTEMaTU4YHE BUKOPUCTaHHS aHCaMOJII0 Mojelen
CEerMEHTallll Ta METO/IB OLIHKA HEBU3HAYEHOCTI J1arHOCTUYHOTO MPOTHO3Y SIK
HEB1JI'€eMHUX YAaCTHH J1arHOCTMYHOTO KOHBEEpa IS MIABUINEHHS HAIIAHOCTI Ta
JIOCTOBIPHOCTI p€3yJIbTaTIB.

4. AnantoBano metonu XAl (3okpema, SHAP, LIME, Grad-CAM) nns
OJIHOYACHOTO TTOSICHEHH S BHECKY SIK TIMOOKHUX, TaK 1 SBHUX 1PUIOJOTIYHUX O3HAK Y
KIHIEBUIM  J1arHOCTUYHUN BHUCHOBOK, 3a0€3Meuyloud MiJABUIIEHUNA PIBEHb
MIPO30POCTI.

5. 3anponoHOBaHUil cHeliadi30BaHuid MOAYJb KOHTPOJIO SKOCTI BXIJIHHUX
300pakeHb Ta aJaNTUBHOI MONEpeaHbOI OOpOOKH, 1HTErpOBaHMI B 3arajbHUMN

J1arHOCTUYHUN KOHBEED.

IIpakTH4HA HiHHICTH OTPUMAHUX B POOOTI pE3yJIbTaTIB MOJISITA€ B TOMY, LIO:

1.3anpononoBannii Mmeroa IBMAP-IIIP cTBOproe HaykKOBO-METOHOJOTIYHE
HIAIPYHTS JIJIsT PO3POOKH KOMIT'FOTEPHUX CUCTEM, 3/IaTHUX 3a0e3medyBaT OUTbII
TOYHE Ta HaJIHE BUSABJICHHS O3HAK PO3JIAJIIB 3J0POB’S 3a palyKKOK OKa, IO
MOKe OyTH BUKOPHCTAHO B MEIUYHHMX 3aKJa/JaX Ta MOTEHIIMHO B TEIEMEIUUYHUX
CUCTEMAX SIK JOMOMIXXHUMN A1arHOCTUYHUI 1THCTPYMEHT.

2.3anmpornoHOBaHUN  MiAXiJ, 3aBISKWA MIJABUIIEHIM poOacTHOCTI Ta
IHTEPIPETOBAHOCTI, JTO3BOJISIE ONMTUMI3YBATH MPOIEC AIarHOCTUKH, 3MEHIIYIOYU
3QJICKHICTh  BIJl CYO’€KTHMBHUX OIIIHOK Ta MiJABUILYIOYM  JIOBIPY  JIO

ABTOMAaTHU30BaHUX CHUCTCM.



3. Pe3ynpTatu poOOTH MOXKYTh OyTH 3aCTOCOBAHI JUIs MOJANIBLINX HAYKOBUX
NOCTIDKeHb Yy Taly3i KOMIT'IOTEPHOI JIarHOCTUKM, HABYAaHHS MEIUYHOTO
NepcoHaly HOBITHIM METOJaM aHami3y MEIUYHUX 300pakeHb Ta JJs

BIOCKOHAJICHHA iCHYIOLII/IX KOMH,IOTCpI/IBOBaHI/IX ,ZIiaFHOCTI/I‘-IHI/IX CHCTCM.

Anpobaniss pod6oru. OCHOBHI TIOJOXKEHHS Ta pPe3yJbTaTH JOCITIIKEHHS
NPEJCTaBICHO HAa HAYKOBHX CeMiHapax Kadeapu CHCTEMHOTO MpOorpamMyBaHHA 1
CIeI1aJII30BAaHUX KOMIT IOTEPHUX CHCTEM, a TaKOXX MIiATOTOBJIEHO 10 MyOJiKarii y
(haxoBUX BUIAHHSX.

CTtpykTypa Ta o0csar podoTu. Marictepcbka JucepTailisi CKJIaJaeThCs 31 BCTYITY,
I'ITU PO3JLIIB, 3aTaAJIbHUX BUCHOBKIB Ta CIIUCKY BUKOPUCTAHUX JIKEPEIL.

VY BeTyni 0OTpyHTOBAHO aKTyalbHICTh TEMHU, BU3HAUCHO METY, 3a7a4i, 00 €KT 1
MPEAMET JIOCHIIPKEHHS, a TAKOK BUCBITJIICHO HAyKOBY HOBU3HY Ta MPAKTUYHY IIHHICTh
poboTH.

VY nmepmomy po3aijii npoaHanaizoBaHO Cy4aCHUN CTaH MPOOJIEMH KOMITIOTEPHOI
1pUA0IIaTHOCTUKH, PO3TIISTHYTO ICHYIOY1 METO/IU T4 CUCTEMH, BUSBIJICHO iXHI TIEpeBaru,
HEJIOJIIKM Ta HAMPSMKH TS BIOCKOHAJICHHS.

Y apyromy po3aiji 10CiPKEHO TEOPETUIHI OCHOBHU IMOOYI0BH KOMITFOTEPHUX
3acO0IB JJI1 1pUJO01arHOCTUKY, BKJIIOYAIOUM aHATOMO-(i310JI0T14HI OCOOJUBOCTI
paliyKKu, METOIM O00pOoOKM 300pa)k€Hb Ta AJITOPUTMHU MAIIMHHOTO HABYaHHS, LIO
3aCTOCOBYIOTHCS B JIaHIN TaIy3i.

Y TperboMy Ppo3aiji JE€TaNbHO PO3POOJIEHO HOBHUWM  IHTErPOBAaHUU
0araTOKOMIMOHEHTHUN METOJ| aHami3dy 3o00paxkeHb panayxku oka (IBMAP-IIIP) 3
MBUIIEHOI0 1HTEPIIPETOBAHICTIO Ta POOACTHICTIO, OMHUCAHO WOTO apXITEKTypy Ta
(YHKIIIOHATBHICTH KOKHOTO MOTYJIS.

VY 4yerBepTOMY PpO3diJli TPEACTABICHO METOJOJIOTIIO EKCIePUMEHTAIBHOT
nepeBipku 3anponoHoBanoro Meroay IBMAP-IIIP, Bkirouatoun onuc HaOOPiB JaHUX,
METPHK OI[IHKH, 0230BUX METO/IIB JIJIsl OPIBHSHHS Ta OUIKYBAHUX PE3YJIbTaTIB.

VY n'aToMy po3aiii po3rISIHYyTO aClEKTH MOTEHIIIHHOT MPaKTUYHOI peaizaii
pPO3pO0JIEHOr0 METO/y, HaJaHO PEKOMEHJIallli 040 MOro BIPOBAKEHHS B KIIHIYHY

PAKTHKY, 00rOBOPEHO OOMEKEHHSI Ta HAPAMKH MOJAIBIINX JOCTIIKEHb.



Y 3arajJibHHX BHCHOBKAX IIiJICYMOBAHO pE3yJbTAaTH  JIOCHIKCHHS,
chopMyJIbOBAaHO OCHOBHI HAyKOBI Ta MPAaKTU4YHI pe3yibTaTH, MIATBEPIKEHO

JOCATHCHHSA MMOCTABJICHOI METH Ta BUKOHAHHS 3aBJaHb I[I/IcepTaHi'l'.

Po6oTta oxorumtoe 108 cropinok, MicTuTh 1 Tabiuito, Jlogatok A (mpe3eHraris),
Jlomatok B (mceBmokon) 1 55 mkepen y CnucKy BUKOPUCTAHOT JIITepaTypH.

KirouoBi cjioBa: ipujoiarHOCTHKA, KOMI'IOTEpHA JIarHOCTHKA, aHAJI3
300paxkeHb paiaykku, o0poOka 300pakeHb, MAIlIMHHE HABUaHHS, IJTMOOKE HAaBUaHHSI,
3ropTkoBi HelpoHH1 Mepexi (CNN), BUAUICHHS O3HAK, CErMeHTallisl, Kiacudikaris,

nosicatoBasibHMi 111 (XAI), pobacTHICTh, IHTEPIIPETOBAHICTb.



ABSTRACT

The urgency of the topic. In modern medicine, there is a growing need for
automated diagnostic systems that provide rapid, accurate, and accessible detection of
health disorders. The iris of the eye, as a unique biometric structure, may contain
information about the state of the organism, making it a promising object for non-
invasive diagnostics. Traditional methods of iris analysis, such as iridology, are
subjective and time-consuming, while existing automated approaches often do not
adequately account for the complexity of pathological changes, are sensitive to image
quality, and do not provide sufficient interpretability of results. The development of
computer tools and methods for the automatic analysis of iris images using modern
technologies of computer vision, machine learning, and deep learning is an urgent
scientific and practical task, which has both scientific and practical significance,
contributing to the development of non-invasive diagnostic approaches and potentially
telemedicine.

The object of research is the process of automated analysis of iris images for
health diagnostics.

The subject of research is methods and algorithms for preprocessing iris images,
segmentation, hybrid extraction of diagnostic features, classification, and interpretation
of results in computerized iridology systems.

The aim of the work: to develop and investigate an integrated multi-component
method for iris image analysis for health diagnostics, characterized by increased
accuracy, robustness to image acquisition conditions, and a high level of interpretability
of diagnostic conclusions, as well as to evaluate its potential effectiveness.

The scientific novelty consists in the following:

1. A comprehensive integrated architecture of the computerized iridology
method (IMMAD-EIR) has been developed, which synergistically combines robust
image preprocessing with quality control, ensemble deep segmentation, hybrid
extraction and fusion of heterogeneous diagnostic features, and a classification module

with the integration of eXplainable Artificial Intelligence (XAl) methods.



2. A new approach to hybrid feature extraction has been proposed, where
features automatically learned by a convolutional neural network (CNN) with attention
mechanisms are supplemented by purposefully extracted classical iridological
(topological and color) features, followed by their intelligent fusion.

3. The systematic use of an ensemble of segmentation models and methods
for assessing the uncertainty of diagnostic prognosis as integral parts of the diagnostic
pipeline to increase the reliability and validity of the results has been substantiated.

4, XAl methods (in particular, SHAP, LIME, Grad-CAM) have been adapted
for the simultaneous explanation of the contribution of both deep and explicit
iridological features to the final diagnostic conclusion, ensuring an increased level of
transparency.

5. A specialized module for input image quality control and adaptive

preprocessing, integrated into the overall diagnostic pipeline, has been developed.

The practical significance of the results obtained in the work is that:

1. The proposed IMMAD-EIR method creates a scientific and methodological
basis for the development of computer systems capable of providing more accurate and
reliable detection of signs of health disorders from the iris, which can be used in medical
institutions and potentially in telemedicine systems as an auxiliary diagnostic tool.

2. The developed approach, due to its increased robustness and
interpretability, allows for the optimization of the diagnostic process, reducing
dependence on subjective assessments and increasing confidence in automated systems.

3. The results of the work can be applied for further scientific research in the
field of computer diagnostics, training medical personnel in the latest methods of

medical image analysis, and for improving existing computerized diagnostic systems.

Approbation of the work. The main provisions and results of the research were
presented at scientific seminars of the Department of System Programming and
Specialized Computer Systems, and also submitted for publication in specialized
journals.

The structure and scope of the work. The master's thesis consists of an

introduction, five chapters, general conclusions, and a list of references.



. In the introduction, the relevance of the topic is substantiated, the aim,
objectives, object, and subject of the research are defined, and the scientific novelty and
practical significance of the work are highlighted.

. In the first chapter, the current state of the problem of computerized
iridology is analyzed, existing methods and systems are reviewed, and their advantages,
disadvantages, and directions for improvement are identified.

. In the second chapter, the theoretical foundations for constructing
computer-based tools for iridology are studied, including the anatomical and
physiological features of the iris, image processing methods, and machine learning
algorithms used in this field.

. In the third chapter, a new integrated multi-component method for iris
image analysis (IMMAD-EIR) with enhanced interpretability and robustness is
developed in detail, and its architecture and the functionality of each module are
described.

. In the fourth chapter, the methodology for experimental verification of
the proposed IMMAD-EIR method is presented, including a description of datasets,
evaluation metrics, baseline methods for comparison, and expected results.

. In the fifth chapter, aspects of the potential practical implementation of
the developed method are considered, recommendations for its introduction into clinical
practice are provided, and limitations and directions for further research are discussed.

. In the general conclusions, the results of the research are summarized, the
main scientific and practical results are formulated, and the achievement of the set goal
and completion of the thesis tasks are confirmed.

The work comprises 108 pages, includes 1 table, Appendix A (presentation),
Appendix B (pseudocode), and 55 sources in the list of references.

Keywords: iridology, computerized diagnostics, iris image analysis, image
processing, machine learning, deep learning, convolutional neural networks (CNN),
feature extraction, segmentation, classification, eXplainable Al (XAIl), robustness,
interpretability.



