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AHOTALIA

bacapa6 M.P. Amnaniz 300pakeHb CITKIBKM OKa IS JIIarHOCTHKU J1a0eTUYHOT
petuHomarii. - KBamiikariiina HaykoBa Iparisi Ha MpaBax PyKOIIHCY.

Huceprariis Ha 3700yTTsI HAyKOBOTO CTymeHs JokTopa ¢imocodii B raaysi 3HaHb 15
“ABTOoMaru3zallis Ta nNpuiago0yayBaHHs 3a creuianbHIcTIO 153 “Mikpo- Ta HaHOCHCTEMHA
TexHika”. - HarioHanpbHUI TeXHIYHUN YHiBepcuTeT YkpaiHu “KHiBChKHII MONITEXHIYHHIMA
iHcTUTYT 1IMeHi Iropst Cikopebkoro”, M. Kuis, 2025.

Juceprariiitna poboTa MPUCBSIYEHA BUPIMICHHIO HAYKOBO - MPHUKIATHOI MPOOIeMH
PO3pOOKH METOJIB Ta Mojeiel MMOOKOTO HaBYaHHS JUIS aHalli3dy IU(poBHX 300pa’keHb
CITKIBKM OKa 3 METOI [IarHOCTUKU JiabetuyHoi petunonatii (P), mo mo3Bomsie
MBULUTH TOYHICTh Kiacudikaiii cTajii po3BUTKY 3aXBOPIOBaHHS (a came: BiJICYTHICTh
NM1a0eTUYHO1 PpEeTUHONATIi, Jierka CcTajisd Jia0eTUYHOI PEeTUHOINATIi, IOMIpHA CTajis
N1a0eTUYHO1 peTUHOMAaTii, Bakka CTajisg Ala0eTH4HOi peTuHomarii Ta mporidepaTuBHA
cTagis Ala0eTMYHOl PETHHONATii) Ta MPUUHATTSA JIKapeM KIIHIYHUX PIlIeHh B Taily3i
o TaabMOJIOri].

Y nucepramiitHiii poOOTI TMpoaHATI30BaHO Cy4dacHI METOIM OOpPOOKH Ta aHali3y
udpoBux 300pakeHb CITKIBKM OKa, BKJIIOYAIOYM TPAJUINNAHI TIIXOAUM Ta TEXHOJOTI]
IMOOKOT0 HaBYaHHS, a TAKOXK ICHYIOUI NMPOTrpaMHI PIIEHHS Uil JIarHOCTHKU J11a0€TUYHOI
PETHUHOMATII.

BukoHaHO oMl iICHYIOUMX METOJIIB cerMeHTalli uppoBUX 300paKeHb, BU3HAYCHHSI
JIarHOCTUYHUX O3HAK CYIMHHUX CTPYKTYp, KJIacudikarii ctaaii 1iabeTHUHOT peTHHOMATII 3
BUKOPHCTAHHSIM METO/[IB MAITUHHOTO HABYAHHSI.

[IpoBeneHo AoCHiKEHHST 0COOIUBOCTEN aHali3zy U(PPOBUX 300pakeHb OYHOTO JTHA,
BKJTFOUat0Yn (hOpMyBaHHS HAaOOPY O3HAK, BUSBICHHS MMATOJOTIYHUX 3MIH Ta BUKOPHUCTAHHS
apXITeKTyp HEHUPOHHUX MEpeX JJsi aBTOMATH30BaHOI JIarHOCTHKW  J11a0eTUYHOI

pEeTUHONATII.
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3o0kpeMa, 3arponoOHOBAHO KOMIUIEKCHUHN MiAXiJ J0 aHaTi3y CyAWH CITKIBKH OKa, IO

BKJIFOYA€ CErMEHTAI[ll0 MEpeXl CYIHH CITKIBKA OKa, BHUSBIEHHS MIKPOAHEBPHU3M Ta

KPOBOBUWJIMBIB, a TAKOXK MOOY/IOBY MOJIeJIel Ha OCHOBI HEMPOHHUX MEpeX /s Kiacudikarii
CTaJii q1a0eTUYHOT peTUHOMNATII.

3anmponoOHOBaHO KOMIUICKCHUN METOA aHali3y CyIUHHUX CTPYKTYp IUGPOBUX
300pakeHb CITKIBKH OKa, 10 IPYHTYEThCS HA ajJropuTMax CerMeHTarlii Ta kiacudikarii 3
BUKOPHUCTAHHSIM TITMOOKHX MOJIETICH MAITMHHOTO HaBYaHHSI.

3anporoHOBaHI METOIW JIO3BOJISIOTh BHJUIMNTH TATOJOTIYHI JUISHKH, Takl sK
MIKpPOAQHEBPU3MH, KPOBOBUJIMBU Ta HEOBACKYJSpU3aLil0 Ha IU(GPOBUX 300paKeHHSIX
CITKIBKH OKa, 1110 € BOXKJIMBUMH JIJISI PAHHBOI JIIaTHOCTUKH J[1a0CTUYHOT PETHHOTIATI].

3m00yBaueM BUKOPHCTAaHO PI3HI THUIK MOJEIe MAIIMHHOTO HaBYaHHS, SKi
anpoOOBaHO Ha MYyONIYHO JOCTYMHHUX 0a3zax JaHUX PETHHOrpapiyHUX 300pa)xeHb Ta SKi
MIPOJICMOHCTPYBaIM €(PEKTUBHICTD Y 3a/1adax Kiaacudikarii 1iabeTHIHOT peTHHOIIATI.

Y nmanHii guceprtaiiiHiii poOOTI cTBOpeHO mporpamHe 3adesnedeHHs (I13) nmms
peanizauii 1H(OPMALIITHOT CUCTEMH MIATPUMKH OPUUHATTS JIAarHOCTHYHOIO PIIICHHS
JikapeM - o()TalIbMOJIOrOM Ha OCHOBI 3alPOMOHOBAHUX MiJIXOMAIB, IO 00’ €THYIOTH METOIU
(dbopMyBaHHS O3HAK [Jisi MAIIMHHOTO HAaBYAHHS 1 MOJENl HEHPOHHUX Mepex. Po3pobiene
mporpamMHe 3a0e3medeHHsT MO)Ke OyTH IHTETpOBaHE B 3aKJIaJW OXOPOHU 3II0pOB’S 1 €
THYYKMM Ta aJIallTUBHUM 3 MIPAKTUYHOI TOYKHU 30py 10 PIZHOMaHITHUX QopmariB UpPOBUX
300pakeHb CITKIBKHU OKa.

HaykoBa HOBHM3HA oOnepKaHUX  PE3yJIbTaTIB BU3HAYAETHCS  HACTYITHUMU
TEOPETUYHUMH 1 TPAKTUIHUMU PE3yIbTaTaMH, OTPUMAHHUMH aBTOPOM:

- HalyB momanpiioro po3BUTKY METOJ aHali3y HU(POBHUX 300paKeHb CITKIBKH OKa B
ONTUKO-CJICKTPOHHIN OloMeauuHId O(TaIbMOCKOIIYHIN CHUCTeM1 JJIsi BUSBIICHHS
JM1a0eTUYHO1 peTHHomarii Ta BHU3HAYEHHs 11 CTajli, W0 TPYHTYEThCS Ha
KOMOIHOBAaHOMY IIIJIXOAi, IO BKJIOYaE B ceOe IEepEeTBOPSHHS aHAII30BaHOIO
1uppoBoro 300pa’keHHsI 3a JOMOMOIOI0 3alpPONOHOBAHUX METOAIB (iibTparii i

M1JBULIEHHS KOHTPACTHOCTI 300paKE€HHs, aHaI13 CETMEHTOBAHUX CYAMHHHUX CTPYKTYP
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1 eKCy/aTiB, a TaKOXK TOPHIHE MOETHAHHS O3HAK 31 3rOPTKOBUX HEUPOHHUX MEPEXK Ta
JIOKaJIbHUX METPUK, OTPUMAHUX 3 300paKE€HHS CITKIBKM OKa IMALI€EHTA, 110 J103BOJISE
BUJIITUTH Ha NHUGPOBUX 300pKEHHSX CYAMHHY MEPEXY Ta MIKpOAHEBPU3MH,
JIarHOCTUYHO BaXKJIMB1 €KCY/IaTH Ta KPOBOBWJIMBH Ha pPaHHINM CTaJlli 3aXBOPIOBAHHSI.
3anmponoHOBaHO MaTeMaTU4YHy MOJENb JJIsl OIIHIOBAaHHS CTaHy CyIWH JHA OKa Ta
BUSIBJIICHHSI paHHIX O3HAK J1a0CTUYHOI PETHHONATII, sIKa BKJII0YAE pO3pOoOICHUI HAOIp
JIIarHOCTUYHUX TIOKAa3HUKIB (JOBXKHMHA BCIX CYAMH Ta CEPEAHs IIMPUHA CYJUH,
IIaJKICTh MEpeXi CyIuH, CEepedHs SCKPaBICTh 300pa)KCHHS ONTUYHOTO IHCKa, a
TaKOX I1’ATh TEKCTYPHUX O3HAK €KCY/IATIB 1 TUCTIEPCIO IIUPUHU CYJUH), IO T03BOJISIE
MIBUIIUTH TOYHICTH Kiacu@ikarii 300pakeHb OYHOTO JHA y HOPMi Ta 3 HASBHICTIO
MaTojorii MOPIBHSHO 31 3arajJibHONPUHHSATAMU METOJAMH, IO HE BPaXOBYIOTb
JIeTaJbHy CYIMHHY Ta TEKCTYPHY 1H(QOpMAIit0 CITKIBKH OKa.

Po3po0iieno nomaTkoBi AlarHOCTUYHI KpUTEPIi, @ caMe KOMIICKCHUN PU3UK-TIOKa3HUK
Ta TIOKa3HUK CTPYKTYpHOI HEpPETyaspHOCTI CYyOWH JJis OI[IHIOBAHHS CTaHIB
J1a0eTUYHOI peTHHonarii Ha Mexl HopMmu W matonorii. L{i kpurTepii A03BOJSAIOTH
KUIbKICHO BU3HA4YaTU CTYMiHb MPOTPECYBaHHS PETHHOMATII Ta 3aBYaCHO BUSBIATU
3MIHY CYIMHHHMX XapaKTE€PUCTHUK, BIJICYTHIX a00 Jie[lb MOMITHUX MPU TPATULIAHOMY
Bi3yaJIbHOMY aHai3l.

3anpornoHoOBaHO  TIOpUAHY  MOJETb  IIIHOOKOI  HEHpPOHHOI  Mepexi s
aBTOMaTU30BAaHOTO  PO3MI3HABaHHS  CTaald  a1a0eTMYHOi  peTHHOomaTii  3a
300paKEHHSMH OYHOTO JHA, OTPUMAHUMHU OINTHUKO-EICKTPOHHOIO O10MEINYHOIO
0(pTaTEMOCKOIIIYHOO CHUCTEMOIO, IO JO03BOJISE TMOETHATH 3alpPOIIOHOBAaHWN Habip
MOKA3HMKIB CTaHy CYIWH OYHOTO JHA Ta BUCOKOPIBHEBE MPEICTABICHHS 3 TIINOOKOI
3TOPTKOBOI HEHPOHHOT MEPEXkK1 3 METOIO BUSIBIICHHS IMATOJIOTTYHUX 3MIH, XapaKTEPHUX
JUISL PI3HUX CTaii 11a0eTUYHOI peTUHOIATIA.

Po3pobneno  iHpopMariitHO-aropuTMidHe  3a0e3MeYeHHsT  ONTHUKO-CICKTPOHHOT
O0lomMennuHOi O(TATBLMOCKOIIYHOI CHUCTEMH JUIsl aBTOMATU30BAHOTO aHalizy Ta

kiacudikamii 1MudpoBUX 300pa’keHb CITKIBKM OKa [JIsi BUSIBJICHHS J1a0€TUYHOT
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peTUHONaTii Ta BU3HAYEHHsA i1 CTaAli HA OCHOBI PO3BUHYTOIO METOAY aHaii3zy
nU(ppoBUX 300paKEHb CITKIBKH OKa 1 po3po0i1eHOoi riOpHUIHOT apXITEKTYPH HEMPOHHOI
MEpexXi, M0 J03BOJISIE MIABUIIUTH €()EKTUBHICTH OOpOOKM IUMPOBUX 300paKeHb
OYHOTO JTHA.

- Po3pobneno mporpamue 3a0e3nedeHHs I aHATI3y 300pa)XeHb OYHOTO JHA Ta
BU3HAUCHHS CTajii a1abeTMYHOI PETUHOIATIi, SKE BIIPIZHAETHCS KOMIUJICKCHUM
3aCTOCYBaHHSIM  METOHIB  00poOKkM  1udpoBux  300paxeHb  (NMOKpalEHHS
KOHTPACTHOCTI IM(POBUX 300pakeHh OYHOTO JIHA, aJalNTHBHA CErMEHTaIlis,
EKCTpakKlisl CyJMH Ta €KCY/aTiB) Ta 3alPOIOHOBAHOI rOPHUIHOT apXITEKTYPH MIHOOKOT
HEHPOHHOT Mepexi.

- JloBenmeHo 10 piBHS MPaKTUYHOI peatizailii Be0-3acTOCYHOK Ha OCHOBI pO3pOOJICHOTO
1H(}OPMALIIITHO-aITOPUTMIYHOTO  3a0€3ME€UEHHS] ONTUKO-EJIEKTPOHHOT O10MEAUYHOI
opTaTbMOCKOIIIYHOI ~ CHCTEMH, IO  3a0e3rnedye  BpaxyBaHHS  OJHOYACHO
MOP(QOJIOTIYHUX Ta TEKCTYPHUX XAPAKTEPUCTUK CYJAMHHOI MEPEXi OYHOro JHa MU
EKCYy/IaTiB.

- Po3pobneno  ememeHnTH  iHTepdeiicy  Be0-3aCTOCYHKY, IO  JIO3BOJISIOTH
(baxiBIsIM-0(dTaIBMOJIOTaM B3aEMOJIISITH 3 pe3yabpTaTaMu pobotu
1H(MOPMAIIITHO-aITOPUTMIYHOTO  3a0€3MEYCHHS] ONTHUKO-CIICKTPOHHOT O10MEIUYHOT
o(TaTbMOCKOITIYHOI CUCTEMHU, 30KpEMa Bi3yalli30BYBAaTH Ta aHAJ13yBaTU HaHECEHI Ha
uu(ppoBl  300pak€HHsT OYHOIO JIHa TEIUIOBI KapTH TIPaJlEHTHO-3BAKEHOTO
BIIOOpaKeHHST ~ aKTWBAllli KjaciB, sKI  BUAUISIOTH 0OO0NacTi  aHaJi30BaHOTO
peTuHOrpaiyHOTO 300paKEeHHsI, 10 HAWOUIbIIE BIUIMBAIOTH HA PIIICHHS MOJEII
TMOOKOTO HABYaHHS, a TaKOX OIlIHIOBAaTH CTajilo Aia0eTHYHOT pPETHHOMATII,
CIIUPAIOYMCh Ha KUIbKICHI TOKAa3HUKH (JOBKMHA W IIMpPUHA CYIOUH, €KCyIaTH,
PU3UK-TTOKA3HUK, TOIIO).

Pesynbratn muceprariiiitnoi po6OTH BUKOpPHCTaHI Ta BIpoBamkeHI B KomyHambHOMY
HekoMmepIiiHoMy mianpueMcTBi “1 Tepuropianene Menuune OO6’enHanHsa M. JIbBOBa”, a

came B BlAOKpemiieHoMYy miapo3aim «Jlikapus cBstoro Jlykw» MixHaponHoro MeauaHoro
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Hentpy «MikpoXipyprisi okay, 110 MATBEPIKYETHCS BIAMOBIIHUMHU aKTaMU Ta JOBIJIKaMH
PO BIIPOBAHKCHHSI.
KurouoBi cjioBa: qiabeTnyHa peTHHONATISA, 300pakeHHST OYHOTO JIHA, Jia0eT, CITKIBKa
OKa, KPOBOHOCHI CYJIMHM, PO3MI3HABaHHsS IMAaTOJIOTIH OKa, OQTaJIbMOCKOMIs, ONTUYHA
KOTepeHTHa ToMorpadis, OioMmeauyHa iH(GpOpMaIlis, JiarHOCTHUKA, JIarHOCTUYHI MOKa3HHUKH,
OXOpOHa 3JIOPOB’s, OloMenWuYHI 300paKEeHHS, OIOMEIWYHI TMpUIagd Ta CHUCTEMU
JlarHOCTUKHU, LudpoBa 00poOka, momepeaHs oO0poOka 300paxeHb, aHajl3 MEIUYHHUX
300pakeHb, aHalli3 MEIWYHHUX JIaHWX, MEIUYHa Bi3yasizallisd, MEIUYHl TEXHOJIOTI],
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ABSTRACT

Basarab M.R. Analysis of Retinal Images for the Diagnosis of Diabetic Retinopathy. -
A Qualification Research Paper in Manuscript Form.

Dissertation for the degree of Doctor of Philosophy in the field of knowledge 15
“Automation and Instrumentation” in specialty 153 “Micro- and Nanosystems Engineering.”
- National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute,”
Kyiv, 2025.

The dissertation is dedicated to solving the scientific and applied problem of
developing deep learning methods and models for analyzing digital retinal images to
diagnose diabetic retinopathy (DR), which allows improving the accuracy of disease stage
classification (namely: no diabetic retinopathy, mild diabetic retinopathy, moderate diabetic
retinopathy, severe diabetic retinopathy, and proliferative diabetic retinopathy) and assisting
the doctor in clinical decision-making in ophthalmology.

The dissertation analyzes modern methods for processing and analyzing digital retinal
images, including traditional approaches and deep learning technologies, as well as existing
software solutions for diagnosing diabetic retinopathy.

A review of existing methods for segmenting digital images, identifying diagnostic
features of vascular structures, and classifying diabetic retinopathy stages using machine
learning methods has been conducted.

Research has been carried out on the peculiarities of analyzing digital fundus images,

including feature extraction, identification of pathological changes, and optimization of
neural network architectures for automated diabetic retinopathy diagnosis.
In particular, a comprehensive approach to analyzing retinal vessels has been proposed,
including segmentation of the retinal vascular network, detection of microaneurysms and
hemorrhages, as well as the construction of neural network-based models for diabetic
retinopathy stage classification.

A comprehensive method for analyzing vascular structures in digital retinal images
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has been proposed, based on segmentation and classification algorithms using deep machine
learning models.

The proposed methods allow for the identification of pathological areas, such as
microaneurysms, hemorrhages, and neovascularization in digital retinal images, which are
important for the early diagnosis of diabetic retinopathy.

The evaluation of the proposed methods is based on principles of comparative
analysis of accuracy, sensitivity, and specificity of machine learning models. The applicant
has used various types of machine learning models, which have been tested on publicly
available retinal image databases and have demonstrated effectiveness in diabetic
retinopathy classification tasks.

In this dissertation, an information system (IS) has been developed for the
implementation of a diagnostic decision support system for ophthalmologists based on the
proposed approaches, which integrate feature extraction methods for machine learning and
neural network models. The developed information system can be integrated into healthcare
institutions and is flexible and adaptive from a practical perspective to various formats of
digital retinal images.

Scientific Novelty of the Obtained Results

The scientific novelty of the obtained results is determined by the following
theoretical and practical findings obtained by the author:

- The method of analyzing digital retinal images in an optoelectronic biomedical
ophthalmoscopic system for detecting diabetic retinopathy and determining its stage
has been further developed. This method is based on a combined approach that
includes transforming the analyzed digital image using the proposed filtering and
contrast enhancement methods, analyzing segmented vascular structures and
exudates, as well as a hybrid combination of features from convolutional neural
networks and local metrics obtained from the patient’s retinal image. This makes it
possible to identify the wvascular network and microaneurysms, as well as

diagnostically significant exudates and hemorrhages at an early stage of the disease in



digital images.

A mathematical model has been proposed for assessing the condition of the fundus
vasculature and detecting early signs of diabetic retinopathy, which includes a
developed set of diagnostic indicators (the total length of all vessels and the average
vessel width, the smoothness of the vascular network, the average brightness of the
optic disc image, as well as five textural features of exudates and the dispersion of
vessel width). This makes it possible to improve the accuracy of classifying fundus
images under normal conditions and with the presence of pathology compared to
commonly accepted methods that do not take into account the detailed vascular and
textural information of the retina.

Additional diagnostic criteria have been developed, namely a comprehensive risk
indicator and an indicator of structural irregularity of vessels, for assessing diabetic
retinopathy states at the boundary between normal and pathological conditions. These
criteria make it possible to quantitatively determine the degree of retinopathy
progression and to detect changes in vascular characteristics in a timely manner,
which are absent or barely noticeable during traditional visual analysis.

A hybrid deep neural network model has been proposed for automated recognition of
diabetic retinopathy stages based on fundus images obtained by the optoelectronic
biomedical ophthalmoscopic system, making it possible to combine the proposed set
of indicators of the fundus vascular condition with the high-level representation from
a deep convolutional neural network in order to detect pathological changes
characteristic of various stages of diabetic retinopathy.

Information and algorithmic support has been developed for the optoelectronic
biomedical ophthalmoscopic system to enable automated analysis and classification
of digital retinal images for detecting diabetic retinopathy and determining its stage.
This is based on the advanced method of analyzing digital retinal images and the
developed hybrid neural network architecture, which increases the efficiency of

processing digital fundus images.
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- Software has been developed for analyzing fundus images and determining the stage
of diabetic retinopathy,distinguished by the comprehensive application of digital
image processing methods (enhancing the contrast of digital fundus images, adaptive
segmentation, extraction of vessels and exudates) and the proposed hybrid
architecture of a deep neural network.

- A web application has been brought to the level of practical implementation based on
the developed information and algorithmic support of the optoelectronic biomedical
ophthalmoscopic system, which ensures simultaneous consideration of the
morphological and textural characteristics of the fundus vascular network and
exudates.

- Elements of the web application interface have been developed to allow
ophthalmology specialists to interact with the results of the information and
algorithmic support of the optoelectronic biomedical ophthalmoscopic system. In
particular, they can visualize and analyze gradient-weighted class activation heat
maps overlaid on digital fundus images, highlighting the regions of the analyzed
retinographic image that have the greatest influence on the deep learning model’s
decision, as well as assess the stage of diabetic retinopathy based on quantitative
indicators (vessel length and width, exudates, risk indicator, etc.).

Non-Profit Enterprise “First Territorial Medical Association of Lviv”, specifically in
the “St. Luke’s Hospital” division of the International Medical Center “Eye Microsurgery”,
as confirmed by relevant acts and implementation reports.

Keywords: diabetic retinopathy, fundus images, diabetes, retina, blood vessels, eye
pathology recognition, ophthalmoscopy, optical coherence tomography, biomedical
information, diagnostics, diagnostic indicators, healthcare, biomedical images, biomedical
diagnostic devices and systems, digital processing, image preprocessing, medical image
analysis, medical data analysis, medical visualization, medical technologies, image
segmentation, filtering, machine learning, artificial intelligence, neural networks, deep

learning, classification, models, classification models, ensemble methods, determination of
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disease stage, prediction, feature set, software, optoelectronic biomedical ophthalmoscopic

system.
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CIIUCOK NMYBJIIKAIINA 310BYBAYA 3A TEMOIO ITUCEPTAIIL
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1. “Advanced Edge Detection Techniques for Enhanced Diabetic Retinopathy
Diagnosis Using Machine Learning”, Basarab M.R., Ivanko, K.O., Visnyk NTUU KPI
Serita - Radiotekhnika Radioaparatobuduvannia, vol. 97, pp. 67-75, 2024.
https://doi.org/10.20535/RADAP.2024.97.67-75 (daxoBe BHUAAHHS, IHIEKCYEThCS 0a3010
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https://doi.org/10.20535/2523-4455.mea.309642  (daxoBe BugaHHs Kareropii “B”)

(3n00yBady HaJIEKWUTh TMOCTAHOBKA 3a/iavi, aHami3 JITepaTypHUX JDKEpE, aHali3 Ta
MOPIBHSHHS ICHYIOUHX T1JIX0/1B T4 METO/IIB)
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4. “Prediction of the Development of Gestational Diabetes Mellitus in Pregnant
Women Using Machine Learning Methods”, Basarab M. R., Ivanko K. O., Kulkarni
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(3no0yBauy HaJeXWUTh peaii3amis MpPOrpaMHOiI YacTUHHU, MOPIBHSUIBHUN — aHaji3

3aMpPOTIOHOBAHUX METOIB, OOTPYHTYBAHHS Ta y3arajlbHEHHS OTPUMAHUX PE3yIbTATIB)
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BCTYII

AKTyaJbHICTb TeMH. AKTYaJdbHICTh POOOTH 3yMOBJIEHA MOTPEOOI0 Yy BHUPIIICHHI

npoOiieMHr aBTOMaTH3allli AOCIIIXEHb Ta BIOCKOHAJICHHS 1H(POPMALIHHO-aITOPUTMIYHOTO
3a0€3MeUeHHsT ONTHKO-EICKTPOHHUX OlOMEeIUYHUX O(TAIBMOCKOMIIYHUX CHUCTEM IS
BUSIBJIICHHS J1a0C€TUYHOT PETUHOIATII Ta BU3HAYEHHS CTaJlii PO3BUTKY XBOPOOM HA OCHOBI
aHajizy 300paxeHb OUHOTO JTHA.

IcHyroul mMeTtoam, Taki sIK aHadi3 300pa)KeHb OYHOTO JHA JIIKapeM-0(pTaaIbMOJIOTOM,
noTpeOyIoTh 3HAYHOTO Yacy Ta pecypciB. [nnubOoke HaBuaHHS Ta CydacHI METOAU
KOMIT FOTEPHOTO 30py O3BOJISIFOTH 3a0€3MEYUTH BUCOKOTOYHE BHSBJICHHS MiabeTHIHOI
peTuHonarii Ha OCHOBI IU(GPOBUX 300pakeHb CITKIBKM Oka. OJHAK y HAyKOBii JiTeparypi
3a3HAYAETHCSA, 110 TOYHICTh TAKUX METOAIB CYTTEBO 3alekKUTh BIJ XapaKTEPUCTHUK
BUKOPHCTAaHUX 300pa’keHb, IO OOYMOBIIOE€ TOTPeOy B aJaNTUBHUX aJITOPUTMAX IS
po3Mi3HaBaHHs pi3HUX cTafdii JIP.

AHaNITUYHUN OIS aHAII3y 300pa)Ke€Hb CITKIBKM OKA, HaBEJIEHUW y AUCEPTALIHIN
po0oTi, 6azyeThcsi Ha poOOTaX BITUM3HSIHUX Ta 3apyODKHUX YYEHHX. 30Kpema, BaKJIUBHM
BHECOK Yy PO3BUTOK aHaJI3y MEIMYHUX 300pakeHb BHECIIM YKPAiHChKI BYEHI, TakKi SIK
1.0.Kosanv, M.B. Jlumosuenxo, Menvnuuenxo C.M.1a Ilaénos C. B. sixi po3po0IIsiin METOIU
00poOKH 300pakeHb CYIWHHOI Mepexi, a Takoxk A.Il. Cepeienxo, 1m0 AOCTIIKYBaB
ONTHUMI3alIl0 apXITEeKTYyp HEHUPOHHUX Mepex s odranbmornoriynux 3agad. Cepen
3aKOPJIOHHUX JIOCJIIIHUKIB BaroMuii BHECOK 3poouinu A. Krizhevsky, G. Hinton ta Y. LeCun,
SK1 pO3BMBAJIM OCHOBH IMTMOOKOTO HABYAHHS /ISl MEIUYHUX 300pakeHb, a Takox D. Silver,
110 aKIIEHTYBaB Ha BaXJIMBOCTI aJianTallii Mojesel 10 pi3HOPIAHUX JaHHX.

HesBakatoun Ha [HOCATHYTI pe3yibTaTd, BIAKPUTHUMH 3aJIMIIAIOTHCS TMUTAHHS
MIJBUIIICHHST TOYHOCTI BUSIBJICHHS TOYaTKOBUX cTaiiid [P Ta amanTamii anroputmiB 1o

pi3HHX (hopmMatiB 300paKEeHb.
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Huceprariiiina pob6ora € pe3ylbTaroM BUKOHAHUX ABTOPOM HAYKOBHUX JOCIIJKEHb
BIJIMOBIAHO 10 HAYKOBO-JOCTITHUX HAMpsIMIB KapeApu €IeKTPOHHOI 1HXKeHEPli (aKyIbTeTy
CJIEKTpOHIKM  HarioHalbHOTO  TeXHIYHOTO  yHiBepcuTeTy  Ykpainu  «KuiBchbkuid

NOJIITEXHIYHUM 1HCTUTYT iMeH1 [ropst CikopChKOroy.

Merta i 3aBIaHHA TOCJIITIKEHHSA

MeTor NOCHIPKEHHSI € MIJBHUILEHHS SKOCTI MPUNHATTSA JIarHOCTUYHUX pIIEHb B
odranpmonorii moAo AiabeTHYHOI PETUHOMNATIT Y TAIlI€HTIB Ta BU3HAYEHHS CTaJlli PO3BUTKY
XBOPOOW Ha OCHOBI PO3BUTKY METO/IIB aBTOMATHU30BAHOTO aHaJi3y 010MEIUIHUX 300pa’keHb
3aBISKM pO3pOOIl HOBHX METONIB, Mojeleld Ta 3aco0iB OmNpalioBaHHS HaOOPiB
JIarHOCTUYHUX O3HAK 300paKCHb CITKIBKM OKa B YMOBax PI3HOI SKOCTI BXIIHMX JaHUX, a
TaKOK 0OMEKEHOCTI HaBYaJIbHUX BUOIPOK Ta HE30aIaHCOBAHOCTI JAHUX B PI3HUX KJlacax.

JInst mOCSITHEHHS ITOCTaBJICHOI METH HEOOX1JHO BUKOHATH TaKl 3aBJaHHS:

- Po3Burok metony aHamizy 1udpoBux 300paxKeHb CITKIBKU OKa:

Hanatu nopanplinii po3BUTOK METOAY aHajizy LU(POBUX 300pakeHb CITKIBKM OKa B
ONTHKO-CJICKTPOHHIN  OloMenuuHid  O(TAIBMOCKOMIYHIA  CHCTeM1 JUIsi  BUSIBJICHHS
J1a0eTUYHOI PETUHOMNATIT Ta BU3HAYEHHs ii CTajli, 0 BKJIIOYAE MEPETBOPEHHS U(POBUX
300pakeHb CITKIBKM OKa 3a JOIIOMOTOI0 METOIB (DIIbTparlii Ta miABUIIICHHS KOHTPACTHOCTI,
aHaJl3 CErMEHTOBAaHUX CYJAMHHUX CTPYKTYp 1 €KCy/arTiB, a TakoX TriOpujHe 00’ eaHaHHS
O3HaK, OTPUMAHHUX 13 3TOPTKOBUX HEHPOHHUX MEPEK 1 TOKATBHIX METPHK.

- TlobynoBa maTemMaTHIHOI MOJIEJI1 OI[IHIOBAHHS CTaHy CITKH CYJIMH OYHOTO JIHA:
Po3pobutn mMaremMaTuyHy Mojeib, 10 0a3yeThcsi HAa HAOOP! JMIarHOCTHYHHUX TOKA3HUKIB
(3arasibHa JOBKMHA CYJIMH, CEPEHS IIUPUHA CYIUH, INIAJIKICTh MEPEXKI, CEPEIHS SICKPaBICTh
300pa)KeHHsI OMTHYHOIO JHCKA, I’ SITh TEKCTYPHUX O3HAK €KCYJaTiB Ta TUCIEPCIs MIUPUHU
CyAWH), Ui OI[IHIOBAHHSI CTaHy CITKA CyJWH JHA OKa Ta BHSIBJICHHS PAaHHIX O3HAK
PETHUHOMATII.

- 3anpoBaKEHHS JI0JaTKOBUX J1arHOCTUYHUX KPUTEPIiB:
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Po3poOutn HOBI KpuTepii, 30KpeMa KOMIUIEKCHUN pHU3HK-TIOKa3HUK Ta TOKa3HUK
CTPYKTYPHOI HEPETYISIPHOCTI CYIAWH, JJIsl KUIbKICHOI OI[IHKM MpPOrpecyBaHHs J11a0€TUYHOI
pETUHOMATII Ta BUSBJICHHS TOHKHX 3MIH Yy CYIMHHHX XapaKTEPUCTHKAX, 110 HE 3aBXKIU
BUSIBJISIFOTHCSL IPU TPAIULIKHOMY Bi3yaJIbHOMY aHaJi31.
- Po3pobka riOpumHOi Mozmeni TIMOOKOT HEHWPOHHOI MeEpeki HJisi aBTOMAaTH3aIlil
IarHOCTUKU:
3anponoHyBaTu TIOpUIHY apXITEKTypy INIMOOKOI HEWPOHHOI Mepexi, W0 I1HTEerpye
po3pobeHnid Ha0lp IarHOCTHYHKUX TTOKAa3HUKIB 13 BUCOKOPIBHEBUM IIPEACTABICHHSIM O3HAK
3 BUKOPHUCTAHHSIM B3TOPTKOBHUX MEPEXK, I aBTOMATH30BAaHOTO PO3Mi3HABAHHS CTaii
niabeTMyHOi  peTuHomarii  3a  300pak€HHSIMHM  OYHOTO  JHA, OTPUMAHHUMH B
ONTHKO-EJICKTPOHHIN 610MeInYHIN 0(PTaTbMOCKOIIYHIA CHCTEMI.
- Po3poOka  iH(pOpMAIIHHO-AITOPUTMIYHOTO  3a0€3MEUCHHS  ONMTUKO-EJIEKTPOHHOL
6ioMenIHOT 0(TaTEMOCKOTIIYHOI CHCTEMH:
Po3pobuTu komriekcHe iHGOpMaIiHHO-aIrOPUTMIYHOTO 3a0e31edeHHs 0()TaTbMOCKOTIIYHOT
CHUCTEMHM, IO JO3BOJISIE aBTOMATU3yBaTH aHali3 Ta Kiacudikaiiio HUPpoBUX 300pakeHb
CITKIBKH.
- Po3poOka  mporpamHe  3a0€3MEUEHHS  ONTUKO-CJIEKTPOHHOI  OloMEAMYHOL
o TaTBbMOCKOIIIYHOT CUCTEMU JIJIS IaTHOCTHKHU A1a0eTUYHOT peTUHOMATII:
CrBopuTH TporpamMHe 3a0e3MeUeHHs, SIKE BUKOPUCTOBYE KOMILJIEKC METOAIB OOpOOKH
300pakeHb (MOKpaIIEHHS KOHTPACTHOCTI, aJanTHBHA CETMEHTAIllisl, €KCTPaKIlisl CyJIUH Ta
CKCy/JaTiB) y MOEHAHHI 3 TIOpUIHOI0 HEMPOHHOIO MEPEXkKero, 10 3a0e3MeUnTh OUTBII TOUYHY

OILIIHKY CTaJliif 11a0eTUYHOI PETUHOMATII.

00’exT nocaimkenns. O0’€KTOM JTOCTIHDKEHHS € TPOIEC MOCTIKEHHS TU(POBUX
300pakeHb CITKIBKM OKa JJIsl OLIHIOBAHHS CTYIICHIO MAaTOJOTH 11a0eTHYHOI peTUHOMATIi Ha
OCHOBI BHUKOPHCTAHHSI CydacHUX I1H(OpPMaLIHUX METOMIB aHami3y, SKi J03BOJSIOTH
BU3HA4YaTH MOP(OJIOTIUHY Ta TEKCTYPHY 1H(OPMAIIIIO TIPO CITKIBKY, 1110 € BU3HAYAIBHUM JJISI

JI1arHOCTYBaHHSI.
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IIpeamer nocaimzkeHHsi. [IpenmeToM TOCHIHKEHHS € METOAW 1 MOJAEN MAlTUHHOTO

HaBYAHHS; METOAM LHU(PPOBOI 0OpOOKM OlOMEAMYHHUX 300pakeHb; 1H(OpPMAIiiHI O03HAKU
Ut 3a7a4l kimacudikaiii (BU3HAYEHHST HOPMH, HAsSBHOCTI 3aXBOPIOBaHHS Ha /1a0CTUUHY

pPETUHOINATIIO Ta/ab0 BU3HAUCHHSI CTaii PO3BUTKY XBOPOOH) Ha 300pKEHHSIX OYHOTO JIHA.

MeToay T0CJaITKEHHSA

Oco6muBocTi 00’€KTy (300pa’k€HHsI CITKIBKM OKa MpHU J1a0eTUYHIM peTuHOMAaTIi) 1
MeTa JIOCIIKEHb 00OYMOBJIIOIOTh 3aCTOCYBAHHS TaKUX TPy METO/IIB:

1. Mertonu ananmizy i o00poOku 300pakeHb: (uUIbTpalii mymy (MeaiaHHa, raycoBa
dinpTparis), MIABUIICHHS KOHTPACTHOCTI aHaNi30BaHOTO 300pa’keHHS CITKIBKH OKa
(oOMexeHe aJanTHBHE BUPIBHIOBAHHS TICTOTPAaMH, PO3TSITHEHHS TICTOTpaMH SICKPAaBOCTI
TMIKCETIB 300pakeHHSs), CeTMEHTaIlli (TOporoBa Ta aJalTUBHA CETMEHTAIlisl, CErMEHTAIlisl Ha
OCHOB1 HEMPOHHUX MEPEXK), CKCTPAKIIli CyANH Ha 300paKeHHSIX CITKIBKH OKa (CKeJIeTU3allis,
MopdoJIoTiyH1 onepartii).

2. MeTtogu MamMHHOIO Ta NIMOOKOTO HaBYaHHS: 3TOPTKOBI HEWPOHHI MeEpexi
(3anumikoBa HelpoHHa Mepexa (anrl. ResNet), mmbOoka 3ropTkoBa HEHPOHHA MepeXxa Bijl
Visual Geometry Group (anmi. VGG)), ancam6ieB1 METOIM MAIIMHHOTO HAaBYaHHS (METOJT
BumakoBoro jicy (anm. Random Forest), meron rpamientHoro Oyctunra (anmi. Gradient
Boosting)), knacudikatop Ha OCHOBI METOAY OINOPHUX BEKTOPIB 3 BUKOPUCTAHHSIM PI3HHUX
MaTeMaTHYHUX QYHKIIA sapa s TEPETBOPEHHS JaHWUX. 3acTOCYBAHHS TIONIATAE B
BUJIIJICHH] 1HQOPMATUBHUX O3HAK CITKIBKM OKa, HABYaHHI W OIIHIII MOJEJIEH MalTuHHOTO
HaBYaHHS i kjacudikamii cranii J[P 3 momanbliuM TMOPIBHSHHSM Ta BHU3HAYCHHSIM
HaWKpanmx METO/IIB MAIIIMHHOTO HABYAHHS JIJIsI BUPIIIICHHS TOCTABJICHO 3a1a4i.

3. Mertonu 00poOKM ¥ ayrMeHTaiii JaHWuX: IITy4YHE 30UIbIIEHHS KIUIBKOCTI
NPUKJIAAIB y Kiacax (IepeTBOPEHHs Ta 301IbIIEHHS KUTBKOCTI 300pa’KeHb ).

4. MeTpuky OIIIHIOBaHHS SIKOCTI Kiacuikailii: MOBHOTa, TOYHICTh, Fl-mipa Ta
mioma mia kpuBuMu ROC-AUC, PR-AUC; anami3 BaxiauBOCTI 03HaK (aHmi. Permutation

Importance).
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Po3poOka Ta posropraHHsi Be0-3aCTOCYHKY: BHUKOPUCTAHHS IPOrPAMHOI

mwatrdopmu Flask nnsa peanizamii cepsepnoi yactuau, HTML/CSS/Javascript nis noOynosu

1HTEpdeiicy, aBTOMaTH4YHE epeiMeHyBaHHs (aililiB 1 30epekeHHs 300pakeHb Ha cepBepi.

HaykoBa HOBU3HA.

HaYKOBa HOBHU3HA OJCPIKAHUX pe3YJ'II>TaTiB BHU3HAYA€CTBCA TAKUMHU TCOPCTUYHUMU 1

IMPaKTUYHUMHU pE3YyJibTaTaMH, OTPUMAHUMHU aBTOPOM:

HalyB momansIoro po3BUTKY METOH aHalizy IUGPOBUX 300pakeHb CITKIBKUA OKa B
ONTHUKO-CJICKTPOHHIN OloMeauyHId O(TaTbMOCKOIMIYHIN CUCTeM1 MJisi BUSBIICHHS
Mia0eTHYHOI peTWHOmaTii Ta BU3HAYEHHS 1i CTajii, WO TPYHTYEThCS Ha
KOMOIHOBAaHOMY TIJIXOAl, IO BKJIOYaE B ceO€ TMEePEeTBOPEHHsS aHAII30BaHOIO
uu(poBOro 300pa’keHHsI 3a JOMOMOIOI0 3aMpPONOHOBAHUX METOAIB (iiabTparii i
M1BUIIEHHS KOHTPACTHOCTI 300payKeHHS, aHAI13 CETMEHTOBAHUX CYIMHHHUX CTPYKTYP
1 eKCy/aTiB, a TaKOX TOPHIHE MOETHAHHS O3HAK 31 3rOPTKOBUX HEUPOHHUX MEPEXK Ta
JIOKaJIbHUX METPUK, OTPUMAHUX 3 300paKE€HHS CITKIBKM OKa IMALI€EHTA, 110 J103BOJISE
BUJIITUTH Ha NHUGPOBUX 300paKEHHSX CYAMHHY MEPEXY Ta MIKpOAHEBPU3MH,
JIarHOCTUYHO BaKJIMB1 €KCY/IaTH Ta KPOBOBWJIMBH Ha paHHINM CTaJlli 3aXBOPIOBAHHSI.
3anmponoHOBaHO MaTeMaTUYHy MOJENb JJIS OIIHIOBAaHHS CTaHy CyIWH JHA OKa Ta
BUSIBJICHHS PaHHIX O3HaK J1a0C€TUYHOT PETUHOIIATII, SIKa BKJIIOUa€ po3poOIeHuil Halip
JIIarHOCTUYHUX TIOKAa3HUKIB (JOBXKHMHA BCIX CYAMH Ta CEpPEeAHs UIMpPUHA CYIUH,
[IaIKICTh MEpEeXi CyIuH, CEepedHs SCKPaBICTh 300paX€HHS ONTUYHOTO IUCKA, a
TaKOX 11’SITh TEKCTYPHHUX O3HAK €KCYJIATIiB 1 JUCTICPCIIO IIMPUHU CYIHH ), IO JT03BOJISIE
MIBULIUTH TOYHICTH Kiacu(ikarlii 300pakeHb OYHOTO JHA y HOPMi Ta 3 HASBHICTIO
MaTojorii TMOPIBHSHO 31 3araJibHONPUHHSATAMU METOJAMH, IO HE BPaXOBYIOTb
JIeTaJbHy CYIMHHY Ta TEKCTYPHY 1H(QOpMAIiI0 CITKIBKH OKa.

Po3po6ieno nomaTkoBi AlarHOCTUYHI KPpUTEPIi, @ caMe KOMITJIEKCHUN PU3UK-TIOKa3HUK
Ta TIOKa3HUK CTPYKTYpHOI HEpPEryaspHOCTI CyOWH /I OI[IHIOBAHHS CTaHIB

J1a0eTUYHOI peTHHonarii Ha Mexl HopMmu W matonorii. L{i kpurtepii A03BOJSAIOTH
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KUIBKICHO BU3HA4YaTHU CTYMiHb NPOTPECYBaHHS PETUHONATII Ta 3aBYaCHO BUSBIATU
3MIHY CYIMHHHMX XapaKT€PUCTHUK, BIJCYTHIX a00 Jie[lb MOMITHUX HPU TPATULIAHOMY
Bi3yaJbHOMY aHaJi3i.
3anpornoHOBaHO  TIOpUAHY  MOJETb  IJIHOOKOI  HEHpPOHHOI  Mepexi s
aBTOMATHU30BAaHOTO  PO3Mi3HABaHHS  CTajid  miabeTWyHOi  peTWHOomaTii  3a
300paKEHHSMH OYHOTO JHA, OTPUMAHUMHU OINTHUKO-EJIEKTPOHHOIO O10MEANYHOIO
0(pTaTEMOCKOIIIYHOIO CHUCTEMOIO, IO JO03BOJISE TMOETHATH 3alPOIIOHOBAHUN Habip
MOKA3HMKIB CTaHy CYJIWH OYHOTO JHA Ta BUCOKOPIBHEBE MPEICTABICHHS 3 MINOOKOI
3TOPTKOBOI HEHPOHHOI MEpEeXki 3 METOI0 BUSBICHHS MATOJOTIYHUX 3MiH, XapaKTEPHUX

JUIS PI3HUX CTaii 11a0eTHYHOT peTUHOMATII.

HQaKTH‘IHe SHAYECHHA OTPUMAHUX pe3!JII)TaTiB

Po3pobneno  iHpopMarmiiiHO-aropuTMidHe  3a0e3MeUYeHHsT  ONTHUKO-CICKTPOHHOT
O0lomMennuHOi O0(TaTBLMOCKOIIYHOI CHUCTEMH JUIsl aBTOMATU30BAHOTO aHali3zy Ta
kiacudikamii MudpoBUX 300pa’keHb CITKIBKM OKa [JIsi BUSIBJICHHS J1a0€TUYHOT
peTuHoOMarii Ta BU3HAYEHHS 1i CTaAll Ha OCHOBI PO3BHUHYTOTO METONYy aHai3y
U (ppoBUX 300pakeHb CITKIBKU OKa 1 po3po0i1eHoi riOpHIHOT apXITEKTYPH HEUPOHHOI
MEpexXi, M0 J03BOJSE MIABUIIATH €()EKTUBHICTH 0OpOOKH IU(POBUX 300paKeHb
OYHOTO JTHA.

Po3pobneno mporpamHe 3a0e3neueHHsl JJis aHallizy 300pakeHb OYHOIO JHA Ta
BU3HAUEHHS CTajli J1a0eTHYHOI PETHHONATIi, SKE€ BIJPI3HIETHCS KOMIUIEKCHUM
3aCTOCYBaHHSIM  METOMIB  00poOkM  1udpoBux  300paxeHb  (IOKpalleHHS
KOHTPACTHOCTI IU(POBUX 300pakeHb OYHOTO JIHA, aJallTUBHA CETMEHTAIIis,
EKCTpAaKIis CyAUH Ta €KCY/IaTiB) Ta 3alpOoIOHOBAHOI MOPUAHOT apXITEKTYpH ITHOOKOT
HEHPOHHOI MEPEXi.

JloBeneHo 110 piBHSI MPaKTUYHOI peani3allii Be0-3aCTOCYHOK Ha OCHOBI PO3pOOJIEHOTO
1H(OpMaIIfTHO-aITOPUTMIYHOTO 3a0€3MEeUEHHS ONTHKO-CJIEKTPOHHOI 010METUYHOT

oprasbMOCKOIYHOI ~ cHCTeMH, 10  3a0e3ledye  BpaxyBaHHS  OJHOYACHO
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MOP(QOJIOTIYHUX Ta TEKCTYPHUX XaAPAKTEPUCTUK CYJAMHHOI MEPEXi OYHOro JHa MU
EKCYy/IaTiB.

- Po3pobneno  ememenTu  iHTepdeiicy  Be0-3aCTOCYHKY, IO  JIO3BOJISIOTH
(baxiBIsIM-0dTaIBMOJIOTaM B3aEMOJIISITH 3 pe3yapTaTamMu pobotu
1H(MOPMAIIITHO-aTOPUTMIYHOTO  3a0€3MEYCHHS] ONTHUKO-CJIICKTPOHHOT O10MEIUIHOT
o TaTbMOCKOITIYHOI CUCTEMHU, 30KpEMa Bi3yalli30BYBAaTH Ta aHaAJi3yBaTh HAaHECEHI Ha
nu(ppoBl  300pakeHHsT OYHOIO JIHa TEIUIOBI KapTH TIPaJl€HTHO-3BAKEHOTO
BIIOOpakeHHST ~ aKTWBallli  KjaciB, sKI  BHUAUISIOTH 0O0NacTi  aHaJi30BaHOTO
peTuHOrpadiyHOTO 300paKEHHsI, 10 HAMOUIbIIE BIUIMBAIOTH HA PIIICHHS MOJENI
MOOKOTO HABYaHHA, a TaKOXK OLIHIOBATH CTail0 J11a0eTHYHOI PETHHOMATII,
CIIUPAIOUMCh Ha KUIbKICHI TOKAa3HUKHU (JIOBKMHA W IIMpUHA CYIOUH, €KCyJaTH,

PHU3UK-TIOKA3HUK, TOIIO).

OcoducTHii BHECOK 3/100yBa4Ya.

VYci TeopeTuyH1 Ta NPaKTUYHI pe3yJIbTaTH JUCepTaliiHOl poOOTH, IKI BHHOCSTHCS Ha
3aXUCT, OTpuUMaHi 3700yBayeM OCOOMCTO. Y JPYKOBAaHMX TpaIsiX, HAMUCAHUX Y
CIIBaBTOPCTBI, 37100yBau€Bl HAJIEKATh:

° Y crarti “Advanced Edge Detection Techniques for Enhanced Diabetic
Retinopathy Diagnosis Using Machine Learning” TpOBENEHO aHAaJI3 ICHYIOYMX METOJIB
BUSIBJIICHHSI KpaiB JUIsi 300pa’keHb OYHOTO JHA. 3/100yBau 3alporOHYyBaB Ta peasi3yBaB
YIOCKOHAJICHUW aJTOPUTM BHSIBJICHHS KpaiB, CHOPSIMOBAaHWNA Ha TMIiABUIICHHS TOYHOCTI
JIarHOCTUKK J1a0eTHYHO1 peTHHomarii. 3100yBady BHKOHAB MOJEIIOBAHHS Ta OIIHKY
e(heKTUBHOCTI 3aIIPOIIOHOBAHOTO IT1/IXO/Y.

° VY crarti “Deep Learning for the Detection and Classification of Diabetic
Retinopathy Stages” 3100yBau MPOBIB OIVISA ICHYIOUMX MoJesiel IITHOOKOTO HaBYaHHS, 110
3aCTOCOBYIOTBCS JUISl JIarHOCTUKH 11a0€THYHOT pETUHOTIATI.

° VY crarTi “Investigation of Fundus Images for Detection of Diabetic Retinopathy

Stage Using Deep Learning” 3700yBau mpoaHai3yBaB BIUIUB MONEPEAHBOI OOpOOKH
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300pakeHb Ha pe3yiabTaTu Kiacudikaiii. 3100yBad po3poOHMB METOIUKY MOMEPEIHbOT
00poOKH 300paskeHb 0YHOro AHa. Takoxk 3/100yBau peasi3yBaB MPOrpamMHi IHCTPYMEHTH IS
MIATOTOBKHA JAHUX JJIST HAaBYAHHS MOJEJ NIHOOKOTO HaBYaHHS, 3I1MCHUB CTAaTHCTHYHHUU
aHai3 OTPUMAaHUX PE3YJbTaTIB.

° VY crarti “Prediction of the Development of Gestational Diabetes Mellitus in
Pregnant Women Using Machine Learning Methods” 3m00yBa4 MpOBiB aHATI3 MEIUIHUX
JIAHUX, 0 BIIMBAIOTh HA PO3BUTOK IeCTAIliHHOTO J11a0eTy y BariTHUX KIHOK Ta pO3pOOUB
MiIX1A I TPOTHO3YBAaHHS PU3HWKY PO3BUTKY IIHOTO 3aXBOPIOBAHHSI, KW 0a3yeThcs Ha

MCTOAAX MAIlIMHHOI'O HaBYaHH:I.

Anpo0auisi pe3yJbTaTiB AUcepPTAallii.

OCHOBHI TIOJIOXKEHHS JUCEpTaIlli po3mIsAaINCsS 1 00roBOPrOBANIMCS Ha 3aciaHHSIX
Kadeapu eNeKTPOHHOI 1HXKeHepii ¢akynbTeTy eNeKTpoHiku HarioHaabHOTO TEXHIYHOIO
yHiBepcuTeTy Ykpainu «KuiBcbkuil momiTeXHIYHUN 1HCTUTYT iMeHi Irops CikopchKoro» Ta
Ha 2 HaykoBo-ipakTuuHux KoHbepenuisx: XVII Mixnapogna Haykosa-Ilpakruuna
koH(pepeHiis “Iadopmaniiini TexHonorii 1 aBromaruzamis” - Opeca, 31 xoBTHS - 1
auctonana, 2024; ta 2022 IEEE 41st International Conference on Electronics and

Nanotechnology (ELNANO), Kuis 2022.

Ilyoaikamii. 3a pesynbraTamMy AUCEPTAIIMHOTO JOCTIIKEHHS OIyOJIIKOBaHO 6
HAayKOBUX MIpallb, B TOMY uucii: 4 cTarTi y (paxoBuX BUAAHHAX (3 HHUX JIBl y HAyKOBHUX
KypHajax, 1o 1HJIEKCYIOThCS B HaykoMmeTpuuHid 0a3i manux Web of Science ta Google
Scholar, 2 mnyOmikamii y 30ipHuKax warepiaidiB MibkHapoanux (1 myOmikaris, 110
1HAEKCYEeThCsl B HayKoMeTpuuHil 0a3i ganumx Web of Science) Ta Bceykpaincbkux (1 te3u

JTOTIOB1/T1) HAYKOBO-TIPAaKTUYHUX KOH(EPEHITiil.
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CTpVyKTYpPA TA 00CAT AUCEPTAIlil.

Juceprariiiina poOoTa CKIaJaeTbes 31 BCTYIY, NEPENIKy YMOBHHUX MMO3HAYE€Hb, I SITH
OCHOBHHUX pO3/UIIB, BUCHOBKIB, CIHCKYy BHUKOPHCTaHHMX JDKepen 1 jgoxarkiB. PoOora
BUKiIaseHa Ha 170 cropiHkax 1 MIiCTUTh 143 CTOpiHKM OCHOBHOI 4acTHHH, 48 PHUCYHKIB, 3
Ta0JINIl, CIUCOK BUKOpUCTAHUX Jkepen 13 181 walimenyBanHs Ha 18 cropinkax Ta 2

JOOAaTKH.
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PO3I1J 1 METOJOJOTITYHUM AHAJII3 ITPOBJIEMH JIATHOCTUKH
JTIABETHYHOI PETUHOIIATII 3 BUKOPUCTAHHSIM INIMBOKOI'O
HABYAHHS JUIA NIITPUMKHU IPUMHATTS JIATHOCTUYHUX PIIIEHD B
OPTAJIBMOJIOTII

1.1 liabeTyHAa PeTUHOMNATIsI TA MPUYMHHU 1i BUHUKHEHHS

Jiabernuna perunonaris (AP) € ogHuM 13 HaWNOUMIMPEHIIIHUX MIKPOCYIAMHHUX
YCKJIaJIHCHb ITYKPOBOTO Jia0eTy, SKe Bpa)kae o4l Ta MOXKE IMPU3BECTH JO HE3BOPOTHOI
BTpaTd 30py. BoHa BHWHMKAa€ BHACTIJOK MOIIKO/DKCHHS APIOHUX KPOBOHOCHUX CYIWH Yy
CITKIBIII OKa, CBITJIOYYTJIMBOMY IlIapl TKaHWHU Ha 3aJHIA CTIHII OKa, IO BIAMOBiAa€ 3a
MEPETBOPEHHS CBITJIOBUX CUTHAJIIB y HEPBOBI IMITYIBCH ISl MOAANBINOT IEpeiadl 10 MO3KY.
[TopyiieHHsT MIKpOUMPKYJIAIIi KPOBI B CITKIBIIl OKa MpH iabeTi MOB'S3aHE 3 TPHUBAIUM
MBUIIIEHHSM PIBHS TJIFOKO3HW B KPOBI, IO MPU3BOAUTH JO CTPYKTYPHHX 1 (GYHKITIOHATHHHIX
3MiH CYyAMHHOI CTIHKH.

JIP € onHi€r0 3 MPOBIAHUX MPUYUH CIIIOTH CEPENl JOPOCIOrO HACEIEHHS Y BCbOMY
CBITI, 0COONMBO cepen ocid mpaie3garHoro BiKy. 3a gaHuMU BcecBiTHROI opraHizariii
OXOPOHHU 370pOB's, 6JU3bK0 35% MallieHTiB 3 A11a0eTOM MarOTh 03HaKU peTuHonarii, ay 10%
PO3BUBAIOTHCS BaxKi (OpMH, 110 3arpoXKyroTh BTpatoro 3o0py [1]. Lle cTaHoBuTh 3HauHy
npoOsieMy JJisi TPOMAJICHKOTO 3/I0POB'sSl Ta MIAKPECIIOE BAKIUBICTh €()EKTUBHOTO KOHTPOIIIO
niadery.

CitkiBka oka moTpeOye TOCTIHHOTO Ta aJeKBaTHOTO KPOBOIIOCTAYaHHS IS
3a0e3MeueHHs] 3HaYHUX METa0oJIYHUX TnoTped (oTopeuentopiB Ta iHMMX KIITUH. [Ipu
niabeTi, XpOHIYHA TIMEepPrIiKeMisl MPU3BOIUTH 10 MOPYIIEHHS METa00Ii3My €HAOTeNalbHUX
KIITAH CYAWH, IO CHPUYUHSAE I1XHE TOMIKO/HKeHHS. MexaHi3MU 1bOro BKIIIOYAIOTh
IJIIKO3WIIIOBaHHS OUIKIB CyOMHHOI CTIHKHM, OKCHJIQTUBHUW CTpPEC, aKTUBALIIO IOJI0JI0BOTO
NUISXY Ta MOPYIIEHHS peryisiii ¢hakropa pocty eHpotenito cyaud [2]. Ile mpuzBoauTh 110
M1JIBUIIICHHS POHUKHOCTI CY/IMH, iXHbOI JIJAMKOCTI Ta CXHUJIBHOCTI JIO0 3aKyHOPKHU (OKJIFO311).

3romoM ApiOHI CYIMHU CITKIBKM MOXYTh II€PEKpUBATUCA dYepe3 MIKpOTpomMOO3H,
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MIPOCOYYBATUCS TUJIa3MOI0 KpOBI a00 HaBITh PO3PHUBATHUCS, IO CHPUYMHAE HAOpSAKU Ta
BHYTPIIIHBO CITKIBKOBI KPOBOBWUJIMBU. Y BIJNOBIJb HAa TINOKCIKO TKAaHWUH CITKIBKH
BiJI0yBa€eThCA CeKpellis (akTopa poCTy €HIOTENII0 CyJUH, [0 CTUMYJIIOE€ YTBOPEHHS HOBUX,
ajyie HecTaOLIbHUX CYIAMH - HeOBacKyisipu3alito. L{1 HOBOyTBOpeHi CylMHU MatoTh Je(PeKTHY
CTIHKY, IO TPU3BOAUTH 0 TMOMAJBIINX KPOBOBWJIMBIB 1 HAOpSAKIB, a TaKOXK MOXKE
crpuuuHATA (HIOpO3HI 3MIHM Ta BifIIapyBaHHS CITKiBKM. Ha paHHIX cTamisx aiabeTHaHOl
pEeTUHOMNATIi CUMOTOMHU 3a3BUYall BIJACYTHI, IIO0 POOUTH peryiasipHe O(TaTbMOJIOITYHE
00CTE)XEHHS HAI3BUYAMHO Ba)XXJIMBUM IS IalicHTIB 3 aiaberoMm. bararo marieHTiB He
MiJO3PIOI0Th PO HASABHICTh PETUHONATI, MOKM 3MIHM HE CTaHyTh HE3BOPOTHUMHU.
CrapgapTd MEIUYHOI MPAKTHUKH PEKOMEHIYIOTh MPOBOAUTH IOPiIuHI O(TaIbMOJIOTIUHI
OIJISIIN JJI1 CBOEYACHOTO BUSIBICHHS nepinux o3Hak JIP [3].

[Tpu porpecyBaHHI 3aXBOPIOBAHHS MOXYTb 3'SBUTHCS TaKi CUMIITOMH, SIK PO3MHTHN
a00 3MiHEHUH 3ip, TPYAHOII 3 YUTAHHSAM a00 pO3Mi3HABaHHAM 001HY, TUIaBatodil mismMu. Ha
OUTHII TI3HIX CTAMISIX MOXJIMBE PI3KEe MOTIpIICHHS 30py a00 MOBHA CIINOTAa, 3yMOBJICHA
MAaCHMBHHMH KPOBOBHJIMBAMH Y CKJIOMNOAIOHE TUIO a00 TPaKUIMHUM BiAIIAPYBAHHIM CITKIBKU
(Puc.1). Ili 3MiHM CyTTE€BO 3HUXKYIOTh SIKICTb >KUTTS TAIlIEHTIB Ta 1XHIO 3JATHICTH /0

CaMOCTIHHOTO (PYHKI[IOHYBaHHS.

KposoBunmeun

AHOManbHWIA picT
KPOBOHOCHWX CYAWH

AHeBpPU3MHK

Exkcynatu Mnamm

Puc 1. O3naku [[iaGeTnanoi peTuHOMaTii [4]
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PanHs niarHOCTHKA Ta KOHTPOJIb PIBHS IJIIOKO3U B KPOBI € KIFOYOBUMH (haKTOpamH,
[0 MOXYTh MOTIEPEIUTH PO3BUTOK BAXKKUX YCKIaTHEHb. JlOBEeIeHO, IO MATPUMAHHS PiBHSI
rIiko3mwiboBaHoro remorno6iHy (HbAlc) Ha piBHI Hux4ue 7% 3HAUHO 3HMKYE PHU3UK
nporpecyBaHHs peruHomnarii. KpiMm Toro, KOHTpoib apTepiajJbHOrO THUCKY Ta JIIiJHOTO
po( IO TaKOXK MO3UTUBHO BIUIMBAE HA CTAH CYJUH CITKIBKH [5].

JiabeTruHa peTUHOMATISI MPOSBISETHCS MMOCTYNOBO, 0€3 3HAYHUX CUMIITOMIB Ha
paHHIX cTajaisX, IO poOuTh ii 0cobauBO HeOesneuHorwo. Ili3HS JlarHOCTHKA YCKIIAIHIOE
JKyBaHHS, OCKUIBKH CTPYKTYPHI 3MIHU B CITKIBI[l MOXYTh OyTH He3BOpOTHUMHU. CydacHi
METOAM JIarHOCTHUKH, Takl SK ONTHYHA KOrepeHTHa Tomorpadis Ta QiyopeciieHTHa
anriorpadis, JO3BOJSIOTH BUSBUTH MIHIMaJIbHI 3MIHU B CTPYKTYpl CITKIBKH Ta CYIWHHOI
MEpexKi.

3arajioM, pAia0eTUYHA PETUHOMATISI € CKJIAJHUM 3aXBOPIOBAHHSIM, IO MOTpedye
MYJABTHAUCIUIUIIHAPHOTO MIAXOAY B JiKyBaHHI Ta mpoduimaktumi. CmiBopams Mix
€HJOKpUHOJNIOTaMH, O(QTalbMOJIOTaMU Ta I1HIIMMHU CHELIalicTaMu JI03BOJISIE€ JIOCSTTH
Kpalux pe3yJbTariB y 30epeXeHH] 30py NallleHTiB 3 ai1adetom [6].

JliabeTruHa peTUHOMATISl KIACU(IKYEThCS 3a CTYNEHEM TSDKKOCTI Ta XapaKTepoM
YPaKEHHS CITKIBKH, BUAUISAIOUM I'ITh OCHOBHUX THUMIB a00 cTajiil po3BuTKy (Puc. 2).

1. [lepmmii TUM - 3MO0pPOBE OKO, KOJHM CITKIBKAa Ta ii KPOBOHOCHI CYIWHU HE MAlOTh
KOJTHUX TIATOJIOTTYHHUX 3MiH, MOB'sI3aHUX 13 Ja1a0eToM. ITamieHT MOXe He BiIUyBaTH >KOTHHUX
cuMITOMIB 200 03HaK JIP, mpoTe pu3MK ii pO3BUTKY 3pOCTa€ 3 TPUBAIICTIO 3aXBOPIOBAHHS
Ha niadeT. PerynspHi odTanbMoNOriyHl 00CTEKEHHS € KPUTHYHO BAXIIMBUMU JJI1 PAHHBOTO
BUSIBJICHHSI MOYKJIUBUX 3MiH.

2. Jpyru#i TtHn - HempodideparuBHa niabetnyHa pertuHomaris (HIP), sxa e
MOYaTkoBOIO0 cTamicro JIP 1 XapakTepu3yeTbCs MIKPOCYAMHHUMM 3MIHaMH B CITKIBIII.
OcnoBHi o3Haku HJIP BKI109ar0Th:

e MikpoaHeBpU3MHU - HEBEIMKI Jedopmariii CTIHOK KaluispiB, L0 € MEpIIUMHU

KIIHIYHUMA o3Hakamu JIP, BUHHMKaIOTh 4Yepe3 ClIaOKiCTh CTIHOK CYJAHWH BHACIiIOK

rinepriikemii.
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e KpOBOBWIMBH - HEBEJIMKI TOYKOBI UM TUISIMOTIOAIOHI KPOBOBUJIMBH B CITKIBKY.
e Teepai ekcynaTu - >KOBTYBATi BIJIKJIQJIEHHS JIIIIB Ta OUIKIB, 1[0 BUHUKAIOTH Yepe3

MPOCOYYBAHHS IJIa3MH KPOBI 3 YIIKOJKEHUX CYJUH.

e HaOpsK CITKIBKU - HAKOIIMYEHHS PIIMHUA B TKAHUHAX CITKIBKUA BHACIOK M1BUIIIEHOT

MPOHUKHOCTI CYJIUH.

Ha miit crazii 3ip marfieHTa 3a3BU4Yail HE MOPYIICHUH a00 3MIHM € MIHIMaJIbHUMH,
npote Oe3 BIJAMOBIAHOTO KOHTPOIIO Jia0eTy Ta CHOCTEPEXKEHHS 3a MaIllEHTOM, XBOpoOa
MOJKE€ TTPOTPECYBATH.

3. Tperiit Tum - npenposidgeparuBHa a1ad0eTUYHA PETUHOIATIA, KA € TPOMDKHOIO MK
HernpoipepaTuBHOIO Ta mpoiidepaTUBHOI (GopMamMu. XapaKTepU3yeEThCsl IMOCHICHHSIM
imemii CITKIBKM Ta 30LIBIICHHSM BaCKyJSPHUX aHOMaliid. BHUHUKArOTh BEHO3HI 3MIHU:
PO3IIMPEHHS, 3BUBUCTICTh Ta HEPIBHOMIPHICTh KamiOpy BeH CITKIBKH, IO CBIAYUTH MPO
MOPYILIEHHS KPOBOTOKY. 3'IBJSIOTHCS IHTpPapeTUHANbHI MIKPOBACKYISApPHI aHOMaii -
HETMPaBWIbHI CYJIMHHI YTBOPEHHS, SKI BHHHUKAIOTh, SIK IIYHTH MDK apTepiojlaMH Ta
BEHYJIaMU, OOXOMSIYM Kamiispd, II0 € O3HAKOK 3HAYHOI 1memMii. 3rycTKH - OuTl, M'AKi
JUISTHKYA Ha CITKIBII, 110 € Pe3yIbTaTOM MIKPOiH(apKTIB HEPBOBUX BOJIOKOH Yepe3 OKIIIO31I0
KanuisipiB. 30UIBIIYEThCS KUIBKICTh KPOBOBWJIMBIB Ta €KCYJaTiB, SKI CTAalOTh OUIBII
MOIIMPEHUMU Ta OUTBIIUMHU 33 PO3MIPOM.

Ha miii cranmii pusmk mnepexomy A0 mpoiidepaTuBHOI cTajli 3HAYHO 3POCTAE, 1
MAaLIEHTH MOTPEOYIOTh IHTEHCUBHOTO CITIOCTEPEIKEHHS Ta, MOXKJIUBO, TTOYATKY JIIKYBaHHS JJIS
3armo0iraHHs MPOTPECYBaHHIO.

4. Yereptuil Tumn - mpodideparuBHa niadbernuna peruHonaris (IIJIP) - maiGiabIn
cepiiodHa cranmis [IP, 3a skoi BiOyBaeTbCs HEOBACKYJSIpU3allisl - YTBOPEHHS HOBHX,
MaTOJIOTTYHUX KPOBOHOCHMX CYAHMH Y CITKIBIII Ta Ha IMOBEPXHI 30poBOro Hepsa. Li cynunu €
KPUXKHUMH Ta JIETKO TOIIKOKYIOThCS, 10 TPU3BOINUTH JI0 CEPUO3HHUX YCKJIaTHCHD.

KpoBoBuinBY y CKIOMOAIOHE TUIO BUHUKAIOTH, KOJU KPOB 3 HEOBACKYISIPU30BAHUX
CYIUH TIOTpAIuisie y CKJIONOAIOHE TLIO, BUKJIMKAIOYU PAITOBE Ta 3HAYHE 3HUKEHHS 30DY,

1HO/Il TOBHY CIIIIIOTY.
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Po3pi3HAI0OTh HACTYIIHI BUJIU YCKIIAAHEHb:

e ®di0Opo3HI npomidepalii: pa3oM 3 HOBUMH cyauHaMu (popmyeThes (HiOpo3HA TKaHUHA,
sKa MOXK€ BUKJIMKATU TPAKL1MHE HAIPYKEHHS (MEXaHIYHUM TUCK) Ha CITKIBKY.

e TpakmiitHe BiAmapyBaHHS CITKiBKA: (iOpo3Ha TKaHWHA BIATATYE CITKIBKY BiJl
MITMEHTHOTO €MITEeN110, 0 MPU3BOIUTH J0 BiJIIAPYBaHHS Ta 3HAYHOI BTPATH 30DY.

e HeoBackynsipHa riiaykoma: HOB1 CyIMHU MOXKYTh POCTH B palTy>K1li Ta KyTl IEPEeIHbOI
KaMepu OKa, OJIOKYIOUM BIATIK BHYTPIIIHBOOYHOI pIAWHHU, 110 MIJBUIILYE
BHYTPIITHHOOYHHUI TUCK Ta TMOIITKOKY€E 30POBHIT HEPB.

[1/IP BuMarae HeraifHOrO Ta arpeCHMBHOIO JIIKYBaHHs, 3a3BHUYail 3 BUKOPHUCTAHHSIM
nazepHoi (porokoarysniii, iH'ekiiil npenapariB BiJ (akTopa POCTy EHIOTENI0 CyauH abo
XIpypriyHOTO BTpy4YaHHs (BITPEKTOMIT).

5. [I'atuii Tun - giabeTudHa Makysomnaris, ocodausa ¢popma /P, 1o Moxxe BUHUKATH
Ha Oyab-sKiil cTafil 3aXBOPIOBaHHSA. XapaKTEPU3YETHCS YPAXKCHHIM MaKYJIH - [IEHTPaTbHOT
30HHU CITKIBKH, BIATIOBIAIBHOI 32 [ICHTPpaIbHUMN 31p.

Ho dopm niabeTuuHOi MaKkysIonarii HajaeXarh:

o MakynsapHuili HaOpsSK - HAKONMWYEHHS PIAMHU B MaKyll Yepe3 MIABUIICHY
MPOHUKHICTh CY/HH, [0 MPU3BOIUTH JIO ii HAOPSIKY Ta MOTOBIICHHS;

e [meMiuyHy MakylIOmarTiio - BTpaTy KamusipiB y Makyll, 0 CHOPHUYMUHSE HEAOCTATHE
KpPOBOMOCTAaYaHHs Ta T1MOKCII0 TKAaHUH;

e KoMOiHOBaHy QopMy - O€IHAHHS HAOPSAKY Ta 1IeMil MaKyJu.

Jlo cuMnToMiB 1a0eTUYHOT MaKyJIoNarii HaJIeKaTh:

® 3HIDKEHHS TOCTPOTH 30Dy, PO3MHUTICTh IIEHTPAILHOTO 30PY, IO YCKIIAIHIOE YATAHHS
Ta BUKOHAHHS JpiOHOI poOoTH;

e Meramopdoricii - CIOTBOPEHHS MPSIMUX JIiHIN a00 GopM 00'€KTIB;

e Mikporicii abo Makpomcii - BITYYTTS, MO0 O0'€KTH BUIVISAIAIOTH MEHIIUMH a0o
OUIBIIMMHU, HI’)K BOHU € HACTIPAB/I].

JliabeTruHa MaKysomaTis € TOJOBHOK TNPUYMHOIO BTPATH 30pYy Yy TMAIIEHTIB 3

niabeToM 1 moTpedye Creliai30BaHoro JIIKyBaHHS, 0 SKOTO HajeXaTh 1H'€KIIIT mpernapariB
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B1J1 (pakTOpa pOCTY €HAOTEIII0 CYAHH, JIa3epHa Teparis ado Xipypriune BTpy4aHHs [5].

a) 6)

B) r) A)

Puc. 2. Cranii JIP: (a) - 3mopoBe oko, (0) - Henpo:idepaTiBHa peTHHONATIS, (B) -

npemnpodideparuBHa peTUHONATIs, (T) - mporigepaTUBHA peTUHOMATIS , (1) - H1abeTuyHa

MaKyJIonaris

Pozputok JIP moB's3aHmii 13 HU3KOIO marodizionoriyaux 3miH. [ligBuIeHHS piBHS
CYAMHHOTO €HAOTEeNIaIbHOro (DakTopa POCTy Yy CITKIBIII CTUMYJIIOE€ HEOBACKYJISAPU3AIIIIO Ta
MiABUIIECHY MPOHUKHICTH CYJUH, 110 € KJIIOUOBUM MEXaHI3MOM y PO3BUTKY MpoitipepaTuBHOT
peTuHomnatii Ta MakyaspHoro HaOpsky [7]. IlomkomkeHHS HEpUUUTIB, KIITHH, IO
OTOYYIOTh KamiIsipu, MPU3BOAUTH JO BTpPaTh CTPYKTYPHOI MIATPUMKH CYIAHWH, CIIPHE
YTBOPEHHIO MIKPOAHEBPU3M Ta MIABUILEHHIO NPOHUKHOCTI CYAMHHOI CTiHKH [8].

OxcuaTUBHUM CTpeC Ta 3aMalieHHs, BUKIMKaH1 XPOHIYHOIO T1MEepITIiKEMI€I0, TPU3BOISATH 10
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YTBOPEHHSI BUIBHMX pAaJMKaIiB, IO MONIKOMKYIOTh CYAMHM Ta CHPUSIOTH 3alaJbHUM
nporecaMm. Pusuk po3BUTKYy Ta mporpecyBaHHs JIP TICHO mMOB'Si3aHUN 13 TPUBAIICTIO
3axBOproBaHHA Ha giabet. IlamienTtu, mo xBopi Ha aiabetr moHaa 20 poKiB MalOTh 3HAYHO
BUIMIA PU3MUK PO3BUTKY mpoiideparuBHOi peTuHonatii. HeHanexHUil KOHTPOIb pPIBHS
TJIIOKO3W B KPOBI TPHCKOPIOE TporpecyBaHHs JIP; miATprMaHHS ONTHMAIbHUX PIBHIB
IJIiKeMil MOXKe YITOBUIBHUTH 200 HaBITh 3yIIMHUTH PO3BUTOK PETUHOIIATII HA paHHIX CTadlsfX.
[Nneptensis Ta AUCHINIAEMIs TOCUIIOIOTh YIIKOIKEHHS CY/IUH, CIIPUSIOUU TPOTPECYBAHHIO
JIP.

Ockinbku  panHi  crtamii  JIP MoxyTe OyTH O€3CUMOTOMHUMH, PpETYISpHI
o(pTanTbEMOOTIYHI OINISAIN 3 POIIUPEHHAM 31HHUIIb € KPUTHUHO BAKIMBUMHU JIJISI CBOEYACHOTO
BUsIBJICHHS 3MiH. [lamientam 3 niaberom 1 TUIy peKOMEHIY€eThCs Mepiie 0OCTEKEHHS yepes
5 pOKiB MicCJisi BCTAHOBJICHHS J1arHO3Y, a 3 A1a0eToOM 2 THUITy - HEralHO MICJIsl I1arHOCTUKHU.
Busisnenns nepexony Bin HenpoideparuBHOI 10 TporidepaTuBHOL CTa il T03BOJISIE BYACHO
pO3MOYaTH JIIKyBaHHS Ta 3amoOIrTH CEPUO3HUM YCKIJIATHEHHSM. BUKOpHCTaHHS CydacHUX
METOMIB J1arHOCTUKH, TaKUX SK ONTHYHA KOrepeHTHa Tomorpadis Ta QuyopecieHTHa
aHriorpadisi, Cpusi€ TOUYHIIIOMY MOHITOPUHTY CTaHy CITKIBKH [9].

[Inan mikyBaHHS TOBWUHEH OyTW ajanToBaHuid no crtaaii JIP, 3arambHOro crany
maijieHTa Ta  HasABHOCTI  CYNYyTHIX 3axBoproBaHb. KomOiHOBaHE  BUKOPUCTAHHS
MEIMKaMEHTO3HOT Teparii, Ja3epHOro JIKYBaHHS Ta XIPypriuHMX BTpPy4YaHb MOXeE
3a0e3rmeunuT HEeoOx1aH1 pesynbratu. llamieHtam 3 gia0eTOM Ba)XJIMBO YCBIJIOMIIIOBATH
PU3UKH JUJIT 30py Ta AaKTUBHO CIIBOPAIIOBATH 3 MEIUYHUMH TPAIIBHUKAMU IS
HiATpUMaHHS 370pOB'sl odeil. PaHHS MiarHOCTHMKA Ta CBOEYACHE JIIKyBaHHS MOXKYTh 3HAUYHO

3HU3UTH PU3UK BTPATHU 30py Ta MOKPALIUTH SIKICTh KUTTS.

1.2 TpaauuiiHi KJIiHIYHI MeTOAM peecTpauii Ta aHai3y 300paskeHb CITKIBKH 0Ka
JJIS JiaTHOCTUKHU 1ia0eTHYHOI peTHHONATIl
TpanuuiitHi MeToau aHamizy 300pa)keHb CITKIBKM OKa JUIS JIarHOCTHUKHU J1a0eTHYHOT

pPETUHOMATII JIEKaTh B OCHOB1 O(PTAIIBMOJIOTIYHOI MPAKTUKYU MPOTATOM 0araTbOX JECSITHUIITh.
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Jlo HUX HaleXaTh METO/H, 5Kl MOKJIAJal0ThCsA Ha BI3yallbHUM OIS 1 MaHyaJdbHUM aHaIi3

300pakeHb JiKapeM-0()TaIbMOJIOTOM.

1.2.1 Odranbmockomnis

OdranpMocKoMiss € OMHUM 3 HAWCTAPIMIUX 1 HAWOLIBII MIUPOKO PO3TMOBCIOIKECHUX
METO/[IB BI3yaJbHOTO OMIANYy O4YHOro nHa. Lleil meTon m03BoJsie€ JIIKapro OLIHUTH CTaH
CITKIBKH, 30pOBOr0 HEpPBA, CYIMHHOI OOOJOHKM Ta IHIIMX BHYTPILIHIX CTPYKTYp OKa. 3a
JIOTIOMOTOI0  O(PTaJIbMOCKOIIA - CHEIlajli30BaHOTO ONTUYHOTO I1HCTPYMEHTa - MOXKHA
OTpUMATH 300pa)KEHHsI OYHOTO JIHA 3 JOCTaTHHOIO JACTai3alli€lo JJIs BUSIBJICHHS PI3HUX
naronoriyHux 3MmiH (Puc.3). ¥V kxonTekcTi aiabeTH4HOi peTHHOMNATii OPTaIbMOCKOMIS €
MIePIITUM KPOKOM Yy J1arHOCTUYHOMY Mporieci. Jlikap mrykae crienudiuni o3Haku J[P, Taki sk
MIKpPOAQHEBPU3MH, SIKI € HAWOUIbII paHHIMHM KJIIHIYHUMHU MpOsiIBAMHU 3axBOproBaHHs. Kpim
TOTO, MOXYTh OyTH BHSBJICHI BHYTPIIIHBO CITKIBKOBI KpPOBOBWJIMBH, TBEpHl Ta M'SKi
eKCy/aTH, a TaKoX HEOBAaCKyJsipHu3alis - GopMyBaHHS HOBUX, MAaTOJIOTTYHUX KPOBOHOCHUX
cynuH. L1 3MiHM B1100pa)karoTh CTYMIHb YPAKEHHsS CITKIBKM Ta JOMOMAararOTh BU3HAUWUTU

cTajito 3axBoproBaHHs [10].

Puc. 3 Ilpuknan 300pakeHHs, OTpUMaHOTr0 MeTooM oTaibmMockomii [11]
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He3sBaxatoun Ha CBOIO BaXKJIIUBICTh, 0()TATIbMOCKOIIISI Ma€ Ppsiji OOMEKEHb.

[lo-nepme, Meron 3ajeXWUTh BiJ JAOCBIAY Ta KBamidikauii Jikapsa. [HTepnperanis
300pakeHb MOXe OyTH CyO'€KTHBHOIO, IO MPU3BOAMUTH JI0 BapiaOEIbHOCTI B J1arHOCTHII
MDK pi3HUMH (axiBusgMU. Lle 0coOnrBO akTyanbHO AJI paHHIX ab0 MiHIMAJIbHUX 3MiH, SIKI
MOXYTb OyTH MPOIYIIEHI MEHII JIOCBITYEHUM JIKapEM.

[To-apyre, odranbmockomiss oOMEXeHa B MOMJIMBOCTI BHUSIBJICHHSI TepUbEepUIHUX
3MiH CITKIBKHM, OCKUIbKM CTaHIAApPTHUN O(TaIbMOCKON 3a0e3reuye OOMEkKeHE IMOJe 30py.
Kpim Toro, oranbMockorisa He 3aBKIU J03BOJIsSIE BUSBUTH paHHi ctaaii JIP. Mikpockomiusi
3MIHM B KallUJISIPHOMY PYCJIi CITKIBKM MOXXYThb OyTH HEBUJIUMHUMHM IpH mpsiMomy orisl. Lle
oOMexye e(eKTHBHICTh METOAY AK 3aco0y CKPUHIHTY Ta pPaHHBOI JIarHOCTHKH, L0 €
KPUTUYHUM JJIs 3a001raHHs IPOrPEeCYBaHHS 3aXBOPIOBAHHS Ta PO3BUTKY YCKJIaTHEHb.

Crhig TakoX 3a3HAYMTH, IO CTaH ONTUYHUX CEPEIOBHIN OKa BITUBAE Ha SKICThH
odranpmockomii. HasBHICT, KaTapakTH, KPOBOBHWJIMBIB y CKJIOBUAHE TUIO abo I1HIIMX
MOTEeMHIHb MOXE 3HAaYHO YCKJIAQTHUTU a00 3pOoOUTH HEMOXIIMBUM OIVISI OYHOTO AHA. Y
TaKMX BHUIIAJKaX HEOOXIJHO 3aCTOCOBYBATH IHIII METOAW AOCIIKEHHS ab0 MPOBOAUTH
MOTIepeTHE JIIKYBAHHS Ui TOKPAIICHHS MPO30POCTI CEPeOBUI. 3 METOIO ITi/IBUIICHHS
1H(OPMATUBHOCTI O TaTBMOCKOMIT BUKOPUCTOBYIOTHCSI PI3HI TEXHIKM Ta IHCTPYMEHTH.
Hampuknan, venpsiMma oTabMOCKOITIS 3 BUKOPUCTAHHSIM OIHOKYJISIPHOTO O(TaabMOCKOIIA
Ta JIIH3 JIO3BOJIIE OTPUMATH IIMUPIIE TOJIE 30py Ta Kpallle OUIHUTH NeprudepuyHi AUISTHKHA
CITKIBKA. BukopuctanHs uudpoBux oQTaIbMOCKOMIB Jla€ MOXIUBICTH 30epiraru
300pakeHHS JIS TTOJIAJIBIIIOTO aHaJli3y Ta IMOPIBHAHHS B AuHaMimi [12].

OnHak, HaBiTh 3 IUMHU YIOCKOHAJICHHSIMH, O()TaTbMOCKOIIIS 3aJIUIIAETECS METOIOM,
KU HE MOXKE TTOBHICTIO 33JJ0BOJILHUTH NIOTpeOu cyyacHoi giarnoctuku JP. YV nmopiBHsSHHI 3
TaKUMH METOJIaMH, SIK ONTUYHA KorepeHTHa Tomorpadis abo (myopecieHTHa aHriorpadis,

0 TanbMOCKOIIISI Ha/Ia€ MEHII IETAJIbHY 1H()OPMALIIIO TPO CTPYKTYPY Ta (PYHKIIIIO CITKIBKH.
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1.2.2 ®aroopecueHTHA aHTIOrpadist
OmroopectienTHa aHriorpadist (PA) € 1HBa3UBHUM JIaTHOCTUYHUM METOIOM, SIKUI
BUKOPHUCTOBYETHCS IS JE€TAIBHOTO JOCHIIKCHHS KPOBOHOCHHUX CYIWH CITKIBKH Ta
xopioigei [13] - cynuHHOI OOOJIOHKH OKa, SIKa € YACTUHOI CepeHboi 000J0HKM oka. [lei
METOJ Tepeadadae BHYTPIITHHOBEHHE BBEACHHS (DIyOpecIieHTHOro OapBHHKA, 3a3BUYAM
HaTpPi€BOI couti UIyopecIieiny, 10 Ma€ BIACTUBICTh BUITPOMIHIOBATH CBITJIO MTEBHOT JTOBKUHU
xBuil. Ilicng BBeneHHs OapBHUKA BIH PO3NOAUISETHCA MO CYAMHHOMY pycly OKa, 1
crierjiajJbHa KaMepa 3 BHCOKOIO UYTIUBICTIO TIPOBOAMTH CEPII0 3HIMKIB, 10 BiI0OpaKaroTh

JMHAMIKY HOTO MpOXo/uKeHHs Kpi3b cyaunu (Puc.4) [14].

Puc. 4 [1pukan 300pakeHHs, OTpUMaHOTr0 MeTooM (piryopeciieHTHOT anriorpadii [15]

@dnyopecrieHTHa aHriorpadis J03BOJISE€ BUSBUTH s TMATOJOTIYHUX  3MiH,
XapaKTepHUX JUIs 1a0eTUYHOI peThHonarii. 30KpemMa, MEeTo/l € HaJ3BUYaiiHO €(h)EeKTUBHUM Y
BUSIBJICHHI MIKpOAHEBPHU3M, KalUIIPHOI HEMPOXiTHOCTI, HEOBACKYJSApU3allii Ta BHUTOKIB
OapBHUKA 3 CYJIMH, 110 CBIIYUTH IPO MiABUIIEHY MPOHUKHICTH CTIHOK cyauH. Lli o3Haku €
HEOOX1THUMHU /17151 BU3HaUeHHs cTajli /P Ta OLliHKK PU3UKY PO3BUTKY YCKIaJIHEHb, TAKUX K
nporidepaTuBHA peTUHOMATISI 00 AlabeTUYHUN MaKyIIpHUN HAOpsK. TexHiuHe BUKOHAHHS
DA BHMarae BUCOKOTO PIBHA MIJATOTOBKH SIK MEIMYHOTO MEPCOHAIY, Tak 1 maiieHrta. [lepen

MPOIEAYPOI0 HEOOX1THO MPOBECTU AJIEPrOJIOTIYHUN aHAMHE3, OCKUIBKU (PIIyOpECIEiH MOXKeE
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BUKJIMKATH aJIepTidHi peakilii pi3HOTO CTYIEHs BaXKKOCTI, 30KpeMa aHadUIaKTUYHUHN IIOK.
[lin yac mociiiKeHHsI NalleHT MMOBUHEH NepeOyBaTu Ml MUJIbHUM MEAUYHUM HAJISIOM JJIs
CBOEYACHOTO BUSBIICHHSA Ta JIIKYBAaHHS MOXJIMBHUX MOOIYHMX €(EKTiB, TAaKUX SK HYJIO0Ta,
OmoBaHHs a00 KpornuB'siHKa [16].

OOGmanHanHsA, HeoOXimHe mia mpoBencHHs DA, BkiIodae B ceOe creriaaizoBaHi
KaMepu 3 BHUCOKOYYTIMBUMHU ACTEKTOPAMHU Ta CHUCTEMOIO (PUIBTpallii CBITJIA, IO JTO3BOJISIE
BIJIOKPEMUTHU (PIIyOPECLIEHTHE BUIIPOMIHIOBAHHS B1J (POHOBOTO OCBITIEHHS. Lle oOnannanus
€ TEXHOJOTIYHO CKJIAJIHUM 1 JOPOTHUM, IO OOMEXye HOro JOCTYMHICTh Yy Oararbox
MEIUYHUX 3aKjiazax, 0COOJMBO B perioHax 3 oOMexeHUMH pecypcamu. Kpim Ttoro, s
NPaBWJIBHOI IHTEpHpETaIlli OTPUMAHUX 300pa’keHb MOTPIOEH JOCBiAUEHUN O(TATBEMOIIOT 3
I'PYHTOBHUMH 3HAHHSIMU B Trajly3i CyIMHHOI aHaToMii Ta marodi3ionorii oka.

®dnyopeciieHTHa aHriorpadis Mae psjl 0OMeXeHb Ta MPOTUINOKa3aHb. OKpPIM PU3UKY
aJepriYHNX PeakKIliii, METOJl He PEKOMEHIYEThCS MAaIllEHTaM 3 HUPKOBOIO HEIOCTATHICTIO,
OCKUIbKU (DIIyopeciieiH BUBOAUTHCSA MEPEBAKHO HUPKAMU 1 MOXKE MOTIPIIUTH iX (PYyHKIIIIO.
Takox mporieaypa Hece PU3MK JIJIsl BariTHUX KIHOK yepe3 MOTEHUINHUN BriuB Ha miia. i
dbakTopy BUMAararOTh PETENBHOIO TMIIXOAY JO0 BIZOOPY TMAIEHTIB Ta 3Ba)KyBaHHS
CHIBBIJHOIIEHHS PHU3UKY 1 KOPUCTI TEpea MPOBEACHHSM JOCTIKEHHS. Y KIIHIYHIN
npaktuii DA BUKOPUCTOBYETHCS HE TUIBKM JJI JNIarHOCTUKH, ajne 1 Ui TUIaHyBaHHS
JIKyBaJIbHUX 3axofaiB. [Hdopmarlis, orpumaHna mij dac anriorpadii, JormoMarae BU3HAYUTH
o0cAr 1 JOKami3alil0 MaToJOTIYHUX 3MiH, II0 € BaXXJIMBUM IMpPU IUIAHYBAaHHI Ja3epHOI
Koaryssiiii CiTKiBKM abo XipypriyHoro BTpy4aHHs. KpiM TOro, MeTon M03BOJISIE OIIHUTH
e(eKTUBHICTh TPOBE/ICHO1 Teparii B AuHamitl [17].

HesBakatoum Ha cBoi mepeBaru, (QUIFOOpECIICHTHAa aHriorpadiss TMOCTYIOBO
JIOTIOBHIOETHCSL 1 HAaBITh 3aMINIYy€TbCSI HOBHUMH TEXHOJIOTISIMH, TaKUMH SK ONTHYHA
korepeHTHa Tomorpadis-anriorpadis (OKT-A). OKT-A € HeiHBa3UBHUM METOAOM, SKUU HE
BUMAara€e BBEJICHHS KOHTPACTHUX PEYOBHH 1 JO3BOJISIE OTPUMATH TPUBHUMIPHI 300paskeHHS
CYAMHHOT MEpEeX1 CITKIBKM 3 BHCOKOIO PO3IUIBLHOI0 3/aTHICTIO. lle 3MeHmye pusuk

YCKJIaJIHeHb 1 miaBuUILye koMdopt namienta. [Ipote, @A Bce 1€ 3aIUIIA€THCS HE3aMIHHOIO
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B JIEIKUX BUIIAJKaX, OCKUIbKM BOHA HaJla€ yHIKAJIbHY 1H(POPMAIIiI0 MPO FeMOJAUHAMIKY Ta

IIPOHUKHICTB CY/IHH, Ky HE MOJKHA OTPUMATH 1IHIIUMU METOJAMHU.

1.2.3 OnTyHa KOrepeHTHA TOMOrpagis

OnTtuyna korepeHtHa Tomorpadis (OKT) e mepemoBuM HEIHBA3MBHUM ONTHYHUM
METOJIOM BI3yaji3allli, SKWM J03BOJISE OTPUMYBATH BHMCOKOSIKICHI 300pakKeHHsS IIapiB
CITKIBKM 3 MIKPOHHOIO pPO3AUIbHOIO 31aTHICTIO (Puc. 5). BukopuctoByroun mHpuHIUI
iHTEepdpepomeTpii 3 Hu3bKow korepeHTHicTIO, OKT 3abe3neuye aeTtaibHy CTPYKTYpHY
1H(pOopMallio PO TKAHUHKU OKa B peajbHOMY uaci. Lleil MeTon cTaB HEBIA'€MHOIO YaCTUHOIO
Cy4acHOT 0()TaTbMOJIOTIYHOI TIarHOCTUKH, OCKUTBKH JTO3BOJISIE BUSBJISTH HaBITh MiHIMAJIBbHI
MaTOJIOTIYHI 3MIHM, SIKI MOXYTh OYTH HEMOMITHUMHM TIpH TPATULIMHUX METOaax
JNOCHIKEHHs. Y KOHTeKCTi aiadetnunoi petuHomarii OKT Binirpae BaXIMBY poib y
BUSIBJICHHI Ta MOHITOPUHTY CTaHy CITKIBKH. 30KpeMa, METOJ JI03BOJIsi€E TOYHO BUMIPIOBATH
TOBIIMHY CITKIBKM Ta BU3HAYaTH HAsBHICTb HAOPSAKY MaKyjiu, IIO € OJHIEI0 3 OCHOBHUX
npuuuH Brpatd 30py y mnauieHtiB 3 P (Puc.6). OKT Takoxkx MoOXe BHSBISTH
MIKpPOAQHEBPU3MH, €KCyJlaTH Ta IHIIl MIKPOBACKYJISIpHI 3MIHM, IO CIPHUSAE PaHHIN
JIIarHOCTHUII Ta CBOEYACHOMY JIIKyBaHHIO [18].

OnopHe
A3epkano

[xepeno
cBiTna

4

BuxigHwi
curHan

LeTekTop

Puc. 5 Cxema po6otu OKT
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Xoua OKT € 611bI1 TOYHUM 1 HAJIHHUM METOJIOM MOPIBHIHO 3 0()TAIIBMOCKOIIEIO Ta
IHIIMMHU  TPAAMIIAHUMU METOJAMM Bi3yaii3alli, Moro e(eKTHUBHICTh 3HAYHOIO MIpPOIO
3aJIeKUTh BiJl MOCBiMy Ta kBamidikarii mikaps. [arepmnperamiss OKT-300paxkenp BuMarae
I'PYHTOBHUX 3HaHb aHATOMIl CITKIBKM, MaTo(i3ionorii 3aXBOPIOBAHb Ta PO3YMIHHS
apredaxTiB, SIKi MOKYTh BIUIMBATH Ha AKICTh 300pakeHHs. ToMy MiABUIIICHHS PIBHS OCBITH
Ta TPEHIHTIB /I CHEIIaNICTIB € Ba)JIMBUM ACHEKTOM IS ONTUMAaIbHOTO BUKOPUCTaHHS
ui€ei Texnonorii. Kpim toro, Bapro 3a3Hauutu, 1o OKT He € BceOiuHUM pillIeHHSIM JjIsl BCIX
KJIHIYHUX CUTyariil. [CHYyIoTh 0OMeKeHHs, TIOB's13aH1 3 TPOHUKHICTIO CBITJIA Yepe3 ONTUYHI
CepelloBUIIa OKa, 110 MOXYTh OyTHM MOpPYUIEHI NMPU HASBHOCTI KaTapakTH abo I1HIIUX
noMyTHIHb [19]. Tako TexHIUHI acmeKkTd, Taki K apredakTu Bil pyXy OKa, MOXYTh

BIUIMBATH Ha SIKICTh OTPUMAHHUX 306pa)K€HI).

Puc.6 Ilpuxnan 300paskeHHS, OTPUMAHOTO METOJIOM ONTHYHOI KorepeHTHOT Tomorpadii [20]

Hoctynuicte OKT-o0nagHaHHs 3alUIIA€TbCsl TPOOIEMOI0, OCOOJMBO B MEHIII
PO3BUHEHHMX pErioHaX Ta MEHIMX KiIiHIKaX. Bucoka Bapricth mnpugdaHHsS Ta
0OCJIyroByBaHHs OOJIaHAHHS, a TAKOXX HEOOXITHICTH CIEIliaJlbHO HABUEHOTO IMEPCOHAIY,
MOXYTh OOMEXYBAaTH BUKOPUCTAHHS L€l TexHoJor1i. [{e makpecatoe BaKIUBICTh PO3POOKH
OUIBII €KOHOMIYHO e(exTuBHUX pimieHb Ta nopraruBHUX cucteM OKT, siki MoxyTh OyTH

BUKOPHCTAH1 B IIUPUIOMY CHEKTPl MEAUYHUX YCTAHOB.
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CydacHi gocnipkeHHs: cpsiMoBaHi Ha BrockoHasieHHs OKT, Bkirodaroun po3BUTOK
CHEKTPaJIbHOI TEXHOJOIII Ta TEXHOJIOTIM 31 CKAHYIOUUM JDKEPEIOM, fKI MOKPAaIlyIOTh
MIBUJKICTh CKaHYBAaHHS Ta PO3AUTbHY 31atHicTh [21]. KpiM Toro, iHTerpaiis mMTy4HOTO
IHTEJIEKTy Ta MallMHHOro HaB4yaHHA B aHaimiz OKT-300pakeHh Mae mMoOTeHIan s
aBTOMaTH3allii TIarHOCTUKH Ta 3MEHIIEHHS 3aJIEKHOCTI BiJ JIIOACHKOTO (hakTopy. Lle moxe
MPU3BECTU JO OLIBII CTaHAAPTHU30BAHMX IMIIXOMIB Yy JIarHOCTHUINI Ta MOHITOpUHTY JIP.
OnTuyHa KOrepeHTHa ToMorpadiss € TNOTY)KHUM 1HCTPYMEHTOM JIarHOCTUKU Ta

MOHITOPUHTY J1a0ETUYHOI PETHHOIIATII.

1.3 3acTtocyBanHs MeTOAIiB HIU(PPOBOI 00POOKH 300paKeHb OUHOIO JHA JIJIA
NMOKPAaIIeHHs SIKOCTi JiaTHOCTUKHU ia0eTHYHOI peTHHOMNATIl

[Hudpoa 00pobOka 300pakeHb OYHOTO JHA € KIIOYOBUM €JIEMEHTOM Cy4acHOI
JIarHOCTHUKHU JiabeTnyHoi perruHomnartii. 1li MeTonu € 0OCHOBOO JiJIT BUCOKOTOYHOTO aHAII3y
CYAMHHOI CTPYKTYypH, ifAeHTU(iKalii TMaToJOriYHUX 3MIH 1 BHU3HAUYCHHS CTajid
3axBoproBaHHs. OCHOBHI 3aBAaHHs OOPOOKH BKJIIOYAIOTHh IMIJABUIIEHHS SIKOCTI 300pa’KeHb,
CEerMEHTAIlII0 CYyAMHHOI MEpeXl Ta BUSABICHHS 1arHOCTUYHO BaroMUX O3HAK, TaKUX SK
MIKpPOAHEBPU3MH, KPOBOBUJIIMBU Ta €KCyAaTu. PO3BUTOK aNropUTMIB y Il ramxy3i J03BOJISIE
MiHIMI3yBaTl BTpaTH iH(OpMAaIIii Ta CTBOPIOBATH MOJIEII MAIIMHHOTO HABYAHHS 3 BUCOKOIO
edexTuBHICTIO Kiacudikalii 300pakeHb OYHOTO JHA JUIs BUSIBJICHHS 3aXBOPIOBAHHS Ta
BU3HAUEHHS CTaJii HOTO PO3BUTKY.

Metoan 1mdpoBoi 00poOKM 300pakeHb, TakKi SIK TOKPAIICHHS KOHTPACTHOCTI,
3HIDKEHHS IIYMIB 1 €KBaJi3alis TICTOrpaMH SCKPaBOCTI IIKCENiB 300pakKeHHs,
3a0e3MeuyloTh YCYHEHHS apTe(akTiB 1 3HAYHO MIABUIIYIOTH TOYHICTH aHAai3Yy.
BukopuctanHsi anropuTMiB  CerMEHTallli, 30KpeMa METOAIB AaKTUBHUX KOHTYPIB,
KJIacTepH3allii Ta 3rOPTKOBUX HEUPOHHHUX MEPEX, A€ 3MOTY BUAUISITH CTPYKTYPH CITKIBKH
Ta BHSBJISATH JUISHKH 3 MATOJOTIYHMMH 3MiHamu. L[i TeXHOOrii CpustoTh aBTOMaTH3aIlii

MIPOIIECYy aHaI3y, 3HIKYIOUH 3JICKHICTh B1Jl Cy0'€KTUBHUX OLIIHOK JIiKaps.
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Po3poOka Ta BOPOBA/KEHHS AJTOPUTMIB MAIIMHHOTO HAaBYaHHS Ta DIHOOKOTO
HABYaHHS MiJABUILYIOTh TOYHICTh A1arHOCTUKH, AK€ JO3BOJISIIOTH MOMITUTH 3MiHH, SIKI HE
JIETEKTYIOThCSL JIFOIICBKUM OKOM. AJITOpUTMH, 3aCHOBAaHI Ha 3TOPTKOBUX HEHUPOHHUX
Mepexax, €(EeKTUBHO MPALIOIOTh 13 BEIMKUM OOCSITOM JIaHUX, JIO03BOJISIOYM OAHOYACHO
BUKOHYBAaTH CETMEHTAIII0 Ta Kiacudikailito. 3aBAsSKH MOETHAHHIO METO/IIB aHAJII3y TEKCTYP,
TF€OMETPUYHHUX XapaKTEPUCTUK CYAMHHOI MEPEXi Ta CIEKTPAIbHHX O3HAK J0CITaeThCA
BHCOKA SKICTh BHUSBJICHHS paHHIX cTafdiil /[P, 1o € BayKIMBUM MJi1 CBOEYACHOTO BTPYUYaHHS

Ta MOKPAIICHHs MPOTHO3Y JJIA Malli€HTiB [22].

1.3.1 O6poOka 300paxeHb OYHOI0 JHA JJIS OKPALEHHS X AKOCTI

1.3.1.1 ®dinbTpanisa mymis

OinbTpanis WyMiB € BaXIUBUM €TarioM oOpoOKH 300paXk€Hb OYHOTO JHA, OCKIIbKU
BOHa 3a0esneuye AKICTh Ta HaAidHICT, aHamizy. Llymu, $Kki BHHHMKAIOTH uepe3
HEJIOCKOHAIICTh ONTHYHUX CHCTEM, HEPIBHOMIpHE OCBITJICHHS abo mudpori apredakru,
CYTT€BO 3HIKYIOTh YITKICTh 1 AeTami3aliio 300paxeHns. Lle yckinaaHioe BUSBICHHS MEBHUX
CTPYKTYp CITKIBKM, TaKUX SIK KPOBOHOCHI CYIWHHU, MIKPOQHEBPU3MH YU EKCYJaTH.
OinpTpariss J103BOJIAE YCYHYTH 11 apTedakTH, 30epiraroud BaXKJIMBY J1arHOCTUYHY
1H(pOopMaLliLo.

3actocyBaHHs METOMIB (IIbTpallii, TakWX SK MeaiaHHui abo raycoBuil (iibTp,
COpHsie 3MEHIIEHHIO IIyMy ©0e3 po3MUTTS KpaiB 00'exTiB. IliATBEp/KEHHSIM LBOMY €
nocmmkenHs O. Kowmenuyka [23], B sskoMy BHUCBITICHO, IO MeTOAW (inbTparii, 30Kkpema
MeJlaHHUN (PUIBTP, JTO3BOJIAIOTH 30€PErTH KJIIOYOBI JIIATHOCTHYHI JeTali, HEOoOXiaH1 s
MOJAJIBIIOr0 aHali3y 300paxeHHs CITKIBKM oOka. [llym Ha 300pa)KeHHSX OYHOIO JHA MOXE
MPU3BOAUTH JI0 TOMMJIKOBOI ifeHTHdIKaIii 00'€KTIB 4YM CTBOPEHHS XWUOHUX KOHTYPIB,
3HIKYIOYHM €(PEeKTUBHICTh AJITOPUTMIB CETMEHTAIll] Ta KiIacu(ikallii.

OxpiM MOKpamieHHs SKOCTI 300paskeHb, (UIBTpalis IIyMIB 3HAYHO IMOJIETIIYE

BI3yaJIbHUH aHali3 JyIs JIiKapiB Ta JOCTiaHUKIB. JleTanizoBaHe 300paKeHHS CIIPUs€E TOUHIN
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OILIHIIl CTaHy MAalliEHTa Ta MPUUHATTIO JIarHOCTUYHUX pimeHb. J[o Toro »x, Ied eram €
MIJITOTOBYMM TI€pEe]] 3aCTOCYBAHHSIM I1HIIMX METOMIB OOpOOKH, TakMX SIK MOKpaIleHHs
KOHTPACTHOCTI YW cerMmeHTarlis. Slk mokazaHo B ctarti Cnepancvrkoeo Ta banabana [24],
¢binpTpanis UIyMiB HE JIMILE MiABUIIYE SIKICTb 300pakKeHHs, ajie U 3a0e3neyye BHCOKY
e(eKTHBHICT, TOAANBINIOI OOpPOOKH, pOOIAYM 11 BAKIUBOIO YACTHHOI CHCTEM
aBTOMATU30BaHO1 11arHOCTUKH.

['aycoBuii GiuIbTp 3aCTOCOBYETHCS JJIS 3MIQKyBaHHS 300paxeHb, €(PEKTUBHO
3MEHIIYIOYH BUCOKOYACTOTHUHN IIIYM IIISXOM 3TOPTKH 300pa)KEHHS 3 TayCOBUM SipoM [25].
Menianauit GiasTp, OyAydd HEIIHIMHUM METOJIOM, OCOOJMBO KOPUCHHM JJIsi BUIAJICHHS
IMIYJIBCHOTO IIyMY, 3aMIHIOIOUYM KOXKEH MIKCEeNIb HAa MeJiaHHEe 3HAuYeHHS B WOTo OKOJIi, IO
30epirae Mexi 00'ekTiB [26]. AmanTuBHI (PUIBTPU BPaxOBYIOTh JIOKAJIbHI XapaKTePUCTUKU
300pakeHHs, Taki K Bapiallli ICKpaBOCTI Ta KOHTPACTY, 1110, SIK MMOKa3aHo B cTarTi Cauxe Ta
Xemei [27], no3Bosisie epeKTUBHO 3MEHIITYBAaTH IITyM, 30€piraloun BaKJIuBi netani [28].

Menianauii QUIBTp € OAHUM 13 HAUMOMYJSPHIMUX 1 €(PEKTUBHUX METOJIB, SIKUM
BIJIPI3HSETBCS MPOCTOTOK peam3anii. He3Bakarounm Ha Te, 10 OCHOBHUM HEAOIIKOM
MeiaHHOo1 (UTBTpaIlii € MOXJIMBE PO3MUBAHHS 300payKeHHs, 1€ (QUIBTP 37aTHHM 30epiraTu
MeX1 OO0'€KTIB, OJHOYACHO 3MEHLIyIouM IIyM. MeaiaHHUN (UIBTp 3aMIHIOE 3HAYEHHS
MKCeJIs Ha Me[laHHEe 3HAaYCHHS BCiX MKCENIB y BIKHI KOB3aHHS:

foy) = median___ {g(s, )} [29],

(x,t)eS vy

ne f(x,y) - pe3yapTaT 3acTOCYBaHHS MeAiaHHOTO (iabTpa A0 MIKCENs 3 KOOpAWHATaMU
(x,y) y 3o6paxenni. lle 3madenns mikcenst micnst ¢inprpanii. g(s,t) - IHTEHCUBHICTD

(sIcKpaBicTh) TIKCENs B OPUTIHAIBHOMY 300pa)keHH1 3 KoopauHartamu (S, t). Sxy - OKII

nikcens (x, y), ska BU3Ha4a€ HaOlp CyCIHIX MIKCEB, BKIIIOUAIOYH caM mikcenb (X, y).
AnantuBHUNA MemiaHHUK (QineTp OyB po3poONeHUN 1Jisd TOMOJIAHHS HEIOMIKIB

KJIACUYHOTO MeAlaHHOro (UIbTpa Ha BHCOKHMX PIBHAX IIyMy. BiH 3aMiHIOE NOTEHIIIHO
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IITYMOBI TIKCEN, BUKOPUCTOBYIOUM MEAiaHHUN (PiIbTP, BOJHOUYAC 3aJUINAOYN HE3MIHHUMU
nikceni 6e3 mymy. Ha BiaAMiHY Bij 3BHYAHOTO MEAiaHHOTO (PUIBTpa, 1€ METOM BPaXxOBYeE
JIOKaJIbH1 XapaKTEPUCTUKH, ajie ITHOPY€E MPUCYTHICTh TPAaHUIIb Ha 300pakeHH1 [29].
Cepeanbo3BaxxeHU (PUIBTP Mae MNPOCTIIY CTPYKTYpY MOPIBHSIHO 3 MEIIaHHUM 1
3aMIHIOE 3HAYEHHS KOXKHOTO IMKCENs cepeaHiM (yCepeaHEHUM) 3HAYEHHSM MOTO CYCIJIB.
Lleit ¢iapTp 3a3BUYali BUKOPUCTOBYETHCS JIJISI 3MEHILICHHS IITyMiB 1 IPUITYIICHHS AP1OHUX

JieTalield, a TakoX JJ1s 00’ €THAHHSI HEBEJIMKUX MPOTAJIMH Y JIiHIsAX a00 KpuBUX [29]:

L M N
9gxy) = 572 X f(st),

s=1t=1

ne f(s,t) - 3HaUYCHHsS IHTEHCUBHOCTI IMKCENIB y MeEXaX OKOJy, BU3HAYEHOTO BIKHOM
binbTpa, M Ta N - po3Mipu BikHa QLIbTpa.

['aycoBuii ¢inbTp - 1e 2D-3ropTkoBUid oOmeparop, 110 BUKOPUCTOBYE Barv, oOpaHi
BIANOBIAHO 10 ¢opMu raycoBoi (yHKIii. BiH edexTuBHO 3rmamxye 300pakeHHS 1
MPUAYIIYE TTYM.

ApantuBHuid QuasTp BiHepa € CTaTUCTMYHMM PO3BUTKOM KJIACHMYHOIO (QuibTpa
Binepa. Ha Bigminy Bix (pikcoBaHOTO 3acTOCyBaHHSI Ha BCHOMY 300pa’k€HHI, aJanTUBHUN
MIJIX1]] BPaxoBY€ 3MIHY XapaKTEPUCTUK 300paKeHHs B PI3HUX perioHax, M0 J03BOJISE

3a0€3MeUnTH YITKICTh KpaiB Ta 3MEHIIUTH pO3MUTTS [29].

1.3.1.2 ITokpameHHs KOHTPACTHOCTI 32 0MIOMOI0I0 PO3TATHEHHS riCTOrpaMu

[icrorpama 300pa’keHHS € AHUCKPETHOIO (YHKII€I0, SKa OIMUCY€E YacTOTYy IMOSBU
SICKPaBOCT1 TIIKCENs B 300pakeHH1 1 MPEJCTaBISIEThCSA y BUINIAAI Tpadiky, mo oci abciuc
SKOTO Tpajlaliid sICKpPaBOCTI 3a 3pOCTaHHSAM, a MO OCl OPAMHAT — KIJIBKICTh MIKCEIIB, IO
MaloTh JaHy SCKpaBiCTh, TOOTO YacTOTa TOSBH JIaHOI SICKPABOCTI cepejl TIKCEeTiB
300pakeHHs. MaHInyss1ii 3 TiCTOrpaMor0 JT03BOJISIOTh BUIPABUTH KOHTPACT 1 SICKPABICTb,

3HAYHO MOKPAILyIOUH SIKICTh Iu(ppoBUX 300paxeHs [30].
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Po3taruenns ricrorpamu mependadae 3MiHY 3HAUY€Hb SICKPABOCTI (IHTEHCHBHOCTI)
MIKCEJIB 300pa)KeHHS BIAMOBIIHO O NEBHOI (PYHKIIIT IEPETBOPEHHS, IKa BU3HAYA€E BUXITHE
3HAYEHHS SICKPABOCTI TIKCENs i KOXKHOTO BXIJIHOTO 3HAYEHHS SICKPABOCTI MIKCEJS.
[IpuknagoM 3acTocyBaHHS IILOTO METONy € peali3allis PO3TATHEHHs ricTorpamu B poOOTi
Epsina ta Hinecixa [31], B aKiii 1751 KOIbopoBoro 1udpoBoro 300paxkenHs y ¢popmari RGB
BUKOHAHO MEPETBOPEHHS TICTOTpaMu SICKPaBOCTI MIKCENIB 300pakKeHHsI, IKE TIEPETBOPEHO B
KOJIIpHY MOJIEb BIATIHKIB, HACUUEHOCTI Ta iHTeHcuBHOCTI (Hue, Saturation, Intensity - HSI)
13 3aCTOCYBaHHSIM oOIlepallii MepeTBOPEHHS SCKpaBOCTI Jwmiie a0 iHdopMalii mpo
IHTEHCHUBHICTb. JIJ1s1 OOUMCIICHHS 3HAUCHb SICKPABOCTI MIKCEIIB BUKOPHUCTOBYETHCSI HACTYITHA

(byHKIIis] TEpEeTBOPEHHS:

I ,y)—B
glxy) = RUENE

Jie mependadaeThes, MO Aiana3oH iHTeHcHBHOCTI JexuTh MK 0.0 Tta 1.0, 0.0 BiamoBimae
YOpPHOMY KOJIbOPY, a 1.0 - O6uomy. 3MiHHa B - 11€ 3Ha4€HHs IHTEHCUBHOCTI, 110 BIJMOBIA€E
YOPHOMY KOJIbOPY, TOAl K W - 11e 3HaueHHsS 1HTEHCHMBHOCTI, IO BIAMOBIAaE OLIOMY
KOJIbOPY, X Ta Y - KOOPJIMHATH MIKCEiB Ha 300pakeHH1 [32].

Take mnepeTBOpeHHs [03BOJISIE MIABUIIMTH 3arajbHUNA KOHTPACT 300pakKeHHs,
poOisiuM T€MHI O0JIACTI TEMHIIUMMH, a CBITJII - CBITJIIIMMH, IIO TOJETIIyE BUSBICHHS

MaTOJIOTIYHUX 3MiH.

1.3.2 MeToau cerMeHTAaIIl CTPYKTYP HA 300paKeHHSIX CITKIBKHM 0Ka

Mertonu cermeHnTailii 300pa)keHb TaKOXX BIIITPalOTh BAXKIUBY poib y aiarHoctui JP.
3a JOIOMOrOK CEerMeHTalli MOXKHa BHOKPEMHUTH I€BHI OOJACTI 300pa)KE€HHsS, Takl SK
KPOBOHOCHI CYyJIUHH a00 ypaKeH1 AUISHKH, IO JIO3BOJISIE€ TOYHIIIEC BU3HAYMTH IATOJIOTIUHI
3MiHM. Hanpwkmaa, aaropuTMH — CerMEHTalii  MOXYTh  BUKOPHUCTOBYBAaTHUCS  JUIS

aBTOMATUYHOTO BUSBJICHHS MIKPOAHEBPH3M a00 HaOpSKiB, IO € KPUTUYHHUMH O3HAKAMH
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nporpecyBants [IP. Bukopucrtanus takux MeToiB 3a0e3neuye BUCOKY TOUHICTD 1 JO3BOJISE
YHUKHYTH TIPOITYCKY BaKJIMBHX O3HAK 3aXBOPIOBAHHSI.

Opniero 3 KIIOUOBUX IMepeBar Cy4YacHHX MIAXOJIB € MOXJIMBICTh 1HTErparii
aJITOPUTMIB MAIIMHHOTO Ta TIMOOKOTO HAaBUYaHHS Yy KIIHIYHY MOpakTuky. lle mo3Boise
CTBOPIOBATH CHCTEMH MIATPUMKHN MPUUHATTS PIIICHB, K1 JOTIOMAraloTh JIIKAPSIM BHUSIBISITH
JIP Ha paHHIX cTaaisfx 1 aBTOMAaTUYHO KJIacH(IKyBaTH CTall 3aXBOPIOBAHHS. 3aBsSKH IbOMY
3MEHILYETHCS Yac Ha JIarHOCTHKY Ta IM1JIBUILYETHCS TOYHICTh BUSBICHHS MaTOJIOTIH.

Kpim TOro, cydacHi miaxoau JO3BOJSIOTH 3a0€3MEUUTH JIOCTYITHICTh JIarHOCTHKH
niabeTryHoOil petnHonarii. Hanmpuknaza, cuctemu, po3pobieHi Ha 6a31 MAaITMHHOTO HaBYaHHS,
MOXXYTh OyTH BHKOPHCTaHI B JUCTAHI[IHHUX KOHCYJBTAIlisIX a00 B perioHax 3 0OMeKeHUM
JOCTYTIOM JI0 KBaji(hikoBaHUX O(PTaIbMOJIOTIB, 10 € BAXIMBUM (PAKTOPOM JIJIs TTOJITIIICHHS
r7100aJIbHOT OXOPOHHM 370pOB's [33].

TakuM 4wHOM, CydyacHI MIAXOAU 3 BUKOPUCTAHHAM MAIIMHHOTO HABUYAHHS 3HAYHO
MIJBUINYIOTh €(PEKTUBHICTh JIaTHOCTHKM Jla0CTUYHOI pEeTUHONATIi, 3a0e3nedyroun
aBTOMAaTH3allll0 MPOLECIB, BHUCOKY TOYHICTH 1 MOXJIMBICTh PAHHBOIO BUSBICHHS
3axBoproBaHHA. L{i miaXoau MarOTh BEIUKHUM IMOTEHIAT TS MIOKPAIICHHS SIKOCTI MEIMYHUX

MOCTYT Ta 3HWYKEHHS PU3UKIB IS TAIIEHTIB.

1.3.2.1 IloporoBa cermeHTAaIlist

[eit meTon GazyeThbesi HA PO3MOLIL MIKCEIIB 300pa)KEHHS CITKIBKM OKa Ha OCHOBI iX
IHTEHCUBHOCTI. BuOupaeThcsi meBHUM TOPIT, 1 TIKCENl, 3HAYCHHS SKUX MEPEBUILYIOThH LIeH
MIOPIT, BITHOCATHCS 10 OJHOTO Kjacy, a pemiTa - A0 1HIIoro. Meton npocTuid y peatizailii Ta
e(eKTHBHUN 711 300pakKeHb CITKIBKM OKa 3 YITKHUM PO3IMOAUIOM 1HTEHCUBHOCTEH MIXK
o0'ektramu Ta oHoMm. OfHAK BIH YYTIMBUN JO IIyMy Ta Bapiailiii OCBITJIIEHHS. MeTpuKH,
Takl K TOYHICTH Ta koedimieHT JKakkapa, 10 BU3HAYAIOTHCSA (DOPMYIIOIO, 3a3HAYEHOIO

HUK4Y€, BUKOPUCTOBYIOTHCS JJI OIIIHKH SIKOCTI cermeHnTatii [34]:
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ANB
J(AB) = 3G

ne A - MHOXHMHA TIKCENIB pealbHOl cerMeHTalii, B - MHOXXHMHA MiKCeliB mepeadadyeHol

cerMenTarii. Ao x:

] = TP
= TP+FP+FN’

ne TP - kUIbKICTH MMIKCENiB, SKI HaleXarh 0 CEerMeHTy 1 3a (akrom, 1 B pe3ylbTrari
nporHo3yBaHHs, FP - KibKICTh MiKcelniB, siKi Oyau BIJHECEHI JO CETMEHTY B Pe3yibTari
IIPOTHO3YBAaHHS, MPOTE HACIpPaB/i J0 HHOro HE HajexaThb Ta FN - KiIbKICTh IIKCENIB, SKI

HaJieXaThb JJ0 CETMEHTY, TPoTe He OYyJIu BiIHECEHI /0 HHOTO B MPOTHO3I.

1.3.2.2 CermeHnTAanisi Ha OCHOBI KJacTepu3amii

Metoau kiactepusallii, Taki SIK METOJl k-CEpEIHIX, TPYIYIOTh IMIKCEIl Ha OCHOBI iXHIX
XapaKTepUCTUK, TaKUX SK Komip abo Tekctypa. Lli metoam edekTuBHI A CerMEHTaIll
300pakeHb 31 CKIAJHUMU CTPYKTypamu, aje MOXKyTh BUMAaratu nornepeaHboro BU3HaAuYCHHS
KUIBKOCTI Ki1acTtepiB. MeTpukH, SK-O0T CepeAHbOKBAApATUYHA TOMMIIKA Ta 1HJAEKC Penpans,
3aCTOCOBYIOTBCS JUISl OIIIHKH SIKOCTI Ki1actepu3artii [35].

Jlo TUIIOBUX KPOKIB KJIaCTEpU3allii HAJIEKATh:

1. Bubip Ta BUIIIEHHS O3HAK.

2. BuzHaueHHS MIpH CXOXKOCT1 MK I1abJIOHAMU.

3. Knacrepusaitiist abo rpymyBaHHs.

Puc. 7 imocTpye TUIIOBHIA TOPSIIOK BUKOHAHHSI IIUX TPHOX KPOKIB.

Bubip Ta BuIiIEHHA O3HAK CTOCYEThCSA KUIBKOCTI KJIACiB, JOCTYIHHUX IIa0JOHIB, a
TaKOX KUIBKOCTI, THUIYy Ta MaclTaly O3HaK, JOCTYMHUX MJis alrOpUTMy KilacTepu3allii.
Yactuna miei iHpopmartii Moxke OyTH HEKOHTPOJIbOBAHOIO JUIsl KOPUCTYyBaya.

BuOip o3Hak - 1€ npoiiec BU3HaYEHHs Hale(PEKTUBHIIIOI MIIMHOXKUHU OPUTTHATBHUX

O3HaK JJI1 BUKOPUCTAHHS B KjacTepu3allii. EKcTpaxiiist 03HaK - 11€ BUKOPUCTAHHS OTHI€T a00



48
KUIBKOX TpaHc(opMaliiii BXITHUX O3HAK JJISI CTBOPEHHS HOBHUX, OLIBII 3HAUYIIUX O3HAK
[36]. OOuaBa miAXOAM MOXYTh 3aCTOCOBYBAaTHCS JJII OTPUMAHHS BIANOBIAHOTO HabOpy
O3HaK JIJI KJIacTepHU3allii.

CxoxicTh MAOJOHIB 3a3BUYail BUMIPIOEThCA 3a JIONOMOror (yHKIII BijacTaHi,
BU3HAYEHOI Ha mapax ImabmoHiB. ETtam rpynyBaHHS MOXe BHUKOHYBAaTUCh PI3HUMHU
criocobamu. Pesynbrar kmactepuszaiii Moxke OyTH JKOPCTKUM (pO3OMUTTS JaHUX Ha YITKI
rpynu) abo THYYKHM (/i€ KOKE€H LIA0JOH Ma€ 3MIHHUMA CTYIIHb HAJIEXKHOCTI JO KOXKHOTO 3
BUXIJTHUX KJacTepiB). lepapxiduHi anropuTMHu KiacTepusallii CTBOPIOIOTh CEPil0 PO30OUTTIB
Ha OCHOBI KPHUTEPIiB 3IUTTS a00 po30UTTA KiacTepiB 3a momiOHicTiO [37]. ANropuT™Mu
KJIacTepu3ailii 3 po3OUTTAM BU3HAYAIOTH PO30OUTTS, SKE ONTHUMI3y€e (3a3BHUall JIOKAJIHHO)

KpUTEPIN KacTepu3allii.

BxigHe
306paKeHHs BusHaYeHHs Knactepu

——————> BuGip Ta BuAINeHHA MiXLIa6NOHHOT lpynyBaHHs >

o3Hak [P .
CXOXOCTI

[leTna 3BOPOTHOrO 3B'A3KY

Puc . 7 Cranii knactepuzartii 1jist 300pakeHb CITKiBKY oka 3 J[P

1.3.2.3 CermeHTallisi H2 OCHOBi aKTHBHUX KOHTYPiB

{1 Mozesni BUKOPUCTOBYIOTh KpHBI, SIKI 1€(OPMYIOThHCS il BIULIMBOM BHYTPIIIHIX Ta
30BHINIHIX BIUIMBIB JJIs1 OKpPECIIOBAaHHS 00'€KTiB Ha 300pakeHHI. Meton eheKTUBHMNA ISt
CerMeHTalli O0'€KTIB 31 CKJIAJHUMHU KOHTypamH, ajieé YyTIMBUH JO IOYaTKOBOTO
pO3TalllyBaHHS KPUBOi Ta TNapamMeTpiB Mozemi. [ OIiHKM TOYHOCTI CerMeHTarlil

BUKOPHCTOBYIOTHCSI METPUKHU, TaKl SIK TIIOMIA 1] KPUBOIO Ta KOS(IIIEHT NEPEKPUTTS.
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MaremaruuHi OCHOBU MOJENIed Ha OCHOBI AaKTUBHUX KOHTYpIB 00 €IHYIOTbH
reoMeTpito, (Qi3UKy Ta TEOpil0 anpokcumailii. [eoMeTpisi BUKOPUCTOBYETHCS ISl OMUCY
dbopmu o0'ekra, (pizuka Hakigamae OOMEXKEHHs Ha Te, SK (popMa MOKe 3MIHIOBATHUCS B
MPOCTOPI1 Ta Yaci, a Teopis ONTUMAIBHOI ampokcuMallii 3ade3neuye GpopMalibHI MeXaH13MHU
T1/TAIITOBYBaHHS MOJIeNIeH 10 nanux [38].

[eomerpiss 1mx Momenell 3abe3neyye MIMPOKE OXOIUIEHHA (opM  3aBIsKH
BUKOPHCTaHHIO T€OMETPUYHUX MEPETBOPEHB 13 Oararbma CTYINEHAMH CBOOOAM, HAIPHUKIA,
crutaiiHiB. OmHAK MOJEeNbh 3alUIIAEThCS KEPOBAHOIO, OCKUIBKM CTyINEHI CBOOOIU HE
3MIHIOIOTBCSI HE3JIEKHO, & PETYIIOI0ThCS (DI3MYHUMU NMPUHLMIIAMH, SIK1 HaJIal0Th FeOMETpli
IHTYiTUBHO 3p03yMisioi moBeniHKH. Ha3Ba mOXOIuTh MepeBakHO BiJ BUKOPUCTAHHS TEOPIi
MPYKHOCTI Ha (I3UYHOMY PIBHI, 3a3BUYAN y MEXKax JarpaHkeBoi JTUHAMIKU. Y (PI3UUYHOMY
TIYMaueHHI L1 MOJEIl pO3MISAJAIOThCA SIK MPYXKHI Tia, M0 MNPUPOAHO pearyrTh Ha
MPUKJIAICH] CHIIA Ta OOMEKEHHS.

HedopmoBani KpuBi, MOBepXHI Ta 00'eMHI Mojesdl 3A00YyJIM MHOMYJISPHICTH MICHSA
iXHBOTO 3aCTOCYBAaHHS y 3aBIaHHSIX KOMITI IOTEPHOTO 30py Ta KOMIT IOTEpHOI rpadiku
(Terzopoulos and Fleischer, 1988) [39] y cepeauni 1980-x pokiB. Tepzonynoc 3anpoBagnB
Teopito  OesnepepBHUX (OaraToBUMIpHHMX) Jae(OpPMOBAaHUX MOJENEH Yy KOHTEKCTI
JarpaHXeBoi TUHAMIKH, Oasyrounm ii Ha eHeprisx aedopmarii y BHUIIAII y3araabHEHUX
CIUTAMHIB 13 KOHTPOJIHOBAHOIO HemepepBHICTIO. [lonepennukamMu cydacHuX e(popMOBaHUX
Mozenie Oynu mnpyxuHH1 madnonn QDiuepa ta Enwnacepa (1973) [40] Ta TexHika
T'YMOBHUX Macok Biopoy (1973) [41].

Cepen ycix Mozenei HaWOLIbITy yBary nmpuBepHyJa MoJielb, Bigoma gk "3mii" (Kass
et al., 1988) [42]. 3wmii abo "momeni aedhopMOBaHUX KOHTYpPIB" € OCOOTUBUM BHUIIAIKOM
3arajgpbHOi OararoBUMipHOi Teopli AedopMOBHMX Moxaened. BoHu € mimomuHHUMH
ne(GOpMOBAHMMHU KOHTYpPaMH, KOPHCHUMHU Y 0araThoX 3a/a4ax aHajizy 300paskeHsb. [X 4acTo
3aCTOCOBYIOTH JIJIs1 HAOMMKEHHS MEK 00'€KTIB y 300paKEHHSX HA OCHOBI MPUITYIICHHS, 110

MEXI € 4YaCTKOBO HCIICPCPBHUMH abo TIIaIKNUMU.
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1.3.2.4 CermeHnTanist Ha OCHOBI rpadis
[{i MeToaM MpeacTaBiIsAIOTh 300paXkeHHs sIK rpad, 1€ MmiKcenl € BepiimHaMu, a pedpa
BIIOOpakaloTh MOAIOHICT MK HHMH. MeToau, Taki SK HOpPMalli30BaHI po3pi3u
BUKOPHUCTOBYIOTh BJIACTUBOCTI TpadiB sl po30UTTA 300pakeHHs Ha cerMeHTU. Bonu
e(deKTUBHI JUIs CKJIAJHUX 300pa’keHb, aje MOXYTh OyTH OOYMCIIIOBAJILHO 1HTEHCHBHUMU.
Mertpuku, siK-oT MOAy/IbHICTh (aHmi1. Modularity) Ta iHmexkc yuctoru (anni. Purity Index),

3aCTOCOBYIOTHCS JUIsl OLIIHKH SIKOCT1 cerMeHTaitii [43].

1.4 CucreMu NiATPUMKH NPUAHATT KIIHIYHUX JIATHOCTHYHMX pPillieHb B
0TaIbMOJIOTII HA OCHOBI IITYYHOI0 iIHTEJIEKTY

HoBiTHI TEXHOJOTIi IITYYHOTO 1HTENEKTY, 10 OXOIUIIOIOTh CUCTEMH MAIIMHHOIO Ta
IIIMOOKOT0 HAaBYaHHS, BIJKPUBAIOTh MOXKJIMBOCTI JUIsl BUKOPUCTAHHS JAHMX 13 PI3HUX
JOKepen IS BUSIBICHHS, Kiacuikaiii Ta MPOTHO3yBaHHS 3aXBOPIOBaHb, a TAKOXK JJIS
MPOBEACHHS XIPYpriyHOTO CKPUHIHTY, HaBYaHHA Ta pPOOOTOTEXHIYHOTO BTPYyYaHHS.
ABromMarnyHa 00poOKa 300paXke€Hb 1 OTPUMAaHHS 03HAK 13 MYJIBTUMOJAJIbHUX JIKEPEIT, TAKUX
K mepuMeTpia (MeToj] GYHKIIOHATBHOI M1arHOCTUKH, SIKAW OI[IHIOE TOJI€ 30py MAIll€HTa),
ONTUYHA KOrepeHTHa Tomorpadis Ta ¢dotorpadii o4HOro JHA, MOXKYTh OyTH 00'€enHaHi 3
neMorpadiYHIMH, €KOJIOTIYHUMH Ta TCHETUYHUMU JTAHUMU TAIli€HTIB s iaeHTHdiKamii Ta
kiacudikaiii o¢pTaJIbMOJOTIYHUX 3aXBOPIOBaHb, IMPOTHO3YBaHHS iX MPOTPECYBaHHS Ta
BUOOpY Teparii [44].

Xoda JOCHIIHUKH JEMOHCTPYIOTh TEOPETHYHY KOPUCHICTH CHUCTEM ILITYyYHOTO
THTEJIEKTY, BaJliJlallisl PO3MISIHYTUX METO/IB Ha pealibHUX 30BHILIHIX KITHIYHUX JAHUX, SKa €
NEePEeYMOBOIO ISl IXHROTO BIIPOBA/PKEHHS B JOMVISAL 3@ MAIllEHTaMM, 4acTo BIACYTHS abo
BUSIBIISIETHCST HeBAasow. He3Baxkaroum Ha ne, moreHumian mry4yHoro iHtenekty (LHI) sx
THCTPYMEHTY JUIsl JIarHOCTHKHU Ta CKPUHIHTY 3 METOIO MOKPAILEHHS OISy 3a Mall€eHTaMH
MIKPECTIOE HEOOXITHICTh MPOMOBKEHHS €KCTICPUMEHTAIIBHUX JOCIIKeHb. Taki MiIX0au
3aTHI CKOPOTUTH 4Yac A0 BCTAHOBJIEHHs JAlarHo3y Ta INOYarKy JIKyBaHHs, HIABUILUTU

TOYHICTh [JIarHOCTUKH, IPOTHO3YyBaTH NPOrPECYBAHHS 3aXBOPIOBAHHS [UIsI KpaIOro



51
MOHITOPUHTY Ta pAaHHBOTO BTPYYaHHs, BUSBIISATH O3HAKU HA 300paKEHHSIX, SIKI MOXKYTb OyTH
HEMOMITHUMU I JIIOACBKOTO aHali3y, a TaKOXX HAaJlaBaTW JIarHOCTHYHI 1 Te€paneBTHYHI
pexomenparii [44].
3acrocyBanns I no3Bonsie aBToMaTru3yBaTH pPYTUHHI 3aBJaHHSA, 3MEHILYIOUH
HABAaHTAKEHHS HA JKapiB 1 MABUIIYIOYH €(QEKTUBHICTh (PYHKI[IOHYBAHHS MEIUIHUX
ycraHoB. binbiie toro, Bukopucranns LI cnpusie po3BUTKY nepcoHaii30BaHOT MEAULIMHH,
JI€ aJrOpUTMH aJaNnTyOTh JIIKYBaHHS J10 1HAMBIAYaJbHUX XapaKTEPUCTHUK MAIIEHTIB, THUM

caMuM 3a0e3Meuyour MaKCUMallbHy e(DeKTUBHICTD Teparii.

1.4.1 OcHoBHi (pyHKLIi cHCTEeM HA OCHOBi IITYYHOI0 IHTEJIEKTY

CucreMu MATPUMKA TPUUHSTTS KITHIYHUX JIarHOCTHYHUX PIIIEHb B O(PTaIBMOIIOTT]
Ha ocHOBI Il BuKOHYIOTH MIMPOKUH crekTp (yHKui. OCHOBHOIO € aBTOMAaru3oBaHa
JIarHOCTHKA, 0 BKJIIOYAE aHaJli3 300pa)KeHb OYHOTO JHA JJIS BHSABICHHS ITaTOJIOTTIHUX
3MiH, TaKMX SK MIKpOQHEBPU3MHU, KpPOBOBWJIMBM Ta ekcydgatu. Lli cucreMu Takox
JIO3BOJISIIOTH  KJIACH(IKYBaTH CTajli 3aXBOPIOBaHb, 3a0€3MeuyodyM JKapiB 00’ €KTUBHOIO
1H(hOopMAaIIi€rO A1 PO3POOKH TeparieBTUYHOI CTPATETTIi.

OcTaHH1 AOCIIIKEHHS MOKa3ajiH, 10 CUCTEMHU CKPUHIHTY J1a0€TUYHOI pEeTUHOMATIi
Ha OCHOBI IITYYHOTO IHTENEKTY MOXYTh JOCSTaTH HAJEKHOTO PiBHS OE3MEeKH B MUTAHHI
JIOTIOMOTH B TPUUHATTI pimeHsb [45]. Lli anropuTMu BKIIFOYAOTh KJIACHYHI METOJIU aHaJI3y
300pa)ke€Hb, CTBOPEHI EKCIepTamMHu, MareMaruyHy Mop¢olsorito Ta TpaHcdopmarii, 1o
3aCTOCOBYIOTHCS IS BUJIUICHHS CTPYKTYp Ta YCyHEHHS 1ryMiB. OJuH 13 MiJIXO/1B, MOJSATAE Y
KJacudikamii KoIb0pOBUX 300pakeHb OYHOTO JTHA Ha npoideparuBHy craito P (momipHa
abo Baxka ctaxmis) Ta HempomideparuBny JIP (Bimcytnicth abo nmerka JIP). V mux
JOCJTIIPKEHHSIX BUKOPHUCTAHO 3TOpTKOBI HelipoHH1 mepexi (3HM) abo nonepeaHbo HaBYEHI
Mmozeni, Taki sk AlexNet [46] ta Inception V3 [47]. [H111 gocipKeHHS CIPSIMOBYBAIUCS Ha
BusiBiicHHss J[P Ha oOCHOBI (IKCOBaHMX O3HAK, TaKUX SK ypakeHHA cymuH [48],
MikpoaHeBpu3MH [49], ekcynaru Ta cermeHTallisi KpoBoHOCHHMX cyauH [50]. Takox neski

rpyny JTOCIIAHUKIB BOPOBAIWIM METONMKY BUABIECHHA [IP Ta M1a0eTMYHOrO MaKylspHOTO
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HaOpsky (JAMH) [51] i3 3acTocyBanusam monenerd 3HM, 31aTHUX BU3HAYaTH TOYHY CTaAllO
JIP.

Bone ta 11. [52] po3pobuim moaens s kinacudikaiii cragiii JIP Ha ocHOBI 03HaK
MIKpPOAQHEBPU3M 1 KpPOBOBWJIMBIB, TOAl SK 1HII 3a3BHYail BUKOPUCTOBYBAJIU EKCYIATH,
KapTorpadyBaHHs KpPOBOHOCHHUX CyIWH 1 JUCK 30poBoro HepBa [53]. UyTnuBicTh
aBTOMaTu4HOro ckpuHinry JIP cranoBute Bin 75% npo 94,7%, 13 TNOpPIBHSIHHUMU
MOKa3HUKaMu crerudiuHocTi Ta ToYHOCTI [54]. s HaB4yaHHs, Bajijalii Ta TECTyBaHHS
rux cucreM I, a Takox N1t TOPIBHSHHS X MPOIYKTUBHOCTI BUKOPUCTOBYBAJIUCH BIJIKPUTI
Habopu nanux, Taki sk TeleOphta, APTOS Ta iamm [55-58].

[nma cdepa ¢dokycy - 1ie BUSBICHHA A1a0ETHUYHOTO MAaKyISIPHOTO HAOpsKY, AJs
OIIIHKH SIKOTO 30JI0TUM CcTaHAapToM Ha cboroaHi BBakaeTbess OKT. Jlnsa pusBnenns JIMH na
ocHOBI ¢oTorpadiii OYHOrO JHA, AaHATI3YIOThCS EKCydaTh Ta BHU3HAYAETHCA TOYHE
po3TanryBaHHs Makyid. ABToMaTH4He BusBleHHs 3a gonomororo OKT Hapasi 30cepemkene
Ha CerMeHTallli mapiB CITKIBKH [59] Ta i1eHTU(IKaIlll KOHKPETHUX YPaXKeHb, TAKUX SIK KICTH
[60]. HemonaBHO MeTonu MMOOKOr0 HaBYaHHS MOYalId BHUKOPUCTOBYBATH JJIsi BUSIBICHHS
MOTOBIIEHHSI MaKyJdud Ha OCHOBI KOJIbOPOBHX (oTorpadiii, pe3ynbraTd SKHUX BHUSIBUIUCS
MOPIBHSHHUMU 3 BUMIPIOBaHHSM TOBIIMHU 32 JonioMororo OKT [61].

Jlexinbka mporpam YmpaBiiHHS 3 mponoBosibeTBa 1 MmeaukameHTiB CIIA (anrn. The
Food and Drug Administration) 3actocoBytoTh MeToau Ha ocHoBi LI mist ckpuninry JIP
cepen HacelneHHsA. BoHum Takoxx HemonaBHO cxBanmiau IDx-DR - 3roprkoBy HeWpoHHY
Mepexy msi ckpuniHry cranii AP y mopocnux Bikom Bim 22 pokiB [62]. Ilepun Bepcii
IDx-DR Oymu omineni B Mmexax IIporpamu J[lerekuii mraty AioBa (lowa Detection
Programme) Ta moka3zamum m00pi pe3ynbTaTH Ha OiMMX, MiBHIYHOAQ)PHUKAHCHKUX 1
cyocaxapcekux pacax [63]. [Tonibne nporpamue 3a6e3nedeHHs, Hanpukian RetmarkerDR y
[Topryranii Ta EyeArt y Kanazai, Oylo mpoTecToBaHO B MICHEBHX IPOrpamax CKPUHIHTY
[64]. ¥V kinbkox iHcTHTyTaX [liBAeHHOT A3ii TakoXK 3aiiMarOThCsi PO3POOKOIO Ta BaiAAIIIEI0
anroputmiB I nna Bussnenns JIP [65]. HemogaBHO iHCTpYMEHT Ha OCHOBI TIIMOOKOTO

HaBYaHHS, po3pobneHuit y CiHramypi, IpOJEMOHCTPYBaB TOYHICTh, Ky MOKHA MPUPIBHITH
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a0 OHiHKI/I JJIOANHOIO, a HamiBaBTOMAaTH30BaHa MOJICJIb 13 BTOPHUHHOIO OHiHKOIO JOAUHOIO

MOJKE€ CTaTH €KOHOMIYHO-PECYPCHO €(PEKTUBHOIO [66].

1.4.2 IlepeBarm Ta BHUKJHUKH BIPOBAMKCHHH IUTYYHOI0 IHTEJIEKTY B
opranbmoorii

BripoBa/pkeHHS IITYYHOTO 1HTEIEKTY B 0TaIbMOJIOTII0 MIPUHOCUTH 3HAUHI ITepeBary.
[To-nepimie, 1€ MABUIIEHHS TOYHOCTI M1arHOCTUKH, OCKiUIbku anroputmu I 3paTHI
BUSIBJISITH T1aTOJIOT14HI 3MIHM Ha PAHHIX CTaAisX 13 BUCOKOIO YYTJIUBICTIO Ta CHEIU(DIUHICTIO.
[lo-npyre, Taki cUCTEMHU MOKPAILYIOTh Yac A1arHOCTUKH [67].

KpiMm Toro, HeWpoHHI Mepexi MiABUIIYIOTh JOCTYHHICTh SKICHOI MEIWYHOI
JIOTIOMOTH, OCKUJIBKH 1X MO)KHa BUKOPUCTOBYBAaTH B perioHax i3 1ediluToM KBarihiKoBaHUX
odranbmonoriB. CucTeMH Ha OCHOBI HEMPOHHUX MEPEX TAKOXK MIIATPUMYIOTh HPUUHSTTS
KIIHIYHUX PIllleHb, HAJAI04M JIKApsM OO0'€KTHUBHI JaHI Ta MIHIMI3yIOUM PU3UK TTOMHUIIOK
[68].

Hes3Baxkatroun Ha BUCOKUM piBEHb TOYHOCTI Mojeneld Ha ocHoBi Il anst Gararbox
o TaTbMOJIOTIYHUX 3aXBOPIOBaHb, 1X KIIHIYHA peai3allis Ta BIPOBAHKCHHS B peaibHOMY
4acl y MPAaKTHUIll CTUKAETHCS 3 YUCIACHHUMM KIIHIYHUMU Ta TEXHIYHUMH BUKIUKaMu. L1
TPYAHOIII MOXYTh BHHUKAaTH Ha PI3HUX €Tamax fK y JOCIITHUIBKUX, TaK 1 B KIHIYHUX
ymoBax. Cxema 3aCTOCYBaHHS IITYYHOTO 1HTEIEKTY ISl MIATPUMKH TPUUHATTS PIlICHb
nokasaHa Ha Puc. 8.

Hapuanns ta TtecryBanns Mmoxenedd Il Ha oOcHOBI 300pa’keHb CITKIBKH YacToO
CYIIPOBOKYETHCS YHMCICHHUMH BapiallisiMd, TaKUMHU SK IIUPHHA TOJS 30pPYy, KYT OIS,
MaciiTabyBaHHSI 300pa)KeHb, SKICTb 300pakeHb 1 ETHIYHE TMOXOMKEHHS YYaCHHUKIB.
Pozmupennst HabopiB JaHUX 3a PaxXyHOK PI3HOMAHITHOCTI €THIYHMX T'PYII 1 00JIaTHaHHS IS
OTPUMaHHS 300paXeHb MOXKE JIOTIOMOTTH BUPIIIUTH 1110 npodiemy [69].

[Ile omniero mpobieMor0 € 0OMeKEeHa KITBKICTh JaHUX ISl PIAKICHUX 3aXBOPIOBAHb.
Kpim Toro, npu 3aXBOprOBaHHSX, TAKUX K IJIayKOMa, ICHYIOTh PO301>KHOCTI B IHTEpIIpeTallii

Ta BApIaTUBHICTh MK €KCHEPTAMM IOAO0 (PEHOTUITY 3aXBOPIOBaHHS. AJITOPUTM HAaBYAETHCS
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JIMIIEe Ha MPEJCTaBICHUX MOMY JAaHHUX, TOMY SIKIIO HaOlp HaBYAJIBbHUX 300pa’KE€Hb € HAITO
MajauM a00 HE pEeNnpe3eHTaTMBHUM, TO METOAM KiIacH(ikalii MOXYTb JaBaTH HE TOYHI
pesynprar. HeoOXimHiI MOMambInl JOCTIKEHHS IS OTPUMAHHA SKICHUX pePEepeHTHHX
JAHUX JJI9 pI3HUX 1HCTpYMEHTIB kiacugikamii. Krause ta iH. [70] mokaszaiu, Mo OILIHKA
CHEIiaiCTaMy 3 PETHHOJOTIT € OUTbII TOYHUM pedEepPEeHTHUM CTAHIAPTOM IS BUSBICHHS
apredakTiB 1 TPOMYIMIEHUX MikpoaHeBpu3M y JIP MOpiBHAHO 3 OUIBIIICTIO pIIICHb 1
MOKpaIIy€e NPOAYKTHBHICTh aJITOPUTMY.
Hapemri, motouni cuctemu ckpuninry J[P #Ha ocnosi LI po3pobneni Ta BamigoBaHi
Ha OCHOBI JIBOBUMIPDHHUX 300pa)keHb 1 HE MalTh CTEPEOCKOMYHHMX IapaMeTpiB, IO
YCKJIaIHIOE 11eHTU(IKALII0 ypaXeHb, TAKUX K TPaKIIii CITKiBKU. BpaxyBanHs iHdopMariii 3
MYyJIBTUMOJANBHOI Bi3yalizallii K O3HAaK g MOOYyJO0BU MOJElel MallMHHOTO HaBYaHHS
J03BOJISIE BUPIMIMTH 110 mpodnemy. KpiM Toro, Meauko-mpaBoBi acleKTH Ta PEryisTOpHI
BUMOTH PI3HATHCA 3QJIEKHO BiJ KpaiHM Ta yMOB, 1 B IUX cdepax MoTpiOHA J0JaTKOBA
pobora. BaxxiMBUM BUKIUKOM JJIs KJIIHIYHOTO BIpoBapkeHHs TexHosorid I € moBipa
MalI€HTIB 0 MalIMHHOTrO 00ciyroByBaHHs. Keel Ta iH. [71] oliHIOBaNu NPUUHSITHICTbH
ckpuninry JIP nHa ocHoBi Il y BiamigeHHSX €HIOKPUHOJIOTII 1 BCTAaHOBWIM, 10 96%
y4aCHUKIB OyJIM 3a/10BOJIEHI a00 JyKe 3aJ0BOJICHI aBTOMaTHU30BaHOK MOJIEJUII0 CKPUHIHTY.
OnHak y pi3HHUX MOmymsUifAx 1 ymoBax npuilHATHICTH LI mMoxke 3MiHIOBaTHCS, IO MOXKE

CTaTu IICPCUIKOAOIO AJIA HOTO0 BITPOBA/I’KCHHAI.
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[HWIi cucTemMm
iHTerpauir
(onuirnHo)
BxigHi gaHi: N
o KniHiuni LWTYYHUI IHTENEKT:
306paxeHHs * MNepenobpobka
CITKIBKW « BupgineHHs
« MegunuHi 03HaK BuxigHi faHi:
MOKasHUKK — .« Mopgenb —_— PekomeHpauil,
« |cTOpiA xBOPOGM MalLLMHHOrO Bisyanisauiii Ta.
* MeTapaHi
« KoHTekcT HauaHHs .
« |[HTepnpeTauisa

Buknukn ta ObMexeHHs:
e AKICTb AaHUX
o ETuka Ta perynsuii
¢ |[HTeprnpeToBaHicTb
* MacwrtaboBaHicTb

Puc. 8 3acToCyBaHHS IITY4YHOTO THTENEKTY JUIsl MIATPUMKH KITHIYHUX PIIIEHb

[To-npyre, macmtabHe BrnpoBamkenHs LI y cdepy oxoponu 3m0poB'ss moci
CTUKA€ETHCSA 3 MpoOJIeMaMH, OCKUIbKM JIKapl Ta MAlllEeHTH 3aJMIIAIOTHCA 3aHEIOKOEHUMH
taM, mo I ta rmmbOoke HaBYaHHS € «IOPHUMHU CKPUHBKAMIY, aJK€ 1HTEPIPETOBAHICThH
iXHBOT pOOOTH Ta pe3yNbTaTiB BCE 111 3aJMIIAETHCS Ha HU3bKOMY piBHI. B 0XOpoHi 310poB'st
BAXXJIMBUM € HE JIMIIE KUIbKICHA TPOAYKTUBHICTh aJTOPUTMIB, ajle i 3p03yMUIICTh O3HAK, Ha
OCHOBI SIKMX aJITOpPUTM Kiacuikye 3aXBOpIOBaHHS, IO MIJABUILYE IOBIpY JikapiB [72].
['enepamist 1 Bi3yandi3allisi HAaHECEHMX Ha aHaJ30BaHE 300paXEHHsSI TEIUIOBUX KapT
IPaIIEHTHO-3BAKEHOTO  BIJIOOpaKCHHS  aKTHBAIlii KJaciB, SKi BHIUIAIOTH 00JacTi
aHaJ130BaHOTO peTHHOrpadiuHOro 300pa)kKeHHsI, 110 HAWOLIbIIe BIUIMBAIOTh HA PIIICHHS
Mojielll IMOOKOTO HaBYaHHSI, MOKE OyTH KPOKOM JI0 1HTEpIpeTallli pe3yJabTaTiB IITMOOKOro

HaB4YaHHA.
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Hapemiri, BaXJIMBO 3a3HAYUTH, IO «IHTEPIpPETAIlis» CUCTEM IITHMOOKOTr0 HaBYAHHS
MOKE€ O3HAuaTH pi3HI pedl s (PaxiBUIB 3 OXOPOHH 3I0POB'S Ta €KCIEPTIB 3 MAIIMHHOIO
HAaBYaHHS. XO4Ya 37a€ThCsl WMOBIPHUM, IO QJITOPUTMHU 3 BHCOKHM DPIBHEM IHTepIpeTarii
OyayTh Kpamie CHpUUHATI OoQTajbMOJOramMu, MaOyTHI KJIiHIYHI JOCHIIPKEHHS TMOBUHHI

BU3HAYWTH, UM 1€ TaK, 1 YU IPUHOCHTH I1€ pPeajbHI epeBaru Jjis MaIli€HTIB.

1.5 CyuacHi peno3urtopii Hu(ppoBUX 300pakeHb CITKIBKH OKa JJI PO3POOKHU
MeTOIB JiarHOCTUKHU Aia0eTHYHOI peTHHOMATIl

VY po3po0biIil cydyacHUX METOJIIB JIIarHOCTUKU A1a0CTUYHOI PETUHOIIATIT KIIFOUOBY POJIb
BIJITPalOTh peno3uTopii nu(poBUX 300pakeHb CITKIBKM OKa, SIKI MPOMAapKOBaHI JIKapsIMH
IIOZI0 HAsIBHOCTI 3aXBOPIOBAHHS Ta CTaAil WOro PO3BUTKY Ta JIO3BOJISIIOTH MPOBOIUTHU
TECTYBaHHSI METOJIB HHU(PPOBOI O0OpPOOKM 300pa’k€Hb OYHOIO JHA, a TAKOX MPOBOIUTH
HaBYaHHS MOJEJICH MaIlMHHOTO HapdaHHS. L[i permo3uTopii MICTATH BEIMKI OOCATH JTaHHX,
Kl BUKOPUCTOBYIOTHCSI JUIsl HAaBYaHHS, TECTYBaHHS Ta Balijallii aJrOPUTMIB IITYYHOTO
IHTEJIEKTY, 30KpeMa 3TOPTKOBUX HEHPOHHHX MeEpeX. BukopucTanHs Takux 0a3 JaHHUX
CIpHsi€ TIOKPAIEHHIO TOYHOCTI aBTOMAaTHU30BAHMX CHUCTEM JIIarHOCTHKH, CTaHIapTH3aIlli
METO/IIB 1 MOPIBHSAHHIO iX €(EKTUBHOCTI.

OCHOBHI BiJIKpUTI PENO3UTOPIi 300pa’keHb CITKIBKH OKa:

e Standard Diabetic Retinopathy Database (DIARETDBI) € omHHM 13 TIepIIux
BIJIKDUTUX PEIMO3UTOPIiB, SIKUA MICTUTH 300paK€HHSI OYHOTO JHA JJisi BUSIBICHHS
J1a0eTUYHOI peTuHonarii. ¥ HbOoMy 310paHi 300pa’KeHHs 3 aHOTALIIMH €KCIEPTIB, K1
BiJI3HAYAIOTh TATOJIOTIi, Takl SK MIKpOaHEBpU3MH Ta ekcynaru. Lls Gaza 3a3Buyaii
BUKOPHCTOBYETHCS JIJIsl HABYAHHS MOJIEJIEH Ha MOYAaTKOBUX CTaIAX po3poOKu [73].

e Penosutopii Messidor 1 #ioro oHOBIeHa Bepcisi Messidor-2 BKIIOYAIOTh BETUKHMA
Ha01p BUCOKOSKICHUX 300pa’keHb CITKIBKH, AK1 Kiacu(]iKoBaHi 32 piBHEM pETHHOIATII.
BoHu yacTto BUKOPHCTOBYIOTHCS ISl Bajifallii anroputmiB kiaacudikamii cramaii JIP

[74].
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Indian Diabetic Retinopathy Image Dataset (IDRiD) € crnienianizoBaHoro 0a3010, sika
MICTUTbh, $K 300pa)K€HHS OYHOIO JIHA, TAaK 1 CErMEHTOBaHI MACKH MaTOJIOTii
(MiKpoaHEBpHU3M, KPOBOBWIMBIB, eKcynaTiB). JlocTym 10 Takux 300pa)keHb OYHOIO
JTHA CIIpUSIE PO3BUTKY aJTOPUTMIB cerMeHTarlii [75].
APTOS blindness detection dataset - onHa 3 HaWMOUIBIIMX MYOIIYHO TOCTYIHHUX
BIIKpUTUX 0a3, sika BKJIIOYAE THUCAYl 300pa)keHb CITKIBKM OKa Pi3HOI gkocti. Lleit
HaOlp OyB BUKOPUCTAHWUU JUIsI CTUMYJISIII pO3pOOKH anroputmiB miarHoCTHKA JIP
[76].
baza manux E-ophtha pokycyeThcs Ha aHOTAIlii NMATOJIOTIYHMX CTPYKTYp, TaKHX SK
eKCylIaTh Ta MIKPOAHEBpH3MHU. BoOHA MIMPOKO BUKOPHUCTOBYETHCS IS CTBOPCHHS
MOJIEJICH JIJIsi TOYHOTO BHSBJIECHHS OKpemux enemeHTiB JIP [77].
baza nanux The Digital Retinal Images for Vessel Extraction (DRIVE) - ue 6a3a
JaHuX, sika MICTUTh 40 KOJILOPOBUX 300pakeHb JJisi HaBuaHHs Ta 20 300pakeHb s
TecTyBaHHs. BoHa Oyia CTBOpeHa CreriaabHO JUIsl CeTMEHTAIlli KPOBOHOCHHUX CY/IWH,
aJie TaKO)K BUKOPUCTOBYETHCS JJII BUSBJICHHS N1a0€TUYHOI peTHHOMATIi. 3aBasKu il
YITKAM aHOTALisIM 1 KOMITAKTHOMY po3Mipy, DRIVE € onHi€ro 3 HalMOMMpEeHIux 0a3
JUISL JOCHIKEeHB Y Trajy3i 00poOku 300pakeHs [78].
baza nmanux Structured Analysis of the Retina (STARE) mictuth 400 300pakeHb
O4YyHOro JHa, 3 sAkuX &1 Mae o3Haku [1abeTM4HOi peruHomnarii. baza ngaHux
BUKOPUCTOBYETHCS ISl PI3HOMAHITHUX 3aja4, 30KpeMa i TOC1KEHHS 11a0eTUYHO1
pETUHOIMATIi, CerMeHTaIlli KpOBOHOCHUX CyAuH 1 Kiacudikarlii marosoriid. Bennka
KUIBKICTh TATOJOTIYHUX 300paxeHb poOuTh STARE BaXJIIMBUM 1HCTPYMEHTOM IS
CTBOPCHHS MOJICNICH, 3JaTHUX BUSIBJISITH TOHKI CTPYKTYPHI 3MiHH [79].
baza mamux High Resolution Fundus Dataset (HRF) BKI04a€ BHUCOKOSKICHI
300paK€HHS OYHOTrO JHa, SKI MOXHAa BHUKOPUCTOBYBaTHM Il CErMEHTAaIlli
KPOBOHOCHMX CYAMH 1 BUSIBJIEHHS IMATOJIOT1H. 3aBAsIKU BUCOKIM PO3IIIbHIN 34aTHOCTI,
HRF crnpusie po3poOiii  anrOpuTMiB, OPIEHTOBAHMX HA BUSBIEHHS ApPiOHUX

CTPYKTYpHHX 3MiH y CITKIBII [80].
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Kpim crangapTHUX KOJIBOPOBUX 300pa)K€Hb CITKIBKH, Cy4YacCHI PENo3UTOpii 4acTo
BKJIIOYAIOTh MYJIBTHUMOJAAJIbHI JaHl, Taki K ONTHUYHA KOTepeHTHa ToMorpadis 1
dmroopeciieHTHa aHriorpadis. [uTerpamis 1UX JpKEpeN JAaHUX JI03BOJSE PO3POOIATH
aJITOPUTMH, K1 BPAXOBYIOTh CTPYKTYpPHI Ta (PYHKI[IOHAJIbHI 3MIHM CITKIBKH, 3a0€3Meuyoun
MOIIIe PO3yMIHHS CTaHy HallieHTa.

[lonpu uMCIEHHI MepeBard BUKOPUCTAHHS PEMO3UTOPIiB IUPPOBUX 300pakeHb
CITKIBKHA JUIsl pO3pOOKM METOAIB JIarHOCTHKM A1a0eTUYHOI pEeTHHONATIi, ICHYIOTh HH3Ka
BUKJIMKIB, SIKI OOMEXYIOTh IXHIO e(deKTHBHICTh. OAHIEI0 3 KIIOUOBUX MpPOOIEM €
OJHOPIAHICT, JaHWX. SIKICTh 300pakeHb TaKOXK € CYTTEBUM Oap’€poM, OCKIIbBKH
BapiaTUBHICTh Yy PO3UIbHIM 3JaTHOCTI, OCBITJCHHI Ta KOHTPACTHOCTI MOXE 3HUKYBaTH
TOYHICTh MOJIeJIed Ta BUKJIMKATH TPYAHOII 3 aHaidizoM. ETWYHI acmekTw BiIirparoTh
BOXJIMBY pOJIb Yy BUKOPUCTAHHI [HMX 0a3 JaHUX: HEOOXIJHO 3a0e3MEeUuTH 3aXUCT
MEePCOHANBHUX JaHUX TMAIl€HTIB, a TaKOX JIOTPUMAHHSI YWUHHOTO 3aKOHO/IABCTBA IIOJ0
KoH(iIeHIiHHOCTI Ta Oe3meku iHopmariii. Ili BUKIMKKM MOTPEOYIOTh KOMILJIEKCHOTO
MIIXOAY JJIS X BUPIMICHHS 3 METOI0 3a0e3MeueHHs] €(PeKTUBHOCTI Ta HaJIMHOCTI CUCTEM

IarHOCTHUKHU.

1.6 He30anaHcoBaHICTh JaHUX Yy Pi3HUX KJacax Npu molOynoBi Mogesiei
MAIIMHHOTO HABYAHHS

Hes0anancoBaHICTh JaHMX Yy PI3HUX Kiacax Mpu noOyaoBI MOAENIEed MalluHHOTO
HaBYaHHS YacTO 3YMOBIIIOE BHKPHUBICHHS pE3y/IbTAaTiB MAlIMHHOTO HAaBYaHHS, OCKUIBKH
MOJIEJIi TIepeBaXHO (POPMYIOTH TTPOTHO3 HA OCHOBI JOMIHAHTHOTO KJIACY, ITHOPYIOUH MEHIII
MOIIMPEH], ajieé KJIIHIYHO BaXJIMBI maTojiorii. Taka cuTyalisi COpUYHUHSIE HEAOOLIHIOBAHHS
PIIKICHUX BHMAJAKIB 1 3HAYHO 3HMKYE C€(EKTUBHICTH JIarHOCTHUKH, OCKUIBKHM ITOMHJIKA
JPYTOTO POy, 32 SIKOi MOJENb MPOITYCKA€e 3aXBOPIOBAHHS, MOKE MaTH BKpall HECTIPUSATIHBI
Haciaku [81].

Tpanumiitna MeTpuka TOYHOCTI (aHII. accuracy) [82] B yMoBax 3HaA4HOI IepeBaru

OJTHOTO Kjacy He BigoOpaxkae (GaKTUUHY 3aTHICTh CHUCTEMHU BUSIBIISITU HEMOIIUPEHi
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natoJiorii. ToMy JIOIIJILHO 3aCTOCOBYBaTH METPUKY MOBHOTH (aHr1. Recall), TounocTi (aHr.
Precision) [83], nmokaznuka F1 [84], ROC-AUC [85] un PR-AUC [86], siki BKa3yOTh Ha
peabHy 3/1aTHICTh MOJIEI PO3PI3HATH KJIACH, 0COOJIMBO 32 HASBHOCTI HEBEJIMKOI KUJIBKOCTI
NPUKIQAIB  JJIS [aTOJOTIYHOTO CTaHy. BHWKOPUCTaHHS TaKHMX METPUK TiABHUIIYE
1H()OPMATHUBHICTH OIIHIOBaHHS Ta 3a0e3medye KOHTPOJIb HaJ KPUTHUYHUMHU, 3 TOYKU 30Dy
MEIUIMHU, TOMUIIKAMHU.

® TP - KIIBKICTh ICTHHHO IMO3UTHBHUX BUITAIKIB,
e FP - kiIbKicTh XMOHO MO3UTUBHUX BUIAJKIB,

e FN - kiIbpKICTh XMOHO HEraTUBHUX BUITAJIKIB:

Precision = I _
~ TP+FP’
TP
Recall = —pimw
F = . _Precision X Recall
1 Precision + Recall ’

ne Precision moka3ye, sIKy 4acTKy cepeln nepeadadeHuX, K MO3WTHUBHI BUMAAKHU, CIIPaBIi
CKJIaJal0Th MO3WTHMBHI  BUnagku. Recall BuUMIproe, Ky 4YacTKy ICTUHHO IO3UTUBHUX
MPUKIIAAIB OyJI0 YCIIIIHO BUSBIEHO.

Jliisa ycyHeHHs1 ipoOieMu He30alaHCOBAHOCTI KITBKOCTI JAHUX Y PI3HUX KJlacax Mpu
noOy0B1 MoJieel MallIMHHOTO HaBYaHHS BUKOPUCTOBYIOTh METO/IM 30UJIbIIEHHS KiJIBKOCTI

MPUKIIAJIIB Y MEHII npecTaBieHux kinacax (Puc.9) [87].
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Puc. 9 Tlpuxinan 301bIIEHHS KUTBKOCTI TPUKJIAAIB 32 JJOTIOMOTOIO OTepalliii ayrMeHTallii:

o0epTaHHsl, 3CyBy Ta MaciITaOyBaHHs [8§]

[{i MeToau 30UTBIIYIOTH OOCST MEHII MPE/ICTaBICHUX KJIAciB 0€3 3MEHIICHHS 00CATY
JIOMIHAHTHOTO Kiacy. BomHouac HajMipHa ayrMeHTallis MOXKE COPUYUHUTH NEpEeHABYAHHS,
TOMY PEKOMEHIYETbCSI JOTPUMYBATHUCA TMOMIPHOCTI y TeHeparili HoOBHX 3pas3kiB. Jlo
3MEHILIEHHS MPUKIIAIIB OUIbII YKCENbHOIrO Kiacy (aHmi. undersampling), BAarOThCS pijlie,
OCKUIBKM 1€ 3MEHIIye 3arajbHuii 00ciar HapyanpHux ganux. I{o6 30epertu
pEeNpe3eHTaTUBHICTh, YaCTO BUKOPUCTOBYIOTH AJTOPUTMH KJIacTEepHU3allii 3a JOTMOMOTOI0
AKUX M1I0MPatOTh HAaHOUIbII TUIIOBI 3Pa3KU.

Ha piBHI Mozeneit HEHPOHHUX MEPEK JOBOJI1 TIOMIMPEHUM € 3aCTOCYBAaHHSI Bar KJIaciB,
KOJIU TIOMHWJIKA Ha MEHII MPEJCTABICHOMY Kjaci mae Oulbinly Bary y ¢yHkiii Brpar. Lle
cipusie OUIbII 1HTEHCMBHOMY HABYaHHIO Ha PIAKICHUX BHUMNAJAKaX Ta MOCHIIIOE (POKYC
CUCTEMU Ha MaToJIOT1sX.

AHaNOTYHUM MAXIJ NIPONOHY€E HaBYaHHS 3 (POKyCOM Ha BTparax (aHIu. cost-sensitive
learning) [89], me mommika ISl Pi3HHUX Map “CHpaBXHIN Kac - mependadyeHuii Kiac” Mae

pI3HY BapTicTh. BHCOKY MNpOAYKTHUBHICTH y 3ajadax poOOTH 3 BHOIpKamMu 300pakeHb 13
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CWIbHUM JaHMCOalaHCOM JEMOHCTpYe TMiaXia BpaxyBaHHS (okanpHux Brpar [90], nae
JOJATKOBHM KOE(ILIEHT 3MEHIIY€E BIUIMB MOIIMPEHHUX Ta JIETKUX JUIsl Kiacu(iKallii BUIAIKIB
1 IOCWIIIOE POJIb «BAXKKUX» - PIAKICHUX UM CKJIAJIHUX IS Kiacudikariii 3pa3KiB.
KomrmiekcHe moeTHaHHS 3a3HAYE€HUX METOJIIB - ayTMEHTAIli JaHUX 13 BUKOPUCTAHHIM
Bar KJaciB abo (hOKaIbHUX BTpAT, a TAKOXK 30alaHCOBAHUX IO KJIacax HAOOPIB JaHUX HAJA€e
3MOT'Y TMOKPAIIUTH MOKA3HUKU MOJENl MAallMHHOTO HaBuaHHA. EMIIpuUYHI JOCHIHKEHHS,
30Kpema JIOCIKEHHS 1010 He30allaHCOBAHOCTI KJaciB [91] cBiuaThk, 1110 came o€ THAHHS
M1IXO/1IB HafUacTiIle Aa€ Kpailll pe3yabTaTu, Hi’K BUKOPUCTAHHSI SIKOTOCh OHOTO METOTY.
Kito4oBUM €1eMEeHTOM 3aJIMIIAETHCS BIANOBIAHA BaJllJallisd: IPU aHaAJI31 pe3ysIbTariB
JOLUTFHO PO3MISAAATH MaTPULII0 HETOUYHOCTEH, po3paxoByBaTu Recall, Precision 1 F1-score
JUTsl KOKHOTO Kiacy, a Takox oriHtoBatn kpuBi ROC-AUC 1 PR-AUC, ne ROC-AUC
(momia miA KPUBOK) € TOKAa3HMKOM, IO BiJI0Opa)kae 3arajbHy SKICTh OIHApHOTO
kiacudikaropa s PI3HUX 3HAYCHb TOpOra MPUUHATTSA pilmieHHsS. B OCHOBY #oro
po3paxyHky 3aknaneHo 0ynoBy ROC - kpuBoi y mpocTopi ICTUHHO MO3UTUBHUX PE3YJbTaTIB

(“True Positive Rate (TPR)”) mpotu xubHo no3utuBHux pe3ynsrariB (“False Positive Rate

(FPR)”) (Puc.10) [92].

10
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[Tnomra mijx kpuBorO yHI(iIKYye Uy TIMBICTh (aHIII. sensitivity) Ta crenuiuHiCTh (aHTII.
specificity) [93] y enuny uncinoBy meTpuky. 3HaueHHs: ROC-AUC konuBaeThCs B J1ana3oHi
[0.5, 1], ne 1 cBiAUUTH TPO 1A€aNIbHY 3[AaTHICTh PO3PI3HATH TMO3UTHBHI Ta HEraTWBHI
BUNaAKy, a 0.5 BIAMOBIa€ PiBHIO BUIIAIKOBOTO BralyBaHHSI.

PR-AUC (anrn. Precision-Recall - Area Under the Curve) BigoOpakae 31aTHICTH
Kjacuikaropa OJIHOYACHO MIATPUMYBATH BUCOKI MOKa3HUKU TOYHOCTI Ta MOBHOTU. BoHa
IPYHTYy€eTbCsl Ha noOynoB1 PR-kpuBoi, 1m0 300paxye 3minu Precision 3anexHo Big Recall 3a
pi3HHMX moporoBux 3HadeHb. [Inoma mig kpuBoto PR (anmi. PR-AUC) € Ouibin moka3oBo0
32 YMOBH CyTT€BOi HE30a71aHCOBAHOCTI KIJIBKOCTI JaHUX Yy PI3HHUX KJIacaX HABYAJIBHOIO Ta
TECTYBaJILHOTO HA0OpIB JaHMX a00 KOMM MPIOPUTETOM € 3HIDKECHHS YacTKH XHUOHO
MO3UTUBHUX YU XMOHO HEraTWBHUX MporHo3iB. Bucoke 3HauenHns PR-AUC curnanizye npo
XOpOUIYy 3aTHICTh YHUKATH MPOMYCKY PIJIKICHUX, ajle KPUTUYHUX BUIIAJIKIB, 10 BAKIUBO Y
MEIMYHUX 3a/1a4ax [94].

3aranoM, y MEIWYHUX 3aCTOCYBaHHSAX OCOOJIMBO BaXKJIMBO 3a0€3MEUUTH BHUCOKE
3HAYEHHS IOKAa3HUKAa TOBHOTU I PIJAKICHOIO KJACy, OCKIIbKHM ITHOPYBaHHS MAaTOJOTIi

MPU3BOIUTH JI0 3aTPO3HU 3/I0POB 0 Ta KUTTIO MAII€HTIB.

1.7 Anaui3 3acTOCyBaHHSI MeTOiB INIHOOKOT0 HABYAHHS /10 3a/1a4i Kaacupikamii
300pakeHb OYHOI0 JHA VISl BUSIBJICHHS Aia0eTUYHOI peTHHONATII

CydacHi miaXogud A0 J1arHOCTUKUA J[P BUKOpUCTOBYIOTH alrOpUTMH MAIIMHHOTO
HABYaHHS Ta TIMOOKOTO HAaBYAHHS JIJIS aHaJi3y 300pakeHb CITKIBKM OKa, OTPUMAaHUX 32
JIOTIOMOTOI0  O()TAJIBMOCKOTIIi, 110 JJO3BOJISIE MIABUIIUTA TOYHICTh 1 aBTOMATHU3yBaTH
MPOLECH A1aTHOCTHUKH.

Heliponni Mepexi - Iie ajJropuTMH MAIIMHHOTO HaBYaHHS, IO CKJIAAlOThCS 3
B32€MOIIOB'SI3aHUX MITYYHUX HEUPOHIB, iK1 00poOistoTh iHPopMmalito [95]. KoxeH HelipoH
OTpUMY€E BXI1JIHI JIaHi, BUKOHY€ HEJIHIMHY OMNEpaIliio Ta Mepeaae pe3yabTaT HACTYITHOMY
Helipony. LI HeilpoHM opraHi3oBaHI B IIapH, JI¢ JaHI MPOXOJAATH BiJl BXIJHOTO Iapy A0

BUXIJTHOTO 4Yepe3 MPOMDKHI MpuxoBaHl mapu. HelpoHHI Mepexl 34aTHI HaBYaTHUCA Ha
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OCHOBI JOCTYIHUX JaHUX MUISXOM HaJalllTyBaHHS CBOiX MapamMeTpiB 1 Bar s
ONITHUMAJIbHOTO BHWKOHAHHSA TI€BHUX 3aBlaHb, TaKWX 5K PpO3Mi3HABaHHS 300paKeHb,
Kiacudikaiis 91 mMporHo3yBaHHS.

Helipoun € ocHOBHMUMHU OyAiBeIbHUMHU OJIOKAMU HEUPOHHUX Mepex. Bonu
OTPUMYIOTh BXiJHI J1aHi, MHOXKaTh 1X Ha BaroBi KOC(IIIEHTH Ta MEPENA0Th PE3yIbTaT 10
¢dbynkiii aktuBarii. KoskeH HeHWpoH 3a3BUYali Mae€ CBOE 3HAYCHHS aKTHUBAIIll, SIKE BH3HAUa€
CUTHaJ, 10 MEPEAAEThCs 10 HACTYNMHOro HedWpoHa. Baru € 4uMcliOBUMHU 3HAYEHHSIMH, SIKI
3'€IHYIOTh HEUPOHM MDK CO00I0; KOXKHE 3'€THAHHS Ma€ CBOIO Bary, IO BKa3zye Ha
BAXJIMBICTh I[LOTO 3'€IHAHHS Il OTPUMaHHS BUXIAHOTO pe3yibrary. Barosi koedilieHTH
BIUTMBAIOTh HA BHECOK KOXKHOTO HEWPOHA B 3arajbHUI pE3yabTaT MEpeki Ta MOXYTh
3MIHIOBATHCS 111 Yac HaBYaHHS [96].

dyHKIIT aKkTUBallli BU3HAYAIOTh BUXIJIHUN CUTHAJl HEMpOHAa HA OCHOBI BXIJHUX
JAHUX, OTPUMaHUX BiJ TOMEPENHIX HEHpoHiB. BOHW BBOIATH HEMHIMHICTH y HEWPOHHI
Mepexi, 110 J03BOJISIE IM MOJICNTFOBATH CKJIAHI 3aJIeKHOCTI Mk JaHUMU. HelpoHHi Mepexi
HABYAIOTHCS, HAJAIITOBYIOUM Bard Ha OCHOBI NMOCTYmMHHMX naHuX. Llei mporiec BKItO9ae
nojiady BXIIHMX JaHUX JO0 MEpexXi, OOYMCICHHS TMOMUJIKA MK TNPOTHO30BAHUMH Ta
(baKTUYHUMHU pE3yabTaTaMM, a TAKOXK KOPUTYBaHHS Bar AJisl MiHIMi3auii i€l moMuiku [97].

[Ipomec mepenayi maHWX BiJ BXIAHOTO IIapy 4Yepe3 MPHUXOBAHI MIAPH 10 BUX1THOTO
niapy Ha3WBa€ThCA TMPSMHUM TOIIMPEHHSM. BXigH1 JgaHi MHOXATbCs Ha Bard Ta
00poOIsIIOTECA Yepe3 (YHKIIT akTUBAUli I OTPUMAaHHS BHUXIJHOTO PE3YyIbTAaTy MEPEXI.
3BOPOTHE TMOUIUPEHHS BUKOPUCTOBYETHCA [IJI1 OHOBJIEHHS Bar HEWPOHIB Ha OCHOBI
OTpUMaHOT TOMMJIKH. [IOMHMIIKa TOMUPIOETHCSA BiJ BUXITHOTO IIapy Ha3aJ JI0 BXIiJTHOTO,
KOPUTYIOUM Bard BIJMOBIHO 10 Tpaai€eHTa MOMIIKH. [{eif mporiec mOBTOPIOETHCS, TOKU HE
Oy/ie TOCATHYTO ONTUMAJIBHOTO pe3yibTary HaBuyaHHS [98].

HeiiponHi Mepexi € MIIMHOXHHOIO MAIIMHHOTO HAaBYaHHS 1 JIeKaTb B OCHOBI
aNITOPUTMIB TJIMOOKOTO HaBYaHHS. BOHU CKIafaroThCA 3 MIApiB BY3JiB, SKI BKIIOYAIOTh
BXIJTHUM I1ap, oJuH ab0 KijbKa MPUXOBaHMX ImapiB Ta Buxiguui map (Puc. 11). Koxen

By30J1 3'€JHAHUN 3 1HIIMM 1 Ma€ MOB'3aHI 3 HUM Bary Ta MOPIr 3Ha4€Hb. SKIO BUXiA
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OyIb-sIKOTO OKPEMOT0 By3Jla TMEPEBUIIYE 3aJaHe TOPOTOBE 3HAYEHHS, LEH By30I
aKTUBYETHCS, MEPEAAOUN JaHl 10 HACTYIHOIO 1apy Mepexi. B 1HmoMy BUMajaKy JaHl He
NEepeatoThCs 10 HACTYIHOTO 1apy.

[cHYIOTH pI3HI TUIIM HEMPOHHUX MEPEXK, Kl BUKOPUCTOBYIOTHCS JUIsl PI3HUX 3ajad 1
TUMIB JNaHux. Hampukimanm, 3ropTKOBI HEMPOHHI MEpEXi YacTillle BUKOPHUCTOBYIOTBHCS IS
kiacugikamii Ta 3ama4 komm'torepHoro 3opy. JJo nossu 3HM nansa BuzHaueHHs 00'€KTiB Ha
300pa)KEHHSAX 3aCTOCOBYBAJIM HEABTOMATUM30BaHI M TPYAOMICTKI METOAM BUJIJICHHS O3HAK
[98], Taki sk METOAM Ha OCHOBI TEKCTYPHHUX Ta TEOMETPUYHUX O3HAK Ta 1HIII. 3aCTOCYBaHHS
3TOPTKOBUX HEUPOHHUX MEPEXK JI03BOJIIE OTPUMATHU OUIBIN MaciITaOOBaHE PIIICHHS s
3amad kiacugikaimii 300paxkeHb 1 po3Mi3HABaHHS 00'€KTiB, BUKOPHUCTOBYIOUM MPUHIIUIHU
JIHIMHOT anreOpu, 30KpeMa MHOXKCHHS MaTpHIlb, JJIs1 BHSABJICHHS IMaTEPHIB y 300pa’KCHHI.
BoaHoyac BOHM MOXYTh OyTH OOYMCIIOBAJbHO BUMOINIMBUMH, MOTPEOYIOUM TrpadiuyHUX

MPOLIECOPIB ISl TPEHYBAHHS MOJIETICH.

Wap
3ropTKoBuWiA Wap MakKCUManbHOr0 [oBHO3B'A3HMI wap
06'eilHaHHA
BxigHwWi wap
BuxigHnia wap
N N
Fd Fd

Puc 11. biok-cxema apxiTeKTypu 3rOpTKOBOT HEHPOHHOT MEpexKi
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3ropTKOB1I HEMPOHHI MEpPEXi CTald OCHOBOI OUIBIIOCTI CyYaCHHX MOJENeH s
BusBieHHs JIP. Hanpuknan, y nocnipkensi [ yavuwana [99] 0ya0 BUKOPUCTAHO apXiTEKTYpy
Inception-v3 mist aBromarm3ainii giarHocTukd JIP Ha OCHOBI 300pa)keHb OYHOTO JIHA, IO
JO3BOJIMJIO  IOCSTTA TOYHOCTI 97% y pealbHUX KIIHIYHUX YMOBax. ApXITEKTypa
Inception-v3 moeaHye 3ropTKOBI Mapu Pi3HOTO MaciTaly, Mo 3a0e3neduye Kpamuid aHami3
cTpykTyp 1 neraneir. 3HM, 1o 3acTocoByIOTBCS ISl JIETEKIlli Ala0eTHYHOI peTHHOMmATIl
CKJIQJAIOThCS 3 KUTBKOX IIapiB, IO JO3BOJISIE HANPHKIAA, PO3Mi3HABATH MiIKPOAHEBPU3MH,
KPOBOBWJIMBM Ta IHINI XapaKTepHI pUCH, SKi BKazyioTh Ha JIP, 1 wiacudikyBatu cramii
3axBoptoBaHHd. 3HM 37atHi 0OpoONsTH BENMKI OOCATH JaHUX Ta 3a0e3medyBaTH BUCOKY
touHicTh miarHoctuku [100]. TomoBHoro mepeBaroro 3HM € iX 3maTHICTH BHSIBISITH

IIPOCTOPOBI 3aJICKHOCTI Y JaHUX Yepe3 3rOPTKOBI OIepaliii:

M—-1N-1
Sx,y) = Y Y X(x+m,y+n)-K@mn),

m=0n=0

ne S(x,y) - 3HaueHHs1 BUXigHOTO Tikcens y Toumi (x,y), X(x + m, y + n) - 3HaueHHS
HiKcelss BXIIHOrOo 300paxeHHs y Toull (x + m, y + n), K(m,n) - 3HaueHHs QuibTpa y
toutti (m, n), M x N - po3mip siipa 3TOPTKH.

Apxitektypa 3HM cknagaerbcsi 3 KUIBKOX THIIIB IIAPiB, KOXKEH 3 SKUX BHUKOHYE
cneuudiuyHy (QyHKII0. 3rOPTKOBUHN IIap € OCHOBHUM Oy/IBEJIbHUM OJOKOM 1 BUKOHYE
omnepaitito 3roptku [101], 3acTocoByroun GinbTpH (sapa 3ropTKU) A0 BXITHOTO 300paKEeHHSI,
BUJIUJISIFOYM JIOKAJIbHI O3HAKM, Taki K Kpai, TekcTypu abo xoHTypu [102]. Ilap axtusarii
BUKOPHCTOBY€E HeMiHIWHI (PyHKIIT akTuBamii, Taki sk BunpsmieHHs (anri. ReLU) [103],
curmoifanbHy (QyHkiito [104] abo TaHreHc, MO0 AOJAATH HEIIHIMHICTH JO MOJENI, IO
J03BOJISIE 1 MOAemoBaTh CKiajgHi 3aiexHocti. lap o0’egHaHHS 3MEHILye po3MIp
MPOCTOPOBUX JAaHUX IUISXOM arperyBaHHs 1HPOpMAIIli 3 TOKaTbHUX 00JIacTeH, 1110 3MEHIITY€E
OOYMCITIOBAJIBHY CKJIQJHICTH 1 BUAUISE BaxksuBl o3Haku [105]. KpiM Toro, map Hopmamizanii

cTalLIi3ye HaBUYaHHS Ta 3amo0irae mepeHaBYaHHIO0, HOPMaJi3yIOun BX1/IHI JaH1 A7 KOKHOTO
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mapy [106]. IloBHO3B sI3HMI 1Iap BHUKOPUCTOBYETHCS i (iHAIBHOI Kiacudikallii micius
BUTATHEHHSI O3HAK, arperyroud 1H(GOpMaliio JUisl TPUAHATTS pIIIEHHS, TOAl K BUXIJIHHUM
map 3abesneuye (¢iHaANBbHY KiIacudikaiiro ado MPOTHO3, BUKOPUCTOBYIOUM (PyHKIIIT
aKTHUBAIlli, Taki K copTMakc abo curmoiganbHa pyHkiis [107].

Ha xokxHOMY piBHI i€epapXii Mepexa BHAUISE Ieal CKIQTHINT O3HAKU CITKIBKH OKa.
[lepmmii 3ropTKOBUI IIap BU3HAYA€ HU3BKOPIBHEBI O3HAKHU, HANPUKIAA, Kpai, TOAl SK
HACTYIHI IIapyu BUSBJISAIOTH OUIbII CKIIAJHI CTPYKTYpH, Takl ik (opmu abo Tekctypu. Y
GbiHaNBPHUX IIapaX Mepeka po3IMi3HAa€ BUCOKOPIBHEBI NAaTepHU, HAMPHUKIAJ, KOHKPETHI
00’€KTH Y1 MaTOJIOT1YH1 3MiHHU.

Bxingne 300paskeHHSI MEPETBOPIOETHCS HA YHMCIOBHM MacHuB (TEH30D), 1 KOXKEH IIap
3HM BuKOHYy€ TIEBHI MEPETBOPEHHsS TEH30pa JUIsl BUAUICHHS HOBUX O3HaK. [IpocToposi
pO3MIpH JaHUX MOCTYNOBO 3MEHUIYIOThCS 3aBIsAKHM onepauii mymaiHry (anm. Pooling) -
3MEHIIIEHHS PO3MIPHOCTI OTPUMAHOTO TIPEJCTABICHHS AaHAII30BAaHOTO 300pa)KeHHS,
CIPUSIOUN y3arajJbHEHHIO 1 3MEHIIEHHIO KIJBKOCTI TMapaMeTpiB, ajie KiIbKICTh KaHaIB
(binpTpiB) 3pocTae s 30epekeHHs aetanbHoi iHpopmaritii. Ile no3onsie 3HM edexktruBHO
00poOIIATH CKIaAH1 300pakeHHs, Takl K Meau4dHi 3HIMKH [ 108].

Hapuanns 3HM 31ilcHIOETBCS 32 TONOMOIOI0 alITOPUTMIB 3BOPOTHOTO MOIIUPEHHS
nommiku (aHT1. backpropagation) ta rpagientHoro crycky (anm. Gradient Descent) [109].
[lix yac HaBYaHHS METOIO € MIHIMI3yBaTH (PYHKIIIIO BTpAT, HAIIPHUKJIAJ, KPOC-CHTPOITi0 abo
CEpeIHbOKBAIPAaTUYHY TMOMUJIKY, OHOBJIIOIOUM TapaMmeTpu (Baru (QUIBTPIB), 100
3a0e31meunTH O1TBITY TOUHICTH Moaeni [110].

VY MenmuuHMX 3ajaudax, TaKuX SK aHalli3 300pakeHb CITKIBKM oka, 3HM ycmimHo
BUKOPHCTOBYIOTHCS [IJISl BHSIBJICHHS TATOJOTIYHUX O3HAK, HAMPUKIIAJT, MIKPOAHEBPH3M Ta
KPOBOBHWJIMBIB, a TakKoX I Kiacudikaiii cTajaii 3aXBOpIOBaHb, TaKUX sIK Jia0eTH4YHA
peruHomnarid. [{e m03Bosisie aBTOMaTU3yBaTH MPOLIEC M1arHOCTUKHU Ta MIJBUIIUTH 11 TOUYHICTh
[111]. Cepen HalBimOMIMKX apXiTEKTyp, SKI 3aCTOCOBYIOTHCS IS WX 3a/1a4, MOXKHA
Buauutn ResNet [112], VGG (meliponHa wmepexa pospobOsena [pymor BizyanbHoi

I'eomeTtpii 3 Oxchopacekoro yHiBepcutery) [113], a Takoxk cyudacHi Moaudikailii Takux
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apxitektyp, sk EfficientNet [114] Ta DenseNet [115], mo 3a0e3neqyroTh BUCOKY TOYHICTh
KJacudikamnii 3aBISKH CBOIM 31aTHOCTI MPALFOBATH 3 BEIUKUMH 0OCSATaMH TaHUX 1 BUSABIIATH
CKJIaJHI TaTepHU B 300pakeHHSIX. 30KpeMa B JIOCTIIPKeHHI, BUKOHaHOMY Kermany Ta
ciniBaBT. [116] Oyno 3actocoBano ResNet ta InceptionNet myist 3aBgaHHsS J1arHOCTHUKH
niabeTHYHO1 peTWHOomaTii Ta HAaOpsAKy Makyiau. B 3amadi po3mi3HaBaHHS JBOX KJIACiB
pe3yapTaTd MOZENl TOKa3aldu BHCOKY uymuBiCTh (98%) 1 cnenudiunicts (96%),
JEMOHCTPYIOUHM 11 MOTEHLIaJ AJIs IHTEerpallil y KIIIHIYHY IPAKTHKY.

Apxitektypa VGG, 3anpononoBana y 2014 porii, 3700y5ma NOMyJISPHICT 3aBISKH
npocToTi Ta HanaiiHocTi. Apxitektypa VGG 0a3yeTbCsi Ha BUKOPUCTAHHI IIIMOOKHUX
3TOPTKOBUX HEHPOHHUX MepeX 13 (PIKCOBaHMMHU pPO3MIpaMU 3TOPTKOBUX (PUIBTPIB
(mepeBaxkHo 3%3) uIsi MOCTYNOBOTO BHWJIYYEHHS O3HAK 13 300paxkeHHs. KirouoBum
NPUHLIUAIIOM € 30UIbIICHHS DIMOMHM Mepexl Il JTOCATHEHHS BHCOKOI TOYHOCTI MpHU
kiacu@ikaiii 300pakeHb. BUKOpHCTaHHS HEBENUKHX 3TOPTKOBUX (GiIbTpiB 3%3 M03BOIISE
MOJIel Kpallle BUIUISTH JIOKaJIbHI MPOCTOPOBI O3HAKH, a 3aCTOCYBAaHHS KIJIBKOX TaKUX
mapiB 3a0e3rnedyye MUpIIy pelenTUBHY O0NACTh, CXO0XKY Ha €(eKT BijJ BENUKUX (UIBTPIB,
ajie 3 MEHIIO KIIBKICTIO TapaMeTpiB.

KinbKicTh KaHaiB Ha KO)KHOMY €Tall MOCTYMOBO 30UIbLIYETHCS, MOYMHAIOUU 3 64 1
noxomstan 0 512 y mi3Hix mapax. lle mo3Bossie BUAUIATH Aemaiii CKIAIHINI O3HAKK Ha
KO)KHOMY piBHI THOWHU. J[7s 3MEHIIEHHS PO3MIPHOCTI BXIAHUX JaHUX Ta 30epiraHHs
KJIFOUOBOi 1HQOpMaIlii BHUKOPUCTOBYETHCS OIEpallisi MaKCUMaJbHOTO OO0 ’€qHaHHA 13
bineTpoM po3mipoM 2X2 1 kpokoMm 2. lle Takox mgomomMara€ 3HH3UTH OOYHCIIOBAIBHY
CKJIQJHICTh 1 3p0OUTH MOJIEh 1HBAPIAHTHOO 0 HEBEIMKHUX 3CYBIB 300paxKeHHSI.

Ha Buxomi HeliponHoi wmepexi 3 apxiTektyporo VGG 3HaxomsaThCs KUTbKa
MOBHO3B SI3HUX IapiB, SKi TEPETBOPIOIOTh BHUIIJICHI O3HAKM Ha (IHATBHUN BEKTOP.
3aBepmianbHuid map 13 (QyHkiiewo codprmakc (HOpMOBaHA EKCIOHEHIlaIbHA (DYHKITsS)
3abe3neuye kimacu(ikaiito Ha TMOTPIOHY KUIBKICTh Kateropil. [ns yHnidikamii Bcix
300pakeHb TIepes] iX MoJauero A0 MEpPEki BOHUM HOPMAII3YIOThCS 10 po3Mipy 224x224

nikceniB. Takuil miaxin 3abe3neuye cTabUIBHICTD 1 MPOCTOTY 00poOku ganux [117].
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['muboxka apxitexktypa VGG 103BoJIsI€ OTPUMYBAaTH BUCOKOPIBHEBI O3HAKH, 1[0 3HAYHO
MOKpally€e NpOAYKTHBHICTh y 3ajadax kiacudikamii 300paxkeHb. BogHouac ii cTpykTypa
BIJIPI3HSIETHCSI TIPOCTOTOI0 Ta MOIYJIBHICTIO, IO CHpHS€ il MIMPOKOMY BUKOPHUCTAHHIO,
30KpeMa B 3aJlayax INepeHeceHHs HaBuaHHs (transfer learning), mpu sikomy Mojenb,
MOTIEPEIHPO HaBUE€HA BUKOHAHHIO OTHOTO 3aBJAHHS, MEPEHAJAIITOBYETHCS AJIi BUKOHAHHS
iH1oro. OcHoBHUM HeodikoM VGG € BelMka KITBKICTh apaMeTpiB, [0 BUMAarae 3HaYHuX
OOYMCITIOBAJIBHUX PECYPCIB 1 Mam’sITl, a TAKOXK TPUBAIMM Yac HAaBYAHHS MOPIBHSHO 3 O1IbIIT
CydyacHUMHU apxitekrypamu [118].

VGG-16 (Puc.12) 1 VGG-19, sk kimacuyHi Bepcli I€E] apXiTEKTypH, 4YacTo
BUKOPUCTOBYIOTBCS IS aHAIII3y MEIUYHUX 300paKeHb, ajie BOHU MAIOTh HEJOIK y BUIVISIL
BEJIMKOi KIUIBKOCTI TMapaMmeTpiB, IO POOUTH iX MeEHII €()EKTUBHUMH 3 TOYKH 30Dy
oOuncmoBanbHUX BUTpar. OnHak VGG 1 Hajanl 3ajMIIAEThCS BAXKIUMBUM CTaHAAPTOM Y
rayy3i IMOOKOTO HAaBYAHHS 3aB/SIKM MPOCTOTI apXITEKTYpH Ta ii 3MaTHOCTI MpaIfoBaTl Ha

pPI3HOMaHITHUX Ha0Opax JaHUX.

224 x 224 x3 224 x 224 x 64

56|x 56 x 256
28 x 28 x 512

Ixrx512
14)(14):512

1x1x4096 1x1x 1000

1 @ 3ropTkoBUiA Wap + ReLU

LWap MakcumansHoro obegHaHHs
[MoBHO3B'A3HMIA Wwap + RelLU

CodpTmake

Puc 12. Apxitektypa mepexi VGG-16 [119]
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[H11a BaxnuBa apXiTeKTypa - 3ajJMIIKOBa HeiipoHHa Mepeka ResNet, 3anpononoBana
y 2015 poui. i iHHOBawLiliHA CTPYKTypa 3 BUKOPMCTAHHSM HPOMYCKHHX 3'€qHAHL (AHII.
residual connections) 703BoJiI€ BUPIMIUTH MPOOJEMY 3HUKHEHHS Tpaji€eHTa, M0 YacTo
BUHUKAE Yy MMOOKUX Mepekax. OCHOBHA 1€ MOJsSira€ y HaBYaHHI Ha PI3HULI MIX
BXITHUMHU Ta BUXIIHUMH JaHUMHU, TOOTO 3anmumikoBiii ¢yHkmii. Ile mocsraerbes nuisixom
JI0JIaBaHHs MPOMYCKHUX 3'€/THAaHb, sIKI 00XOIATh OJMH a00 KijbKa IIapiB 1 JOAOTh BXIJIHI
JaH1 6e3MocepeIHbO O BUXOY HACTYIHOTO mapy. Takuil miaxiJ noJjierurye onTuMi3auiio Ta
cTab1113y€ MpolleC HaBYaHHS HaBITh JJI MEPEX 13 COTHSAMH IIaPiB.

KarouoBuMm enemeHToM ResNet € 3aaumikoBui OJIOK, SIKUHM CKJIAJA€ThCS 3 JIBOX a0o0
TPHOX MOCIIJOBHUX 3rOPTKOBHX IIAPiB 13 GiasTpamMu po3mipom 3x3. BXinHi gaHi MPOXOAATH
yepe3 IIl IIapu, MICIS 4YOro J0 Pe3yjbTrary JONA€ThCS MOYaTKOBUM BXiJ 3a JIOTIOMOTOIO
NPOIMYCKHOrO 3'efHaHHs. L{g cyma moTiM mpoxonuTh udepe3 (YHKIII0 aKTUBallli, TaKy sK
ReLU (Puc. 13). 3aBmsku mpoMy Mepexa MoKe €(HEKTHBHO HABYATHUCS, IO CIPOIIYE
ONTUMI3AII0 Ta J03BOJsiE€ OyayBaTH TJIMOOKI MOJAENl 3 COTHSIMHU IapiB 0e3 BTpaTu
npoayktuBHOCTL. Ile pobute ResNet onHiero 3 HalleEKTUBHIIIUX apXITEKTyp AJIs
Kiacudikaii CKIaHUX MEAUYHUX 300paxeHb, TAKUX K 300paKeHHS CITKIBKH, J1€ BaXKJIMBO
BpPaxoOBYBaTH SIK I100aJIbHI, TaK 1 JJOKaJbHI 03HaKU. ResNet MMpPOKO BUKOPUCTOBYETHCS JIJIst
3aJad cerMeHrtanii Ta kiacudikamii 300paxeHb, TEMOHCTPYIOYHM BHCOKY TOUYHICTh Y
BUSIBJICHHI T1aTOJIOT1M CITKIBKH. 30Kpema Yy nociipkeHHi Abramoff ta cmiBaBr. [120]
BUKOPHMCTOBYBaJacsi aBTOHOMHa cuctemMa Ha ocHOBI ResNet-50, sika Oyna HaBueHa Ha
BEeJIMKOMY Habopi 300pakeHb. Mojenb Jocsarga BHCOKOI TOYHOCTI Yy  BHSIBICHHI
MiKpOaHEBpPH3M, KPOBOBUJIMBIB Ta IHIINUX XapaKTepHUX o3HaK J[P.

[lle omuma mpukiax - podora Sayres Ta cmiBaBT. [121], y SKiii BUKOPHUCTOBYBAJIACS
Mozienb Inception-v4 3 TemnoBor kapToro. B 3amadi po3nizHaBaHHS BOX KJIACIB, 1S MOJIEIb
nokasajna 4yTnuBicTb 97% Ta cneuudiunicts 94%, mo miATBEpIKY€E €(HEKTUBHICTDH

MIMOOKOI0 HaBYAHHS IS BUSBIIEHHS [1ATOJIOT1H CITKIBKH.
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3ropTKOBWIA LWap

|

Hopmanisauis
610Ky

|

dyHKUiA akTMBaUT

|

3ropTKOBUM Wap

|

Hopmanizauin

6noky
s—

A

ResNet 6nok

DYHKUiA akTMBaUii

Puc 13. Crpykrypa 610Ky ResNet [122]

Cepen HOBHUX apXiTEKTyp, SKI TaKOX 3aCTOCOBYIOTHCS I aHANi3y 300pakeHb
ciTkiBku oka, Bapto 3ragaru EfficientNet ta DenseNet. EfficientNet (Puc. 14),
3anporioHoBaHa y 2019 pori, nponoHye 30anaHCcOBaHUN MiaXidg [0 MacliTaOyBaHHS
MoOJIeJIel 3aBISKM BHKOPUCTAHHIO OMNTHUMI30BAHOI CTpaTerii s 30UIbIICHHS IIUPUHH,
IMOMHU Ta PO3AUIBHOI 31aTHOCTI Mepexi. Ile 103Bosisie 3MEHIIUTH KUTBKICTh MapamMeTpiB
Mozeni, 30epiraroun ii BUCOKY MpOAyKTHUBHICTB. DenseNet, 31 cBoro 00Ky, BUKOPHUCTOBYE
IIIBHI 3B'SI3KM MDK IIapaMH, 110 TIOJIETIITYE TepelaBaHHs 03HAK 1 JI03BOJISIE MEPEXkK1 Kpale
BUSIBJIATH JI€TaJll HaBITh HA PaHHIX eTanax HaB4aHHSA. OOMABI apXITEKTYpU IEMOHCTPYIOTh

BIJIMIHHI pe3yJbTaTH Ha PI3HUX MEIMYHUX HabOpax JaHWX, 30KpeMa ISl 3aJ1ad J11arHOCTHKU

JIP.
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28x28x40
28x28x24
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14x14x112
14x14%112
14x14%112
14x14x112
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224x224x3

ne MBConv - Mobile inverted Bottleneck Convolution abo
MobinbHa iHBepCcHa 6OTIHEK 3ropTka
Conv - 3ropTKoBWIA LWap

Conv 3x3
MBConvl, 3x3
MBConveé, 3x3
MBCon 6, 3x3
MBConv 6, 5x5 |
MBConv6, 5%5 |
MBConvl, 3x3
MBConvl, 3x3
MBConvl, 3x3
MBConv 6, 5x5 |
MBConv6, 5x5 |
MBConv 6, 5%5 |
MBConv6, 5x5 |
MBConv6, 5%5 |
MBConv6, 5x5 |
MBConv6, 5x5 |
MBConve, 5x5

Puc. 14 Apxitektypa mepexi EfficientNet [123]

He3Baxkatoun Ha 3Ha4HI JOCATHEHHS B rajy3l IIMOOKOTO HaBUaHHS AJsl aHAII3y
MEIMYHUX 300pa’keHb, ICHYIOTh MeBHI mpoonemu. Taki mozeni, sik ResNet 1 VGG, MoxyTh
Oyt 0OYMCIIOBaIbHO JOPOTUMH Ta BHMAarard 3HAYHUX pECypCiB Ui HABYaHHA 1
pPO3TOpTaHHs B KIIHIYHUX yMOBax. KpiM TOTO, BOHM CXWJIBHI JIO TIEpEHABYAHHS, OCOOIMBO
pu poOOTi 3 HEBETMKUMH MEIUYHUMHU HaOOpaMH JaHUX, 1110 MOTpedye AOAATKOBUX TEXHIK
perymapuzanii. ¥ Bunaaky EfficientNet Ta DenseNet 11e 4acTKOBO BUPILIYETHCS 32 PaXyHOK
30a7aHCOBAaHOTO MaclITaOyBaHHS MapamMeTpiB NIMOWHU, IMIMPUHU Ta PO3AUIBHOIT 3aTHOCTI
BXIJTHUX 300pakeHb ab0 BUKOPUCTAaHHA WIUIBHMX 3B's3KiB (aHmi. Dense connections) -
apXITeKTYpH, /1€ KOXKEH IIap Mepeae CBOi 03HAKK BCIM HAacTynmHuM mapam. DenseNet Takox
MoKaszajga BHCOKY €(EKTHUBHICTh y 3ajadax jiarHocTuku JIP 3okpeMa y ocCiigKeHHI
Tcixnaxica [124] 3aBOskyd MIUIBHUM 3B’s3kaM MK mapamu. Lle A03BONMIO TOBTOPHO
BUKOPUCTATH BUIJICHI O3HAKH, IO ITIIBHUIIMIO TOYHICTh MOJIEII, TIOTIPH OOMEKEHUN HAOIp
nanux. [IpoTte mi apXiTEKTypu BCE OAHO 3aJMINAIOTHCSA CKIAJAHUMHU IJII PO3TOPTAHHS Y

peallbHUX YMOBaX 4epe3 He0OX1IHICTh BEIMKUX 00UHCITIOBAIbHUX PECYPCIB.
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[cHyIOTB 1 1HII MAXOAW 3 BUKOPUCTAHHIM METO/IB MAIlIMHHOTO HABYaHHS, 1[0 TAKOXK
MOXYTh OyTH 3acTOCOBaHi Jyisl 1i€i 3aaadi. OJHUM 13 TaKuX METOMAIB € METOJl ONMOPHUX
BekTopiB (anmi. SVM) [125], B sxomy GyHKIIS s/ipa T03BOJISIE IEPETBOPUTH BX1/IHI JaH1 B
THIIWI POCTIp JIsl Kpaloro po3auvieHHs kiaciB. He3paxkarouu Ha te, 1o SVM nemMoHcTpye
n00pi pe3yapTaTi Ha HEBEJIMKUX HA0Opax JaHUX, BiH MOTpeOye MOMEPEIHBOTO PO3paXyHKY
O3HAaK 1 IMOCTYyNAaeThbCsl TIMOOKUM HEUPOHHUM MeEpekaMm, SKI MOXYTh aBTOMATUYHO
HABYATHCS HA CKJIATHUX MaTepHax 300pakeHb.

Meton BumagkoBoro Jicy [126] (Puc. 15) takox € meromom st kiacudikaiii
300pakeHb 3aBASKH 3aTHOCTI MpaIOBaTH 3 HEOAHOPIAHUMU NaHuMU. OIHAK, IJIs aHAJ13y
CKIQIHUX CTPYKTYp CITKIBKM II€d METOJ BTpaya€ TOYHICTh Y TMOPIBHAHHI 3 OLIBII
CKJIAQIHUMHU MOJIEISIMU TJTMOOKOTO HaBYaHHS, OCKUIBKM BIH HE 3/1aT€H aBTOMATUYHO
BUJIIATH O3HAKW 3 300paxkeHb [127]. I'panmientHuit Oyctunr (anmi. Gradient Boosting
Machines, GBM) € iHmmMM aHcamMOIeBUM METONIOM, IO MOXE OyTH BUKOPHCTAHHWM IS

aHaJi3y MEIUYHUX JaHuX, mpote, sk 1 Random Forest, BiH moTpebye BUAUICHHS O3HAK Ta

MOKa3ye MEHIY €()EeKTUBHICTh y BUNIQJKAX CKJIAIHUX BI3yaldbHUX JaHuXx [128].

HaTaceTt

Jepeso piweHb 1 [epeso pileHb 2 Jepeso pilweHb 3

l l !

PesynbTat 1 PesynbTar 2 Pesynbrat 3

\ [V —— /

)

®iHanbHWit pesynbTaT

Puc 15. brok-cxema poO0TH METOTy BUIIAIKOBOTO JIiCY
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Kpim Toro, pekypeHTHi HeliponHi Mepexi (anmi. RNN) [129] Ta ix monudikariii, Taki
ak JloBra Koporkowacna Ilamsars (JAKYII, anrn. long short-term memory, LSTM) [130],
MOXXYTh OyTH 3aCTOCOBaHI JI0 aHaJ3y MEIWYHUX JaHUX, OCOOJMBO ISl BIACTEKCHHS
JUHAMIKM 3MiH y mamieHTiB. OgHaK iX BUKOPUCTAHHS B KOHTEKCTI aHaJi3y CTaTMYHUX
300pakeHb MEHIN TMOIHpeHe, ockutbkn 3HM mokasyioTe Kpamm pesyabTatd TpH
Kiacudikaiii Bi3yalbHUX JaHUX. [HIIMI HOBITHIM MiAXiJ - 3aCTOCYBaHHS TeHEpPaTUBHUX
3MaranibHux Mepex (anm. Generative Adversarial Networks, GANSs), siki MOXYTb
BUKOPHCTOBYBATHUCS JIJII CTBOPEHHS CHHTETHYHUX 300pakeHb a00 TMOKpAIeHHS SKOCTI
300pakeHb y BHUMAJKaxX, KOJIM HEJOCTaTHbO HaBYabHUX naHux [131]. KancynbHi HeMpoHHI
mepexi (anmi. Capsule Networks, CapsNets), ski [03BONSIIOTH 30epiratu IpOCTOPOBI
BIIHOIIICHHSI M)XK 00'€KTaMHM, TAaKOX MOXKYTh OyTH €(heKTUBHUMHU JJISI MEIMYHHUX 300paKeHb,
X04a 1X 3aCTOCYBaHHs Hapa3i 0OMeXeHe uepe3 BUCOKY CKIaAHICTh peanizaii [132].
[MOpuaHi migxoau, Mo KOMOIHYIOTh KJIACHYHI METOM MAaIllMHHOTO HaByaHHS 3 3HM,
30KkpemMa Uil 3MUTTS o3Hak (aHml. feature fusion), MOXyThb 3a0€3MEUUTH TOKpAICHHS
pesynbrariB. Hanpuknan, 3HM MoxXyTh BHUAUIATH Bi3yajdbHI O3HAKU, TOMl SIK METOJ
OTIOPHUX BEKTOPIB Ta METOJ] BUMAJKOBOTO JIICYy JEPEB pIlIEHh BUKOPUCTOBYIOTHCS ISt
KiHIeBOiI kiacudikarii. Taki miaxoau 4acTo JEMOHCTPYIOTh MiJIBUIIIEHY TOYHICTh y 3aja4ax,
Je TpaauIliiiHi MeTtonu HeedEeKTUBHI, OTHAK BOHH BHMAralOTh 3HAYHUX OOYMCITIOBAILHUX
pecypciB 1 CKIaAHOT ONTHMI3AIli.
3a ocTaHHI POKHU OYyJIO0 CTBOPEHO apXITEKTYpH, 1110 YaCTKOBO HIBEJIIOIOTH OOMEKEHHS
Ta HEIOJIKW MOJIEJICH, OMMCaHuX B IbOMY po3auii. Mosa iine mpo moneni Swin Transformer
V2 ta ConvNeXt V2, ski gocArarTh OLIBIIOT TOYHOCTI Ta KOPEKTHO BUJIUIAIOTH TOHKI
netan Ha 300pakeHHsX ciTKiBkM oka [133]. OkpiM TOro, riGpuaHi MOZENi Ha KIITalT
TransMed, iHTerpyroTh MepeBaru 3ropTKOBUX HEMPOHHUX MEPEX 13 TpaHchopMepamu, M0

3a0e3reuye OTHOYACHUM aHaIII3 JJOKAJbHUX Ta IMTOOAIBHUX O3HAK.
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BucunoBku 1o Pozainy 1

[IpoBeneHuid y po3aull aHANITUYHUN OMIA TPAJUIIAHUX METOMIB J1arHOCTUKHU
J1a0eTHYHO1 PETHHONATIi Ta CY4YaCHHX MIAXOMIB 10 OOpoOKH IH(poBUX 300pakeHb
MPOJAEMOHCTPYBAB KJIIOYOB1 ACTEKTH Ta BUKJIMKHU y M cdepi. [iabeTnuHa peTuHonaris €
OJTHUM 13 HAWMOIIMPEHIMMX YCKJIAJHECHb ITyKPOBOTO aiabeTy, SIKe MOXKE MPU3BECTH 0
HE3BOPOTHOI BTpAaTU 30py. XapaKTEPHOI OCOOJIMBICTIO 3aXBOPIOBAHHS € MIKPOCYAMHHI
3MiHH, 1[I0 BUHUKAIOTh HA PaHHIX CTaAifX, Kl 4aCTO 3aJMIIAIOTHCS HEMOMIYEHUMH MpU
TPaAUIIIHHUX METOAax aHaiizy 300paxeHn. lle cTBOproe HEOOXIAHICTH Y BIPOBAKEHHI
HOBITHIX aBTOMATHU30BaHUX I1AXOIIB JJIS OUIBII TOYHOI J1arHOCTHUKH.

Cepen icCHYIOUHMX METOAIB ONTHYHA KOT€PEHTHA TOMOrpadis mocigae BaxKINBE MiCIIE,
OCKUIBKH J03BOJISIE Bi3yali3yBaTH CTPYKTYPH CITKIBKH 3 MIKPOHHOIO TOYHICTIO Ta BUSIBIISATH
HaBITh MIHIMaJbHI 3MiHH, 30KpemMa HaOpsk makynu. [Ipore meronu aHamizy 300pa)keHb
CITKIBKHU MOCTIHHO BIOCKOHAIOIOTHCS, 30KpeMa CETMEHTAIIIsl CYIMHHOT MEPEXi, TEKCTypPHHM
aHaJi3, MiABUIIEHHS KOHTPACTHOCTI Ta 3aCTOCYBAaHHS aJITOPUTMIB MAalTMHHOTO HaBuaHHs. L1
MIIXOAW JIO3BOJISIIOTH HE JUIIE 11eHTU(IKYBaTH HasBHICTh pETUHONATI, ane U
kiacudikyBaru ii cTajii, MOKpalryodu 00’ EKTUBHICTD 1 TOUYHICTD JIarHOCTUYHUX PIIICHb.

Jns  miABUIIEHHS TOYHOCTI Ta MPOTHOCTUYHOI I[IHHOCTI METOMAIB HEOOXigHe
BIOCKOHAJICHHSI ICHYIOUMX aJTOPUTMIB, a TaKOXX pO3poOKa HOBUX, 30KpeMa Ha OCHOBI
IJIMOOKOTO HaBYaHHSA. L{e 103BOIUTE MIIBUIIMTH JOCTOBIPHICTh BUSABICHHS 3MIH Yy CYAHMHHIN
CTPYKTYypi Ta 3a0€31e4nTh OLIbII €(PeKTUBHE BUSBICHHS PAaHHIX O3HAK 3aXBOPIOBAHHS.

TakuM dYHMHOM, PO3BUTOK Cy4aCHUX METOAIB IU(poBOoi 00poOKM 300pakeHb Ta
IJTMOOKOTO HaBYAHHS BIJIKPUBAE HOB1 MOXJIMBOCTI JIJIi PaHHBOI JAI1arHOCTUKH J11a0€TUYHOI
perunonarii. lle copusTMMe MIABUIIEHHIO TOYHOCTI JIarHOCTUKH, 3MEHILIEHHIO
Cy0'€KTMBHOCTI B YXBaJICHHI1 pIllICHh Ta TMOKPAIICHHIO KIIHIYHUX pe3y/bTaTiB, IO €
KPUTHUYHO BaXJIUBUM i €(EKTUBHOIO JIKyBaHHS Ta MNPO(MUIAKTUKU BTpPaTH 30py Y

MAIIEHTIB 13 IyKPOBHUM J11a0€TOM.
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PO311JI 2 PO3POBKA KOMIVIEKCHOI'O METOAY AHAJII3Y CYAUH
OYHOTI'O JHA JIJI1 BUSIBJIEHHS JIABETUYHOI PETUHOIIATII TA
BU3HAYEHHSA CTAALL PO3BUTKY XBOPOBU

2.1 OcobamBocti nudppoBoi 00poOKH 300pa’keHbL O4YHOIO0O JHA B
ONTHKO-CJIEKTPOHHIN OloMeauuHiil 0QTATBLMOCKOMIYHIA cUcTeMi Jisi BHSBJICHHS
O3HAK JAia0eTHYHOI PETHHOMATII Ta CTAlil PO3BUTKY XBOPOOH

[udpoBa o006pobOka 300pakeHb OYHOTO JHA € KIHOYOBUM 1HCTPYMEHTOM JIJIsI
JIIarHOCTUKHU 11a0€TUYHOI PETUHOIATIT, OCKIJILKH J03BOJISIE aBTOMATHU3YBAaTH MPOIEC aHATI3Y
CTPYKTYp CITKIBKH OKa Ta BUSIBJICHHS MATONOTTYHUX 3MiH. OCHOBHI 3aBJaHHS TAKHX METO/IIB
BKJIIOYAIOTh MOTIEPEIHI0 0OOPOOKY 300paKeHb IS 3MEHIIICHHS ITyMiB 1 IOKPAIIeHHS SIKOCTI,
CEerMEHTAIlII0 CYIMHHOI MEpEeXl, a TaKOX OTPUMaHHS O3HaK, SIKI € XapaKTepHUMHU JIs
MIKpOAHEBpPU3M, KPOBOBWJIMBIB, €KCyJaTiB Ta IHIIMX O3HAK peTUHOMATii. 3aBIsKH
MOJAJIBIIOMY BUKOPUCTAHHIO QJTOPUTMIB MAIIMHHOTO Ta IJIMOOKOrO HaBYaHHS CTae
MOJKJIMBUM IT1JIBUILIEHHS TOYHOCTI aHaJI13y Ta aBTOMaruyHa kiacudikauisa craaii JP.

B nmamiii  gucepraimiiiHii  poOOTI  MPOTMOHYETHCS  KOHIENTyallbHA  MOJEJNb
ONTHUKO-CJIEKTPOHHOI ~ O10MEIUYHOI O(TAIBMOCKOMIYHOT CHUCTEMH JUIsl  J[1arHOCTUKU
niabetnanoi pernHonarii (Puc. 2.1a), a Takok KOMOIHOBaHUH MIIX11 10 0OpOOKH UPpPOBHUX
300pakeHb OYHOTO JIHA B IIM JIarHOCTHYHIN CHCTEMI, 10 BKIIIOYA€E B ceOC MEepPETBOPEHHS
aHaJ130BaHOr0 LU(PPOBOro 300pakeHHs 3a JOMOMOTOK 3alpONOHOBAHUX METO/IB
binprpamnii ¥ MiIBUIEHHS KOHTPACTHOCTI 300pa)KeHHS, aHalli3 CETMEHTOBAHUX CYIMHHUX
cTpykryp 1 excynatiB (Puc. 2.16). Metoau, Taki sk MeaiaHHa ¢uibTpallis, aJanTHBHA
CEerMEHTAIlisl Ta aHaji3 TEeKCTyp, TO3BOJISIIOTh 3a0€3MEYUTH BUCOKY TOYHICTh BUIICHHS

CYAMHHOT MepeXi Ta MaTOJOTTYHUX €JIEMEHTIB HaBITh HAa PAHHIX CTaJlisIX 3aXBOPIOBAHHS.
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3aBaHTaXeHHsA . 0Ob6uncneHHa Bu3Ha4eHHs
CermMeHTauis d
Ta nonepegHA reoMeTPUUYHNX ACKPaBOCTI

CYAWH Ta .
06pobka eKCypaTis napameTpis ONTWYHOTrO
306paKkeHHs Y CYAVH LWCKa

PospaxyHok

TEKCTYPHMUX
NOKa3HWUKIB
ekcypartis

dopmyBaHHA
BEKTOPA 03HaK
Ta NOJaHHSA Ha
BXig HEYPOHHOI
Mepexi

0)
Puc. 2.1 OnTuko-enexkTpoHHa 6ioMendHa 0(pTaTbMOCKOIIIYHA CUCTEMA JIJIS JIIarHOCTHKU
niabetuyHoi petuHomnarii. (a) - KonnenryansHa Mozensb, (0) - biiok-cxeMa mociiJoBHOCTI

3amnpOIIOHOBAaHOI UG POBOI 0OPOOKHU 300pakeHb CITKIBKH OKa

2.1.1 ITonepennst 00podka 300pakeHb CITKIBKH OKa

[Tonepenns 0OpoOka 300pa’K€Hb OYHOTO JHA € KPUTHUYHO BAKIMBOIO JUISI TOYHOI
JIarHOCTUKHU Ala0eTU4HOi peTuHonarii. B mii auceprariiiniii poOOTi 3aCTOCOBAaHO METOIU
BUJIAJICHHS IIyMiB, MOKPAIIEHHS KOHTPACTHOCTI Ta KOpEKIii HEpiBHOMIPHOTO OCBITIIEHHS,
10 JIO3BOJIMJIO OLIBII YITKO Bi3yalli3yBaTH CYJAMHHY MEPEXKY Ta MaToJIOT14HI YTBOPCHHS Ha
300paKEHHSAX OYHOro JHa. 30Kpema, HOopMalli3alis 300pa)keHb MiHIMI3yBaJla Bapiaiii
IHTEHCUBHOCTI, CIIPUYUHEH] PI3HUMH YMOBaMU 3HOMKH, 3a0€3MeUy0ur OMHOPIAHICTh TaHUX
JUTSl IOAQJIBIIIOTO aHAai3Yy.

Kpim Toro, momepennss oOpoOKa copusuia MiABUIICHHIO €(PEKTUBHOCTI aJIrOPUTMIB
MAIIMHHOTO HAaBYaHHS, SKI BUKOPUCTOBYIOTHCS JJIsi aBTOMaTH30BAHOI'O BUSIBJICHHS O3HAK
peruHomnarii. CranHaapTuzaiis napameTpiB  300paxeHb, TaKUX SK SCKPaBICTh 1

KOHTpaCTHiCTB, JO03BOJIMJIA HiI[FOTYBaTI/I A 11oJaJIbIIIOro IIMOOKOTO HaBYaHHS Ha60pI/I
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300pake€Hb OYHOrO JHA 3 OUIbII TOYHUMU Ta OJHOPIAHUMHU JAaHUMH, IO IOKPAIIUIIO
pesyapTatu Kiaacu@ikarlii Ta 3MEHIINIO KUTbKICTh XHOHUX JiarHo3iB. TakuM 4rMHOM, sIKICHA

nonepeaHs oOpoOka 3abe3neuye HaJlIHY Ta TOYHY J1arHOCTUKY J1a0€THUYHOT PeTHHOMATIi

[134].

2.1.1.1 3meHIIeHHS HIYMIB HA 300paKEHHSX CITKIBKH O0Ka

[Iymu Ha 300pak€HHAX CITKIBKM MOXYTb MAacKyBaTH KJIFOUOBI JIIarHOCTUYHI O3HAKU
Ta CTBOPIOBATUM XHMOHI apTe(akTH, IO 3aBaKac KOPEKTHOMY aHaji3y. IX BHaJeHHS
HEOOX1JHEe IJi1 OTPHMMAaHHS YITKOI Bi3yami3ailii CyIMHHOI MEpEeXi Ta I1HIIUX CTPYKTYD,
KPUTUYIHO BOKJIUBUX JIJIS JIaTHOCTHKH.

3 MeTor0 aHamizy 300pakeHb CITKIBKM OKa JIJIS BUSABJICHHS J1a0€TUYHO! pETHHOIATIT
MPOIMOHYETHCS] BUKOPUCTaHHS ['ayCiBChbKOTO ab0 MeAiaHHOTO (PLIBTPIB.

["ayciBcbkuil QuUIBTP € JTIHIMHUM (QLIBTPOM, IO BUKOPUCTOBYE 1IpO, cPOpMOBaHE Ha
ocHoBl layciBchkoi  (yHKINi, [ 3MIapKyBaHHA — 300paKEHHS Ta  3MEHIICHHS

BHCOKOYACTOTHUX ITyMmiB (Puc. 2.2).

Puc. 2.2 [lopiBHsHHS 300paskeHHS CITKIBKH OKa J0 Ta MicIs 3aCTOCyBaHHs [ ayCiBChKOTO

bineTpa
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MaremaruyHO HOro MOXHa OMHCATH SIK 3TOPTKY 300pa’keHHA 3 ['ayCiBChbKUM SIpOM,

JI€ KOXKEH MIKCEb 3aMIHIOETHCSI Ha 3BAYKEHE CEPEIHE 3HAYEHHS CYCIIHIX IMIKCEIIB, IPUYOMY

Bard BU3HadarThCsa ['ayciBcbkuM posmoxaiiom [135]. Ilek miaxin epeKTHBHO 3MEHIIYE
BUIMAJIKOBI IIIYMH, 30€pirarouu Mpu bOMY 3arajibHy CTpYKTypy 300pakeHHs [136].

Maremaruuno 3ropTka 300paxkenss /(x, y) 3 ['ayciBcbkum sigpom G(x, ) OMHCYETHCS

SK:

k k

I'xy) = 2 X GG -Ix+iy+)),
i=—k j=—k

ne I'(x,y) - 3Ha4eHHS TIKCeNs y BUXITHOMY 300paxeHHi micns 3roptku. I(x + i,y + J) -
3HAYCHHS TIKCeNs y BXiTHOMY 300pakeHHi. G (i, j) - 3HaueHHs ["ayciBchkoro simpa.
Menianauii GUIBTp, HABMaKW, € HETIHIMHUM METOJIOM, SKHUW 3aMIHIOE 3HAUYCHHS
KOYKHOTO TIIKCENII Ha MeAiaHHE 3HAYCHHS IHTEHCUBHOCTEH y Horo okomi. Hexai I(x,y) -
IHTEHCUBHICTb IIKCEJs y BX1IHOMY 300paxenHi, a N(x,y) - HaOlp 3Haue€Hb IHTEHCUBHOCTI
nikceniB y okomi (2k + 1) X (2k + 1) maBkomno mikcens (x, y). Toni 3HaYEHHS BUXiTHOTO

nikcens I'(x, y) BUBHAYA€ThCS SIK:

I'(x,y) = median{l(u,v)|(u,v) € N(x,y)},

ne N(x,y) - okin mikcens (X, y).

[le o3Havae, 10 3HAYEHHS SICKPABOCTI MOTOYHOIO MIKCES BCTAHOBIIOETHCS TaKUM
YMHOM, 1100 MOJIOBMHA CYCIHIX 3Ha4eHb Oyja MEHIIOI0, a TIOJIOBHHA - OUIBIIOI 332 HHOTO.
Takuii miaxiag ocoOJMBO €(PEKTHUBHUM 11 YCYHEHHS IMIYJIbCHUX IIyMiB, OCKUIBKH BiH

30epirae pi3ki Kpai Ta aetaii 300pakeHHsl Kpaile, Hix JiHiiH1 ¢puistpu (Puc. 2.3) [137].
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Puc. 2.3 TlopiBHSIHHS 300pa’keHHS CITKIBKH OKa JI0 Ta MICJIsI 3aCTOCYBaHHS MEJIIaHHOTO

bineTpa

2.1.1.2 IlinBMIIEHHSI KOHTPACTHOCTI Ta HOpMAaJli3alisa 300paskeHb CITKIBKH OKa

OCKUTBKM YITKICTh JeTajied Ha MEIUYHUX 300pakKeHHSX Ma€ BUpIIIaIbHE 3HAUCHHS
JUTS. IPUMAHATTS PIIICHHS, TO OJHUM 13 €(DEeKTUBHUX METO/IB € OOMEKEHE 3a KOHTPACTHICTIO
anantuBHe BupiBHIOBaHHs rictorpamu (anmi. CLAHE) [138]. brnok-cxema peamnizaii
anroputMy CLAHE nis nmokpatieHHst 300pakeHb CITKIBKH OKa 300paxkeHa Ha Puc. 2.4.

Le#t minxig po3auise 300pakeHHS Ha Mami OJOKM 1 BUKOHYE BHPIBHIOBAHHS
ricrorpaMd B KOXXHOMY 3 HHUX OKpPEeMO, IO B JaHiii poOOTi MO3BOJIMIIO TMOKPAIIUTH
JIOKaJIbHUH KOHTPACT 1 MIAKPECTUTH AETall B Pi3HUX 00jacTax 300paxeHHs. BogHowac,
CLAHE ob6mexye miicuiaeHHsT KOHTPACTY, 1100 3armo0irTd HaAMipHOMY MOCUJICHHIO TITYMIB
y BIJHOCHO OJHOPITHUX AUIsIHKax 300pakeHHs (Puc. 2.5) [138]. Jlns 3abe3nedeHHs
O0OMEXEHHS MIJCUJICHHS! KOHTPACTy MPOMOHY€EThCS BUKOPUCTAHHS JUHAMIYHOTO BU3SHAYCHHS
mimity (anmi. Clipping Limit) [139], ans #ioro anantuBHOI 3MIHU 3aJI€KHOCTI B1J] JIOKaJIbHOT

BapiaTUBHOCTI IHTEHCUBHOCTEN ICKPABOCTEM MIKCENIB.
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BuxigHe

A

Bydep 306paxeHHsA 04HOro aHa
(TimyacoBe 36epexxeHHsn
306pakeHHs)

¥ nokpalyeHe
306paxeHHs

Puc. 2.4 brnok-cxema peanizanii anroputmy CLAHE nnst nokparmienss 300paskeHb

Original Image

CITKIBKH OKa

CLAHE

Puc. 2.5 ITopiBHSAHHS 300pak€HHA CITKIBKHM OKa JI0 Ta MiCJI 3aCTOCYBAaHHS aJTOPUTMY

CLAHE

[HmuM MeromoMm, sIKMM 3acTOCOBaHMIT B AaHid poOOTI A0 3adayl IMiJABUIIECHHS

KOHTPACTHOCTI € MEPETBOPEHHS TiCTOTpaMU SICKPaBOCTI TiKceliB 300paxeHHs. Llei miaxina
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nepeadayae JiHIMHE MEPEeTBOPEHHSI 1HTEHCUBHOCTEH MIKCENIB 300paKCHHS TaKUM YHHOM,
1100 BOHM OXOIUTIOBAJIM BECh JAOCTYIHHUM Jlana3oH sickpaBoctell. Lle 103Boise 301IbIIHUTH
JTUHAMIYHUN Jlanma3oH 300pakeHHs, poOasyd TEeMHI 00JIacTi TEMHINIMMH, a CBITII -

CBITJIIIIIMMH, IO CIIPUSiE€ TOKPAIEHHIO 3arajJbHOro koHTpacty (Puc. 2.6) [140].

175000 A

150000 4

125000 A

100000 -

75000 A

50000 -

25000

04

80000

60000

40000 A

20000 4

Puc. 2.6 ITopiBHSAHHS ricTOrpamMu 300paXeHHsI CITKIBKM OKa J0 Ta MICJA 3aCTOCYBAHHS

anroputmy CLAHE

KombinoBane BuxopuctanHsi CLAHE Ta postarmenHs rictorpamu 3a0e3medmiio
T1JIBUIIICHHS! KOHTPACTHOCTI 300pakeHb 300pa)KeHb CITKIBKHM OKa TaM, € BaXKJIMBO 30€perTu
JpiOHI AeTanl Ta YHUKHYTH MIJCUJICHHS IIYMiB 1 aanTyBaTH J1alla30H SICKPABOCTI MIKCEIIIB

300paKE€HHS B 3aJIEKHOCTI BIJ] JIOKAJTbHUX XapaKTEpPUCTUK 300paxeHHs ouHoro aHa (Puc.

2.7).
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Puc. 2.7 [lopiBHsHHS 300pa’keHHS CITKIBKM OKa J0 Ta MICJis 3aCTOCYBaHHS alrOPUTMY

pO3TATYBaHHs ricTorpamu, ¢uisTpaitii Ta i komOiHari 3 anroputmom CLAHE

B naniif po60Ti 3acTocoBaHO MaciiTaOyBaHHS SCKPABOCTI 300pakeHHS JI0 Jlanma3oHy

B 0 1o 1:

1 I(X,y) B Imin
regy) = ——

max min

ne I(x,y) - IHTEHCHBHICTh TIKCeNs y BXimHOMY 300paxenHi. I'(x,y) - HOpMali3oBaHa

IHTEHCUBHICTb TIKCENs Yy BHUXIJHOMY 300pa’KEHHI. Iml_n -  MIHIMQJIbHE 3HAYEHHS
IHTEHCUBHOCTI y 300pakeHHi, Imax - MaKCUMaJIbHE 3HAUE€HHS IHTEHCUBHOCTI1 Y 300paKEHHI.

[le nmo3Bonmuio 3a0e3meunuTd CTAOUIBHICTH aJTOPUTMIB  OOpOOKM 300paskeHb,
3MEHILYIOYM BIUIMB 30BHIIIHIX (DAaKTOPIB, TAKUX SK YMOBH peecTpalii 300pakeHb. B naniii
poOOTI TaKoX 3aCTOCOBAHO METOJ CTaHJAPTHOTO HOPMYBaHHS, J€ IHTEHCHBHOCTI MIKCETIB
KOPUTYIOTBCS 3 ypaxyBaHHIM CEPEAHbOI0 3HAUEHHS Ta CTAaHJAPTHOTO B1IXUJICHHS.

3arajsioM, HOpMai3ailisi € KpUTUYHO BAKIIMBOIO JJI1 0OpOOKH 300pakeHb, aJl’ke BOHA

3abe3reuye CTaH apTU3aIlii0 BXITHUX JaHUX.
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2.1.2 BusiB/IeHHSI KpPaiB CyAUH Ha 300pa’KeHHAX CITKIBKH OKa

B naniif qucepraniiiHiii po6oTi 0ys0 3aCTOCOBAHO YAOCKOHAJIEHI METOM BU3HAYECHHS
KpaiB Ha 300paX€HHSAX OYHOTO JHA JJIS MOKPAIICHHS J1arHOCTUKH J1a0eTUYHOT peTUHOIATIT
3a JIOMOMOTOI0 MAIIMHHOTO HaBYaHHS. BUSBIICHHS KpaiB € KPUTUYHO BaKJIMBHM €TAIlOM Y
mpoleci aHami3zy MEIUYHUX 300paxKeHb, OCKUIBKH CaMe 3a JOTIOMOTOIO IMX aJITOPUTMIB
MOKHa TOYHO BHJUIMTH MEXI1 CYJIHUH, MIKPOAQHEBPU3M 1 KPOBOBWIIMBIB, 110 € OCHOBHUMU
o3Hakamu JIP. OCHOBHUMH MeTOAaMH, SIKi TPOTIOHYETHCS 3aCTOCYBATH JIsS BHUSBICHHS
KOHTYpIB, € orneparop Cobens [141] Ta nerexrop Kani [142]. 11i meronu Oymnu iHTerpoBaHi 3
TEXHIKaMHU TOTIEPEIHhOI 0OpPOOKH 300paKeHb 1 PO3PAXyHKOM JIarHOCTUYHUX O3HAK CTAHY
CITKIBKH OKa, 1110 3HAYHO MiIBUIIUJIO TOYHICTh JIarHOCTHKHU A1a0eTUYHOT peTUHOMATII.

HactynHum etamoM cTajno BHUKOPUCTaHHSA MoeqHaHHs oneparopa Cobens ms
MOYaTKOBOTO BUSIBJICHHS KOHTYpIB 13 JeTeKkTopoM KaHi [ TOUYHILIOTO HajallTyBaHHS
BUJIIJICHHSI TPAHUIlh, TAKUX SIK KOHTYPU CYIWH, Ha 300pakeHHsSX O4HOro aHa. Omeparop
Co0enst  BUKOPUCTOBYETHCS JJIi OOUYMCIICHHS TpajJi€HTa IHTEHCUBHOCTI IIKCENIB Y
300pa)K€HHI, 10 JO03BOJIAE€ BHIUIATA PETIOHM 3 BHCOKHUM IPOCTOPOBUM TIPAJIEHTOM, SIKI
BIJINOBIIAl0Th KOHTYpaM cyauH. OcHoBHa i7es1 oneparopa Cobenst mojsirae B 3aCTOCYBaHHI
JIBOX (IIBTPIB - TOPU3OHTAJIBHOTO 1 BEPTHUKAIBHOIO, SKI JIO3BOJISIOTH OIIHIOBATH 3MIHU
SICKPABOCTI MIKCEIIB Y3JIOBXK JBOX HampsMKiB (1o oci X i oci Y). J{is oTpumaHHs OXigHOT
Co0enst B310BXK OCl X BUKOHYETHCS JOOYTOK MK OJHOBUMIPHUM [ 'ayCiBCHKUM (LIBTPOM 1
noxigHow 3a HanpsaMkoM X. @uierp Colenst aid oci Y OTPUMYETHCS HNUIIXOM BUKOHAHHS
n00yTKy MDK TIOXITHOIO 32 HalpsSMKOM y Ta OIHOMIpHUM [ayciBChkuM (UIBTpOM.
PesynbraToM mpOro mporecy € BEeKTOp rpaji€HTa, SKUH BKa3ye Ha HAIPSM i BEJIMUYUHY 3MIHU
SCKpPaBOCTI, 110 1IeHTU(IKYyE KOHTYPH Ha 300pakKeHHI.

[lepeBaroro omeparopa CoOenst € ioro mpocrora Ta €(eKTUBHICTh, IO JO3BOJISIE
HIBUKO BUIAUISTH KOHTYPH Ha 300paK€HH1 3 MIHIMaJIbHUMH OOYMCITIOBAJIbHUMU 3aTpaTamu.
Bin ocobOnuBo edexTuBHUII y BUMAAKaX, KOJU MOTPIOHO BUSIBUTH KPYIIHI CTPYKTYpH a0o
MEXI1 Mk BEJIMKUMH 00'€KTaMH, OCKIJIBKH JIOOpE MpaIlloe 3 ICKPaBO BUPAKCHUMHU 3MIHAMU

IHTEHCUBHOCTI.
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PeanizoBanuii y naniii po6oti nerekrop KaHi, y cBOIO 4epry, 3aCTOCOBY€EThCS IS
00poOKM 300pa)kKeHHsS IUIAXOM O0araToCTYIIEHEBOI'O MPOLECY, SKUU BKIIIOYAE MiAPAXyHOK
IPAJIIEHTIB, 3HUKEHHSA KUIBKOCTI HE MAaKCUMAaJbHMX 3HA4€Hb 1 BIACTEKEHHS KOHTYPIB.
OcoOnuBicTio nerekropa KaHi € BUKOPUCTaHHS MOABIMHOIO MOPOry AJis BUSIBJIECHHS KpaiB.
[lepmmii mopir mo3BoJis€ iAeHTU(IKYBaTH CHIIbHI Kpai, SKi MarOTh BHUCOKI 3HAYCHHS
IpajiieHTa SICKPABOCTI MIKCENiB 300paKeHHsI, TO/1 SIK IPYTH, HXKIUH TTOPIT BUSBIISAE CIa0Ki
Kpai, Kl MOXXyTh OyTH YaCTHHOI BaXKJIIMBUX CTPYKTYpP, TAKUX K APIOHI CyOuHU. 3aBASKU
1boMY, JieTektop KaHi € myke 4yTIuBUM J0 ApiOHUX CTPYKTYp Ha 300pakKeHHI, 10 poOUTH
Horo oco0auBO €()EKTUBHUM 1T MEAUYHUX 300pa’KeHb CITKIBKH, J€ TOYHICTh BUSBJICHHS

NpiOHUX CyauH 1 aHoMalii € kputuuHoto (Puc. 2.8).

BxigHe 306paKeHHA ®inbTp Mayca

)

®inbTp Cobens

Cobenb + KaHi

[eTtekTop KaHi

Puc. 2.8 300paskeHHs CITKIBKHM OKa IicJisi KOMOIHOBAHOIO 3acTOCyBaHHs ajaroputmiB Cobens

Ta Kani
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Bukopucranus nerektopa Kani B miarHOCTHIN M1aO€THUYHOI peTHMHOMATII TO3BOJISE
TOYHO BUIUISTH CYIHHHI CTPYKTYpU 1 BUSIBISATH MIKPOAHEBPU3MH, IO € BAKIUBUMH
O3HAKaMH TIPOTPECYBAaHHS 3aXBOPIOBAHHSA. 3aBISKH 3JaTHOCTI (QIIBTPYBaTH IIyMH Ta
BU3HAYaTH Kpai, el METOJ MiIXOAUTh JJIsi BUCOKOTOYHUX 3aB/aHb, A€ BaXKJIUBO HE JIUIIIEC

BUSIBUTH KOHTYPH, ajie i 30epert iHhopMalliro Ipo TOHKI AeTar 300pakeHHS.

2.1.3 CermenTalisi CTPYKTYp Ha 300pa:KeHHSAX CITKIBKHM OKa

Jlnst Toro, abu BpaxyBaTH JIOKaJbHI 0COOIUBOCTI 300paKeHHs, Takl K TeKCTypa abo
IHTEHCUBHICTb MIKCEJIIB, B I[ill poOOTI MPOMOHYETHCS 3aCTOCYBATH aIaITUBHY CETMEHTALIIIO,
sKa JO3BOJISIE OUTBII TOYHO BWIUIATH TATOJIOTIYHI 30HW HA 300pa)KEHHSX OYHOTO JHA.
OCKUIBKM OCBITJICHICTh OYHOTO JHA MOXKE€ 3HAYHO BapilOBaTHCS, OYyJlIO BUKOPUCTAHO
JIOKaJbHE TOPOTOBE CETMEHTYBAHHS, MPU SKOMY ITOPOTOBE 3HAYEHHS BHW3HAYAETHCS IS
KOXKHOTO TIKCEJIsSI OKPEMO Ha OCHOBI1 CEPEIHbOr0 3HAYeHHS 1HTEHCHMBHOCTI B HOTO OKOIi
(15%15 mikcemniB) [143].

Ha 300pakeHHSIX OYHOro JAHa el MiaXiJg OcOoOJMBO €(PEKTUBHHM ISl 30H 3
HEOJHOPITHUM OCBITJICHHSM, JI¢ TIo0adbHI METOAM BTpadarTh TouHICTh (Pmc. 2.9).
Hampuknaa, y mpoMy ITOCHTIDKEHHI aJanTHBHA CETMEHTAIlisl BUKOPHUCTOBYBAJacCh IS

Jokami3aiii MikpoaneBpusMm [144] 1 apiOHUX CynuH.
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BxigHe 306paXeHHs Micna anroputmy CLAHE ®ineTp MNayca

ALanTUBHaA cermMeHTauif MopdonoriyHe OUULLLEHHA diHanbHa cerMeHTaLis

Puc. 2.9 3006pakeHHs CITKIBKM OKa MICJIs MOAAIBIIOT0 3aCTOCYBaHHS CErMEHTAaIlll

[licns amanTUBHOI cermMeHTalli OTpuMaHe OiHapHEe 300pa)KeHHsS MOXKE MICTUTH
apredakTd Ta poO3ipBaHi CyAuHU. [l BupilleHHS IuX npodiemM Oyao 3acTOCOBAHO
MopdosoriyHy 00poOKy, sika BKJIIOYA€E omepailii MOp(hOIOri4HOTO BIIKPUTTS (aHIII. opening)
Ta 3aKpUTTA (aHMI. closing).

3aramoM 3aCTOCOBaHI METOAM TOKa3aiu €(PEKTUBHICTh Yy BUIIJICHHI PaHHIX O3HAK
J1a0eTUYHO1 PETUHOIATIi, a caMe MIKpOaHEBPH3M, EKCyJaTiB Ta HEBEJIUKUX KPOBOBHUIIMBIB,

3a0e3Mneuyoun aJanTallio J10 Bapialiil ICKpaBOCTI Ta TEKCTYpU Ha 300paKEHHI.

2.2 Bu3zHaueHHs1 HA0OPY O3HAK JJIA PO3MI3HABAHHSA Aia0eTMYHOI peTHHOMATIl

Y 1upoMy po3Iini pO3MIAAAIOTHCS TEOMETPHYHI Ta TEKCTYPHI O3HAKU CYIWHHOI
Mepexi, ONTUYHOTO JUCKa Ta €KCy/aTiB, Kl B ik poOOTI 3arponoHoBaH1 i (hOPMyBaHHS
HAa0Opy A1arHOCTUYHUX O3HAK JUIsl BUSBJICHHS 11a0€TUYHOI pEeTHMHOMATII HA 300pa)KeHHSX

CITKIBKA OKa, a TaKOX BH3HAUCHHS CTaJll 3aXBOPIOBaHHS. | €OMETpHYHI O3HAKH, TaKl 5K



88
JIOBKMHA Ta IIMPUHA CYIUH, MICTITh BaXXJIUBY 1H(HOpPMAIIiI0 IPO CTaH CYAMHHOI MEPExX1 OKa.
[loka3HUK JOBXHHHM CYIMH MOXE CBIIYMTH NOpO arpoii0 CyIuH Yepe3 HEIOCTaTHE
KpOBOTOCTayaHHs1 a00 3BYKEHHS CyAWH TpH mporpecyBanHi JIP, Tomi sik 3MiHA MIMPUHU
CYIUH MO)K€ OyTH paHHIM MapKepoM MIKpoaHTiomnarii abo MiKpoaHEBpPU3MIB. AHAJI3 LHUX
napameTpiB JI03BOJISIE OI[IHUTH 3araJIbHAM CTaH CYIMHHOT CHCTEMH Ta BUSBUTH MATOJIOTTYHI
3minu [145].

KpiM reomeTpuuHHX O3HaK, y Il poOOTI peayi30BaHO OTPHUMAHHS Ta aHaji3
IHTEHCUBHOCTI ONTHYHOTO JMCKA Ta TJIAJAKOCTI CyAMHHOI Mepexi (popmu Ta cTpyKTypHOI
onHopiaHocTl). CepenHs 1HTEHCHUBHICTh ONTUYHOTO JUCKA JO3BOJISIE BUSIBUTH HAOPSKOBI
MPOIIECH, KPOBOBWJIMBY UM TONTKO/HKCHHSI HEPBOBUX BOJIOKOH, IO € O3HAKAMH MOPYIIEHB B
HEPBOBIM TKaHMHI Ta NPWIEDHX CTpykTypax [146]. Imaakicte cymuHHOI Mepexi B IIid
poOOT1 OLIHIOBAJach NUIAXOM aHali3y TEKCTYPHUX BIIACTUBOCTEW CYIMH, TaKUX SK
HEPIBHOCTH, II0 MOXKE CBIIYUTH TPO HASBHICTH TPOMOO3IB KamiasipiB abo ¢GhopMyBaHHS
MikpoaHeBpu3MiB [147]. 1li moka3HUKH JOTIOMAararoTh HEMPOHHIM Mepexi 1eHTU(IKyBaTu
IpiOHI MOpP(OJIOTIYHI 3MiHHM, SIKI MOXYTb OyTH paHHIMU O3HakamH mnporpecyBaHHs JIP,
HaBITh 32 BIJICYTHOCTI BUPAKEHUX KITHIYHUX CUMIITOMIB.

TexkcTypHuil po3MOMIN €KCygaTiB € e OJHUM BaXUIMBHM TapaMeTpoM, IO
BIIPOBQ/DKCHUN y Tl poOOTI Ta JO3BOJIIE OIIHUTH PO3MOALL, po3Mmip, ¢dopMy Ta
IHTEHCHBHICTh €KCyJaTiB Ha CiTKiBIl. Ekcymatu, ski € JinigHUMH a0o0 O1IKOBUMU
BIJIKJIAJICHHSAMH, € XapaKTepHUMM [Jisi mnporpecyBaHHs JIP 1 iXHIA KUIBKICHMIA aHami3
J03BOJISIE BU3HAYUTH CTadilo ypaxkeHHs [148]. BusBnenns ta kiacudikaiis ekcynariB
JoTIOMara€  HEWPOHHIM MepexXi OIIHUTH CTYMiHb TPOTPECYBaHHS 3aXBOPIOBAHHS Ta
MPOTHO3YBATH TOJAJIBIINN PO3BUTOK MATOJIOTIYHUX MPOIECIB, MO € KPUTUIHO BAKIMBHUM
JUTSI CBOEYACHOTO TOYATKY JIIKYBaHHSI.

Bci 3amponoHoBaHi y il poOOTi Ta 0OYMCIIEHI T€OMETPUYHI Ta TEKCTYpPHI O3HAKU
o0’eHaHI y BEKTOp O3HAK, IMONAIOThCS HA BXIJ HEHPOHHIM MEpexi s MOMabIIOL
kiacudikari. [{el 3ampornoHoBaHuil B HaHii qucepTaniiHiii podoTi Habip M1arHOCTUYHUX

O3HaK 3abe3nedye KOMIUIEKCHY KUIBKICHY XapaKTepUCTUKY CTaHy CyOUHHOI MeEpexi,
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ONTUYHOTO JIUCKA Ta €KCY/IaTiB, 110 J03BOJISIE HEHPOHHIN Mepexi e(eKTUBHO aHaI3yBaTH Ta

KJ1acu(iKyBaTH MaTOJOrYH1 3MI1HHM, [TOB’s13aH]1 3 A1a0ETUYHOO PETHHOIATIEKO.

2.2.1 BuaijieHHsl reOMETPUYHHMX O3HAK CTPYKTYP CIiTKIBKH OKa

[eoMeTpuyHi O3HAKH CYIWHHOI CTPYKTYpPH € OJHUMH 3 KIIOYOBUX MJIS aHATI3ZY
CITKIBKM OKa MPU AIarHOCTHIl JiabeTudHOoi peTuHomartii. /o OCHOBHMX mapaMeTpiB, sKi
BUKOPUCTOBYIOTBCS JJIsl aHAIi3y, HaJeKaTh IIUPHUHA CY[IWH, iX KpUBH3HA Ta JOBXHHA. L1
XapaKTePUCTUKH JO3BOJIAIOTh OIIHUTA 3MIHM CYIHWH, IO € MapKepaMmH IaToJIorii,

HaITpuKIIamg, BySBKi CyAWHH, PO3raldy>XCHHA YU aHOMaJIbH1 BUTHHH.

2.2.1.1 O04YHCIeHH KPUBU3HH CYIHH

J{ns oOuMCIIeHHs] KPUBU3HU CYJMH, 32 JIOMOMOTOI CKeJleTHU3allli CyTMHHOI MEpexi,
Oyn0 BU3HAYEHO KoOpaWHATH cyauH. [licms dYoro, s KOXKHOI TOYKH  CKelleTa
OOYHCITIOBAIMCH KOOPAMHATH (X,y). METOI0 € IEPEeTBOPUTH CErMEHTOBAHY CYIMHHY MEPEXY
B OJIHONIKCEJIbHUN KOHTYp, SIKUU TMPEJCTaBIIsiE LEHTPalbHY BiCh CyIUHH. [lanmi KpuBu3HA
cynuHu Oyna OOYHMCIIeHa 3a JOMOMOTOI0 JPYroi MOXiJHO1 BiA 1i KOOPAMHAT Yy MPOCTOPI.

@opMyiia KpUBU3HU MAa€ BUIIIS:

ne x', y' - MOXIJIHI NepIIOro NopsazKy, a X", y” - moxigHl Apyroro NopsaKy KOOPAHMHAT IO
napameTpy (Hampukiaa, JOBXKUHI 1yrH). [le moxigHi 00YMCIeH] 3a CKIHUEHHO-PI3HUIIEBOIO
CXEMOIO:

[Tepmuri moximHi:

' O T R T o i Vi
x'(t) = 20t BAGN 20t 0
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e X, ¥, - KOOpAMHATH 1-1 TOUKU CKeynera CyauHH, a At - JTUCKPETHUN KPOK, IO MOXHA

NPUPIBHATH 10 1 (BIACTaHb MK CYCIAHIMHU MIKCEISIMH).

Jpyri noxiaHi:

X1 —in+ x Yir™ Zyi Ty

X0 YO ¢

I1s popmyna 103BOJISIE OLIHNUTH, HACKIJIBKA CHJIBHO 3MIHIOETHCS HANpPSIMOK CYyAUHH B
KOKHIA Toull. Ilpy HOpMI KpHMBHU3HA 3aJMINAETHCS BIJHOCHO HM3BKOIO, TOAl SIK MpH
marojiorii  (Hampukmaa, I8 1BOTO  JOCHIKEHHS -  Jla0eTHYHA  PETHUHOIATIS)

CIIOCTEPIraloThCsl 3HAUHI BIIXUJICHHS Yepe3 JIOKaJbHI BUTMHU a00 MoToBIIEHHS [ 149].

2.2.1.2 BuaijieHHs1 OITHYHOI0 JUCKA HA peTHHOrpagivYHNX 300paKeHHAX

OnTu4yHUI JUCK - 1Ie 00JIacTh, Yepe3 SIKy HEPBOBI BOJIOKHA BUXOMASTH 13 CITKIBKH OKa.
Moro BUmiEHHS € BaXKJIMBUM €TAIrioOM CTaHJapTH3aIlil aHali3y, OCKUIbKMA BIH CIy>KUTb
TOUYKOIO BIJUTIKY JJISI TOJAIBIITUX OOUKCIICHB.

KoopauHati HEHTPYy ONTHYHOTO AWCKAa BU3HAYAIMCH 33 JIOMIOMOTOI0 JITOPUTMY
Xada. OrpumaHi KOOPJAWHATH IIEHTPY BUKOPHCTOBYBAJIWCH JJISI BUJIUICHHS ONTHYHOTO

nvcka. J{ms cerMeHTaliii onTHYHOTO AUCKa Oyl10 BUKOPUCTAHO METOJ KPYTOBOi CerMEHTallli:

ro= \/(x - xo)2 + (- yo)z,

ne (x oY 0) - KOOpJIMHATH LIEHTPY ONTUYHOTO JIMCKA, a T - paJilyc.

L5 dopmymna BUKOPUCTOBYETHCS AJIsi BUAUICHHS OOJACTI ONTHYHOTO JHUCKA ILISTXOM

BHU3HAYEHHS BCIX IMIKCEIB, K1 HAJeXaTh 0 Koya 3ajanoro paaiyca (Puc. 2.10) [150].
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Puc. 2.10 BuainenHs onTUYHOTO IMCKa HAa 300pakeHHI CITKIBKH OKa

VY Bumnajgky HOPMaJIbHOI CITKIBKM CyAMHHM 3a3BHYail MalOTh PIBHOMIPHY IIMPUHY Ta
3QJIMIIAIOTHECA BIJHOCHO NPSIMOJIIHIMHUMM, IO CBIAYMTH MPO 340poBUl cTaH. HatomicTh
IpU TATOJOrii, 30KpemMa [1a0eTHUYHIN peTUHOMNAaTii, CHOCTEepIraloThCcsd 3HAYHI 3MIHU:
3BY)KCHHSI CY/IMH, iXHE BUKPHBIICHHS Ta TIOPYIICHHS CTPYKTYPH, IO MOXE OyTH HACIIiIKOM
JOKANhbHUX 3amajbHUX TPOIECiB abo MikpoaHEeBpU3M. Taka Bizyami3allis JO3BOJSIE YITKO
Mo0auuTH BIAMIHHOCTI MK HOPMOIO Ta IIATOJIOTIE€I0, IO € KPUTHYHO BaKJIUBHUM JIJIs
JIarHOCTHKY Ta MOJAJIBIIIOT0 aHai3y.

OnTUYHUI TUCK € OPIEHTUPOM y 300paKeHHI OYHOTO JTHA. 3MiHA MOTO IHTEHCUBHOCTI
MO)KE€ BKa3yBaTH Ha HAOPSKOBI MPOIIECH, KPOBOBUJIMBHU 4YH IIONIKOIKCHHS HEPBOBUX
BOJIOKOH. KiJIbKiCHa OIliIHKA IHTEHCHUBHOCTI JI03BOJISIE BUSBUTH IIATOJOTTYHI CTAHH, ITOB’ I3aH1
3 MOPYIICHHSIMU B HEPBOBIM TKaHWHI YW MPUICTIIUX CTPYKTypax.

CepenHsi IHTEHCHUBHICTh ONTHYHOTO JIMCKA BH3HAYAETHCSA IIUIIXOM CTBOPEHHS
KpPYTrOBOi MacKM HAaBKOJIO ONTUYHOTO aucka [151]. BukopucToByrourn KOOpJIMHATH LIEHTPY Ta
pajilyc ONTUYHOTO JUCKA, CTBOPIOETHCS MAcKa, 3a JIONIOMOTOI0 SIKOT BUTATYIOThCS IMIKCENI
ONTUYHOTO JAWCKAa 3 Trpajaiiii ciporo 300paxkeHHs. OOYHUCIEHHS CEpPeAHLOTO 3HAYCHHS

IHTEHCUBHOCTI I[IMX IIKCEIIB JO3BOJISIE OIIHUTH CTaH ONTHYHOIO [HCKAa. 3MiHA
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IHTEHCUBHOCT1 ONITHYHOT'O JAUCKa MOXXE BKa3yBaTHU Ha Ha6p$IKOBi Impouecu, KPOBOBHUIIMBU YU

IMOIIKO/PKCHHA HCPBOBUX BOJIOKOH.

2.2.1.3 O04YHCICHHA J0BKUHH CYIHH

OO0uncneHHs! TOBKUHU CyAHH € BAKIMBUM 1HIUKATOPOM CTaHy CyAMHHOT MEpPEeX1 OKa.
Jlnst iboro B 111 poOOTi Oys10 BUKOPHUCTAHO METOJI CKeJIeTH3allli, SIKUi MepeTBOPIOE MIUPIIT
CYIMHHM Yy TOHKHMI CKeJeT, 30epiraroun OoCHOBHY (opmy Ta HampsiMok cyaud (Puc. 2.11).
Criodatky CTBOPIOETHCS Macka 300pa’k€HHS, /i€ CYIWHHU MpejcTaBieHl oauHuismu (1), a

¢don - nynsamu (0).

Puc. 2.11 ITopiBHSIHHS BX1THOTO 300paK€HHS Ta HOTO CKEeJIeTH3aIlll

[TimpaxoByroun KITBKICTh MIKCEIIB 31 3HAYCHHSIM OUIbIE HYNS (TPUITYCKAEMO, IO
niciast 00OpoOKHU, CyIMHU MaroTh MIKMPUHY B 1 mikcenb. CkeneTusanis NepeTBOPIOE CTPYKTYPY
CYIMH y OIHOIIKCETbHUI KOHTYp, IO 30epirae OCHOBHY (hOopMy Ta HANpPSIMOK CYIWHHOI
Mepeki), BU3HAUAEThCS 3arajbHa JOBXKMHA CyIUH Yy Tikcensx. Llel mapamerp mo3Bosisie
OLIIHUTH 3arajbHUN CTaH CYIWHHOI MepeXi: 3HAaueHHS JOBXUHU MOXE CBIIUUTH TPO
arpoil0 CyaIuH 4Yepe3 HEIOCTAaTHE KPOBOIMOCTauaHHS abo0 3BY)KEHHS CYIMH MpH
nporpecyBaHHi JiabeTnyHoi peTuHomarii. JIOBKWHA CyAWH JO0MOMara€e OI[IHUTU CTYIIHb

ypakKeHHS CyJJMHHOI CUCTeMH Ta BU3HauuTH ctaziito [P [152].
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2.2.1.4 O04yuCIeHHA IIMPUHHU CYTUH
OOGuncneHHsl cepenHbOl MIMPUHU CYAWH 3IACHIOETHCS 3a JOMOMOTOI OOYMCIICHHS
€BKJIIJIOBOT BIICTaH1 JJ0 HAMOMMKYIOTO (DOHY /JIs1 KOYKHOTO MiKCessl y O1HapHOMY 300paKeHH1
cynuH. JIJIS KOXKHOT TOYKH CKEJIETy CYAWHHOI MEpPEeKi BU3HAYAETHCS BIJCTaHb, IMICIS YOTO
MIMPUHA CyJUHU OOYHCITIOETHCS SIK TTOJIBOEHA BIJICTaHB (pajiiyc).
Hexait w(x,y) — mupuna cyaumau B Ttouli (x,y) ckenera. Ilpumyctumo, o
w(x,y) = 2D(x,y), D(x,y) - BiicTaHb B/ TOYKH CKeJieTa JI0 Kparo cyauHu. Toji cepenHs

IUpHUHa OOYHCITIOETHCS SK:

w= 75 X 2D(xY),
(x,y)ES
ne |S| - 3aranmpHa KUTBKICTh TOYOK CKEJIeTa CYIUH.
CepenHsi MIMpUHA BU3HAYAETHCS K CEPEIHE 3HAUCHHS MOJBOEHOI BIJICTaHI MO BCIM
TOYKaM CKEJIETy, IO JO3BOJISIE BHUSABIATH JIOKAJIbHI TATOJOTIi, Takli SK 3BY)KCHHS
(Mikpoanrionartisi) abo po3MHpPeHHs (MIKpOaHEBPU3MHU). 3MIHU Y IIUPUHI CYAMH € OTHUMH 3

paHHIX MapkepiB AlabeTuuHuX 3MiH [152].

2.2.1.5 OniHka CTPYKTYPHOI HEperyJsipHOCTI CyAMH CITKiBKM NPH Aia0eTHYHiH
peTHHOMNATII

3MiHAa TEKCTYPHHUX BJIACTUBOCTEW CyIUH (HANpUKiIai, MOsBa HEPIBHOCTEH) CBIIYUTH
PO HAsBHICTh MAaTOJIOTIYHUX MPOILECIB, BKIWYHO 3 TpoMOO3aMH KamuisgpiB Ta
(dbopMyBaHHAM MIKPOAHEBPU3M

OOuucieHHs OLIHKUA CTPYKTYPHOI HEPETYASPHOCTI CYIMH CITKIBKM MpHU AlaO0eTUYHIN
peTHHoOnarii BKJIIOYA€ aHali3 CTaHJAPTHOTO BIAXWJICHHS KPUBHM3HHU Ta IIUPUHHU CYIMHHUX
ctpykTyp [153]. KpuBu3Ha cyquH XapakTepu3ye 3MiHy HANpsIMKY CyIUH, III0 OOUHUCITIOETHCS
32 OMIOMOT' OO0 MOXIJTHUX KOOPJAMHAT CKEJIETY CYIMHHOI MEPEXi.

KpuBusna k y JBOMIpHOMY HpOCTOpi OOUUCIIOETHCS 3a JIONOMOIOK HACTYMHOI

dbopmynu:
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3/2
'@ +y' ()5

9

ne x(t) Ta y(t) - koopAMHATH TOYKW HA CKEJIETI CyIuHH, SK QyHKIIl Big mapametpa t, x'(t)
ta y'(t) - mepuni nmoxigHi, x''(t) Ta y''(t) - Apyri MOX17HI.

BapiaTuBHICTh MUPUHU CYIWH BHU3HAYAETHCSA SIK CTAHAAPTHE BIAXWICHHS IIUPUHH
CyIMHHUX CTpyKTyp. KoMOiHOBaHa MeTpHKa IJIaJKOCTI (3alporoHOBaHa y Ii poOOTI i
HA3BOIO 1HIEKC IVAJKOCTI), IKa € CYMOIO CTaHAAPTHOTO BIIXWJICHHS KPUBU3HU Ta LUIUPHUHH,

JT03BOJISIE OI[IHUTH TEKCTYPHI BIACTUBOCTI CYIMHHOI MEPEXKi:

S = ok) + o(w),

ne o(k) - crangapTHE BiIXWICHHS KPUBH3HU B3IOBXK CKEJIETY CYIWHH, a 6(W) - CTaHJapTHE
BIJIXWJICHHS! IIUPUHU CYJAMHH Y TiH caMiid JUISHI.

Hu3sbka maakicTe MOXe CBIAYMTH MPO HASBHICTH MATOJIOTIYHUX IMPOILECIB, TAKUX K
TpoMOO3u KamuisipiB abo0 ¢GopMyBaHHS MIKpPOAHEBPU3M, 110 € PaHHIMH O3HAaKaMu
nporpecyBanHs [IP. AHami3 miaakocTi Aoromarae HEHpOHHIA Mepexi BUABIATH JpiOHI
MOp(oJOTiYHI 3MiHU, HaBITh 3a BIJCYTHOCTI BHUPAXKECHUX KIIHIYHUX CHMITOMIB, IO

3abe3redye OUTbII TOYHY JAIarHOCTUKY Ta OIIIHKY CTaJIil 3aXBOPIOBAHHS.

2.2.1.6 TexcTypHMii pO3MOALI €KCYIATIB

Excynatu - me mimigHi a6o OIIKOBI BIAKIAJACHHSA VY CITKIBLI, XapakKTepHl I
nporpecyBanss JIP. KinbkicHuit anani3 ix po3nonaiiay, po3Mipy, OopMH Ta IHTEHCUBHOCTI J1a€
3MOT'Y BU3HAUUTHU CTAJIII0 YPAKECHHS.

CerMeHTaliss eKcyAariB 3AIHCHIOETbCA 3a JOMOMOIOI IOPOTOBOTO METOAY, [I€
eKCy/IaTh BUIAUIAIOTHCS SK OUTl 06macTi Ha yopHomy (owni. [licas cermenTarii 300pakeHHs

CITKIBKM OKa BHUKOPHCTOBYETHCS MAaTpHIll CIHiBBiAHOIIEHs piBHIB ciporo (MCPC) s
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aHaii3y TEKCTYpHUX BiacTuBocTel ekcynariB [154]. B paniit poboti Oyno oOuucieHo
MCPC 3 BiacranHto 1 mikcenb Ta Kyrom O rpamaycis, micias 4oro Oyslio OOYMCIEHO Pi3Hi
TEKCTypHI O3HaKH, Takl SK KOHTPACT, JAUCUMUISPHICTb, OMHOPiAHICTH Ta eHeprid. Lli
TEKCTypHI O3HAaKU HAal0Th 1HQOpPMAIII0 PO PO3NOILI, Po3Mip, GOpMYy Ta IHTEHCHUBHICTb
EKCy/IaTiB, M0 JO3BOJISIE HEHPOHHIN Mepexi KiacuikyBaTu CcTajii ypakeHHsS Ta BU3SHAYATH

CTyMiHb TIporpecyBanHs JIP.

2.3 Cucrema mapaMeTpiB JJis1 pO3MiZHABAHHS CTa/il 1ia0eTHYHOI peTUHONATII Ha
300paKeHHAX THA OKa

s 3a0e3medyeHHs] M1arHOCTUKHM A1a0eTUYHOI PETHHOMATII HAa OCHOBI 300pa)KeHb
CITKIBKM OKa C(OpPMOBAHO KOMILJIEKCHY CHCTEMY KUIBKICHMX I1apaMeTpiB, IO
XapaKTepU3YIOTh CYIUHHY MEPEKY, ONTHYHHHA JUCK Ta eKCyJaTHBHI yTBOpeHH:. KoxkHuMiA 13
IUX TapamMeTpiB, 3a3HadeHnx y Tabmwuii 1, Hece okpemy iHdopmairito mpo Mopdoorito ado
TEKCTYpYy CITKIBKH Ta, 00’€IHYIOUHCh Y BEKTOp O3HAK, JJA€ 3MOTY OI[IHIOBATH HASIBHICTb YH

B1JICYTHICTh MATOJOTTYHUX 3MiH.

Tabnuus 1. [TapameTpu 3anpONOHOBAHOTO BEKTOPA O3HAK.

Ne Hassa napamerpa Koporkmnii onuc Ta inTepnperauis

1 Jowxuna cyaus (LS) CymapHa JOBKHHA CyOWH Yy TMKcensX (ckenmetusamis). Bemwki
BIJIXWJICHHS CBIIYaTh PO YKOPOUEHHS a00 pO3ralyKEeHHs CyIUH.

2 Cepennst mmpuHa CyIuH VYcepenHeHa TOBIIMHA CyAUH y MIKCENISAX. Y HOPMI - cTaOliabHA, IPU
(MW) [aTOJIOTISIX 3MIHIOETHCS JIOKAIBHO.
3 CepenHs IHTEHCUBHICTh CepenmHsi SICKpaBiCTh JWCKa. 30UTbIIEHHS YM 3MEHIICHHS MOXKE

ontudHoro aucka (MODI) | curnanizyBatu npo HaOpsIKU, KPOBOBUIJIMBH.

4 [maakicTb CynmuHHOT [Toka3zye cTpykTypHi HEpiBHOCTI (MIKpOaHEBPHU3MHU, BUKPUBIICHHS).
Mepexi (GV)
5 Kontpacr excynariB (EC) | BimoOpaxae pi3kicTb nepexomiB IHTEHCHBHOCTI B eKCyaaTax.

Bucokuit KOHTpAcCT - MOXJIMBI aKTUBHI BOTHHUIIIA.

6 Pizuuns excynaris (ED) Mipa BiAMIHHOCTEH MIKCENiB; 3pOCTAa€ MPU 3HAYHUX KOJIMBAHHSIX
SICKPaBOCTI yCepeanH1 eKCyIary.
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ED = XPGj) - i —jI
ij

ne P(i, j) - 3HaueHHsI KUMOBIPHOCTI MOSIBU TIApU IHTEHCHUBHOCTEH
i Ta j y marpuui MCPC,
|i — j| - MOogynb pi3HMLI PIBHIB IHTEHCUBHOCTI.

(WDV)

7 OnHOPIIHICT EKCY/aTIB BusHauae piBHOMIPHICTh TEKCTYpH; HM3bKa - O3HaKa BUPAKEHUX
(ES) CTPYKTYPHUX PO301KHOCTEH.
P(i,j
ES = p—2
ij 1+(—))
8 Enepris excynaris (EE) [Tokazye crymiHp “‘ymopsakoBaHOCTI” TeKcTypH. Buina enepris
BJIACTUBA OLIBIII OTHOPIAHUM JIUITHKAM.
. N2
EE = Y P(i,j)
i
9 Kopemnsis excynaris JlinifiHa 3aleXHICTh MK CycigHIMH Tikcensimu. Jlo3Bouse
(ECO) BUSIBJISITH PETYJIAPHI UM XapaKTEpHI MaTepHU.
2(i=1)G=r)P L))
ECO = -~ ,
00,
i
ne W, Ta - cepelnHi 3HA4YeHHsI 1HTEHCHUBHOCTEH, a 6,Tac, -
CTaHJAPTHE BIAXUJICHHS IHTCHCUBHOCTEH.
10 Hucnepcis mmpunu cyaud | Po3kun (BapiaTUBHICTH) TOBIIMHM CYAMH IO BCili Mepexi. 3HauHi

BIJIXWJICHHSI MOKYTh BKa3yBaTy Ha JIOKaJIbHI MATOJIOTI].
N

— 2
Zw-w)
WDV = HT’
Jie W, - TOBIIMHA CYIHHH Ha [ - ¥ JUIAHII, W - CepeIHE 3HAYCHHS
TOBIIMHU CyauH, N - KITBKICTh NUISHOK, Ha SIKUX OIIHIOBAJACh
TOBILMHA.

Y miit gucepramiitHii po6oTi mpomnoHyeThes 10 MiarHOCTUYHUX TapaMeTpiB, SIKi

OXOILUTIOIOTh PI3HI aCMEeKTH CTaHy OYHOTO JHA 1 IMIBUIYIOTh TOYHICTH ABTOMATHYHOIO

po3nizHaBaHHs crtanid JIP: noexuna cyaun (vessel length), mo BimoOpaxkae cymapHy

JTOBKUHY CKEJIETU30BaHOI CYIWHHOI Mepexi; cepedaHs mmpuHa cyauH (average width),

yCcepellHeHa Ha OCHOBI BIJICTaHl BIJ LEHTPY CYAMHH N0 ii KpaiB; cepe/lHs 1HTEHCUBHICTb

ONTHYHOTO JHWCKa (average intensity), sika OIIHIOE SCKPABICTh y MEXax IMEBHOTO pajiyca

JIMCKa;

[IaJKICTh CYIMHHOT Mepexi (aHmi. smoothness), M0 BHU3HAYAETHCA CYyMOIO
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CTaHIAPTHUX BIJAXWICHb KPUBU3HU ¥ IIUPUHH CYIAWH, I1'ATh TEKCTYPHUX IapameTpiB
€KCy/laTiB (KOHTPACT, JUCUMUIBIPHICTh, OJTHOPIIHICTh, €HEPTis, KOPEALls), PO3PaXOBAHUX
Ha OCHOB1 MaTpHIIl YacCTOTH MosiBU PiBHIB ciporo (anri. Gray-Level Co-Occurrence Matrix,
GLCM); a TakoX OAAaTKOBHUM MOKa3HUK Aucnepcii mupuHu cyauH (width variance), mo
XapakTepHu3ye BapiaTUBHICTh TOBIIMHU CYAMH Y MEKax yCi€l CITKIBKUA H MOXeE CBIIYUTH PO
JIOKaJIbH1 3BY>KEHHS YU PO3IIMPEHHS, MpUTaMaHH1 nporpecyBanHio JIP.
Cepen 10 3anponoHOBaHUX MapameTpiB HAWOUIbII BaXXKJIMBUMH BUSBWINCH JOBKHUHA
CYIMH Ta TNAJKICTh cynuHHOI Mepexi (Puc. 2.12), mo Moxe CBIIYUTH MPO Te, 110 3MIHU B
JTOBKHUHI CyIUHHOI MEpEeXi, a TakKoX 11 IJIaJKOCTI € BaXJIMBUMH 1HIUKATOpaMu

nporpecyBaHHs 11a0eTUYHOI PETHHOMATII.

0.4 4

BincyTHicTe [P

Nerka cpopma AP

MomipHa cdopma OP

Baxka dopma AP
MponigepaTBHa peTUHONATIA

0.3 4

CepelnHe |SHAP value|

MapameTpwn

Puc. 2.12 I'padix BaxJIMBOCTI 3aIIPOIIOHOBAHUX MTapaMeTPiB.

Ileit HaOip O3HAK CyIWH CITKIBKHM OKa 3a0e3leuye HEHMpOHHIM Mepexi JeTalbHy
KUIBKICHY XapaKTEPUCTUKY CTaHy CYAMHHOI MEpEeKi, ONTUYHOTO JUCKAa Ta €KCYAAaTiB, IO
3HAaYHO TIOKpAIy€ TOYHICTh Ta €(PEKTUBHICTh MOJAEII y BHSBICHHI Ta Kiacudikarii

J1a0eTUYHOT PETUHOMATII.
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Jlnst po3paxyHKy BakauBOCTI 10 3amponoHOBaHMX TapaMeTPiB BUKOPHUCTOBYBABCS
Merton ouiHioBaHHs BaxiuBOCTI o3Hak SHAP (anmi. Shapley Additive Explanations)
BUKOPHUCTOBYETHCS IS KIJIbKICHOT OIIIHKM BHECKY KOXKHOTO J[1arHOCTHUYHOTO ITOKa3HUKA B

nporuo3 mojeni. Benununna SHAP niis i-ro nmokazHuka oO4HCIIOETHCS 3a (HOPMYIIOLO:

— [S|'(AN]=|S[=D)! B
q)i - Sg§\{i} NI [fSU{i}(xSu{i}) f s(xs)]'

ne N — MHOXHHA BCIX JIarHOCTMYHMX IHOKA3HHKIB, [ - IOKA3HHK, IS SKOIO

oOuncmoetbest 3HaueHHss SHAP, S - miamMHOXWHA TOKa3HUKIB 0e3 O3Haku I, f S(x) -
N
MPOTHO3 MOJIENI, 3aCHOBAaHUM Ha TOKa3HUKaX 3 S, a cl)l_ MOKa3ye, HACKUIbKHM JOJaBaHHS

MOKa3HUKa i 3MiHIO€ TTporHo3. Llew miaxia 103BoJisi€ BUBHAYUTH BaXKIIUMBICTh KOXKHOI O3HAKH,
0a3yrounch Ha MPUHITUIIAX KOOMEPATHUBHOI TEOPIi irop, M0 CIpHse IHTEPIPeTaIlii MOAeI Ta
BUSIBJICHHIO HAOUIbIII 3HAYYIIUX KITHIYHUX [TapaMeTpiB.

OOuucneHHs MalOTh 3MOTY 3PO3YMITH HACKUIBKM KOXEH TapaMeTp HaOIWXKae, du
BIIJIAJIIE TIPOTHO3 BIJI CEPEAHBOTO 3HAUCHHS [IJI1 BUKOPHUCTAHOI BHOIPKHM IH(PPOBUX
300paxkeHb, (opmyrodn Hallp KOe(]IIIe€HTIB ISl KOXKHOrO 300pakeHHs. JJisi MOBHOTHU
JOCITIPKEHHS, aaTopuTM OyJI0 3aCTOCOBAHO J0 BHOIPKH 300pakeHb, M0 MICTHIIA TTPUKIIAIH
kokHOi ctafii JIP. [le 703BoNMMIIO OTpUMAaTH MOKa3HUKW BKIIMBOCTI TapaMeTpiB JJIs PI3HUX
KJIaciB J11a0€TUYHOI PETUHOMATII Ta BHUSBUTHU 3aKOHOMIPHOCTI JUIsl KOXKHOI CTajil
3axBOproBaHHA. [0 mpukiamy, HopMaidbHa CYyIMHHA MEpPEkKa € BAXKIUBUM IMapaMeTPOM s
iaenTudikamii BiacytHocti JP, B Toi yac sk i mponiepaTuBHOI CTafll XapaKTepHUMHU
MOKAa3HUKAMHU € Ti, IO TIOBSI3aHI 3 €KCydaTamu, IO CBIJYUTH IMPO BEJIWUKE CKYITYEHHS
MaTOJIOTIYHOTO Marepiaty, a 3MEHIIEHHS BaXXJIMBOCTI apaMeTPy CepeHbOT IIUPUHU CYIUH
MO’K€ OyTH HACJI1JIKOM OKJIIO31i Ta MIKPOQHEBPHU3M.

Takok, mnpu mepexomi Big Jerkux Qopm giabeTMuHOl peTHHOMmATii 10

nposiepatuBHOT  CTajli  CHOCTEPITa€ThCs  MOHOTOHHE  3POCTaHHS  BaXKJIMBOCTI
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XapaKTepUCTHUK, MOB’A3aHUX 13 €KCyJaTUBHUMU MposiBaMu. [lapameTpu KOHTpacTy, pi3HUIL,
OJHOPIJHOCTI Ta €HEprii eKCyAaTiB JEeMOHCTPYIOTh MOCTYIOBE NIJBUILIEHHS CEpPEeAHIX
3HayeHb mnokazHuka SHAP, mo kopemtoe 31 30UIbIIEHHSM KITBKOCTI Ta BHUPAXKEHOCTI
NaToJNOrii Ha CITKIBII OKa. Taka TeHaeHu1s BioOpakae nornOiIeHHss MOP(HOJIOTTYHUX 3MIH
y TKaHMHAX OKa, 30KpeMa IOCHJIEHHS MOpYILIEHb MPOHUKHOCTI CYOUH 1 HAKOMMYEHHS
JITT1THO-O017TKOBUX KOMITOHEHTIB y CITKIBIII.

{1 mOKa3HUKH TICHO MOB’sA3aH]1 3 KJIIHIYHUM NEepediroM XBOpOOH, OCKIIIBKH 3pOCTAHHS
eKCY/IaTUBHUX YTBOPEHb CBITUUTH PO MPOrpeCyBaHHs CYAUHHHUX YIIKOIKEHb Ta 3alaJIbHUX
npoueciB. 31 30UIbIICHHSIM CTyNEeHs PETUHOMATii MOCHIIIOETHCS Bi3yallbHA BUPAKEHICTD
EKCY/IaTiB, IO B1IOOPAKAETHCS y 3POCTaHHI KOHTPACTY Ta PI3HUIN IHTCHCUBHOCTEH, a TAKOX

3MiHI CTPYKTYPHHX XapaKTePUCTUK (OTHOPITHICTH Ta EHEPris).

2.4 Po3paxyHOK pH3HK-NIOKA3HMUKA PO3BUTKY Aia0eTUYHOI peTHHONATII
3anporoHOBaHMM Y 111 pOOOTI PU3UK-TIOKA3HUK CTBOPEHHUH, 1100 HAJIATU KIJIbKICHY
OLIIHKY MMOBIPHOCTI MpOrpecyBaHHs a00 TSHKKOCTI 11a0€TUYHOI pETUHONATII, CIUPAIOYNCH
HAa aHaji3 300pakeHb CITKiBKU. MOrO IpPONOHYEThCS 3aCTOCOBYBATH JUIS CKPHMHIHTY UM
MOHITOPUHTY, JUIsl BU3HAUCHHS, HACKUIBKU CTaH MaI[lIEHTAa MOYKE MOT1pIIIyBaTUCS.

Y 1mpoMy MiAXOAl aHAMI3YIOThCS JBa KIIOUOBI Tapamerpu. llepmmii, KiTbKICTh
eKCy/JaTiB, 110 BiJIoOpa)kae CyMy BCIX MIKCEIIB y OlHapHIN MacIll eKCyaarTiB, 1€ OJUHUIIIMU
MO3HAYEHI €KCYAaTH, L0 XapaKTepHl s Ala0ETUYHUX YpakKeHb CITKIBKM. UMM BHILIA 15
BEJTMYMHA, TUM O1IbIIIa MMOBIPHICTH IMATOJIOTTYHUX 3MiH.

Jpyruii mapameTp, OIHOPIJAHICTh, € TOKAa3HHKOM, IO OOpaxOBYETHCS HA OCHOBI
MCPC-03HaKk 1 AEMOHCTpPY€, HACKUIbKM OJHOPIJHOIO € TEKCTypa B OO0JIACTI BUSBICHHUX
ekcynaTiB. SIKIO MOKa3HHWK OJHOPIAHOCTI MOMITHO 3MEHIIYETHCS, 11€ MOYKE CBIAYHMTH IIPO
MPOrpecyroyl MaToJIOTiuHl MPOIECH B CITKIBLI, aJ)K€ HEPIBHOMIPHICTh CTPYKTYpH IHO.I
CBITYUTH Tpo (HOPMYBaHHS [TOATKOBUX IaTOJIOTIH, YCKJIagHEeHb a00 Mpo 3arajabHy

HECTAOUIbHICTh TKAHMHU OKa.
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[{1 nBa mapaMeTpu AalOTh MOXJIMBICTH HE MPOCTO (ikCcyBaTu (PakT HAsIBHOCTI

€KCy/JaTiB, a ¥ OIL[IHIOBaTH, HACKUIbKM BOHU BIIMBAIOTH HA 3arajbHy SKICTh CITKIBKH, aJIKe

niabeTHYHa PETUHOMATISA 3a3BHYail CyMpPOBOKYETHCS 3MIHAMHU B CYIMHHIM CHUCTEMI, IO

MOTSTHE 3a CO0O0I0 TMOpYIIeHHS B OydOBI TKAHMHU Ta HEPIBHOMIPHICTH PO3IMOALTY
SICKPaBOCTI.

P03anYHOK ObOTI'0 ITOKa3HHUKa 3IliﬁCHI-O€TBCH HAaCTYIITHUM YUHOM:

1. [limpaxyHOK KUIBKOCTI TMIKCENIB, IO IMO3HAYalOTh EKCyJaTu Ha OIHApHOMY
300pakeHHI.
2. OO0'enHaHHsS BaroBUX CKJIQJIOBUX, JI€ TEpIla YaCTHHA - BPAXOBYE MACHBHICTH

€KCYyJIaTIB, a JIpyra - BpaxoBy€ HEOJHOPIAHOCTI TEKCTYypU (METPUKH, L0 MOKA3y€ HACKUIbKU

OJM3BKUMU 710 TOJIOBHOI JIIarOHAJI € 3HAYCHHS MaTPHIIl CITIBBIIHOIIIEHHS PIBHIB C1pOTro):

exudate count

1000 + (1 — homogeneity) X 2

risk
Jle moka3HUK TOMOTEHHOCTI (aHmI. homogeneity), 00YMCITIOETHCS HA OCHOBI MaTpHIIi

CITIBBITHOIIIEHHS PIBHIB C1pOro 3a (OpMyJIOH0:

N —-1N -1
g g

homogeneity = Y ). TMLZ,
i=0 j=0 +(=)

ne p(i,j) — HOpMaNi30BaHMI €IeMEHT MaTpHUIll CIIBBIIHOIIEHb PIBHIB CIPOTO, IO
BiIoOpakae WMOBIPHICTh CYMIKHOTO PO3TAIllyBaHHS IIKCEIB 3 IHTEHCUBHOCTAMHU 1 Ta j, a N
— KUIBKICTh Tpajialiii ciporo; BUCOKI 3HAY€HHS CBIYaTh MPO OJHOPIIHY TEKCTYpY, a
3HIDKEHHS I[HOTO MOKa3HUKA MOKE BKa3yBaTH Ha HEPIBHOMIPHICTh CTPYKTYPH €KCY/aTIB, 10
ACOITIFOETHCS 3 MPOrPECYIOUUMHU TATOJOTIYHUMHU TIPOIIECaMH B CITKIBIII.

3. [TpuBeaenns no aianazony 0-100 1ms 3py4HOCTI YMCIOBO1 IHTEPHPETALII].
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BignoBimHO moka3HHK 3MiHIO€ThbCA B giana3oHi Big 0 go 100, ne O Bimmosigae
HaWHIKYOMY PHU3BUKY PO3BUTKY peTuHonarii, a 100 Bkadye Ha MakCUMalbHO MOXJIUBUI
PU3UK, 10 MOXKE MOTpeOyBaTH HEBIAKIATHUX MEIUYHUX BTpydaHb. UuM BHIllE OTpUMaHE
3HAYEHHS, THUM CEPHUO3HIIIE YpaKeHHsSI CITKIBKM: BHCOKHM TOKAa3HUK CBIIYUTH PO
HasSBHICTh 200 WMOBIPHICTh CYTTEBUX IMATOJIOTIN, TOMI K HU3bKUN Oall 3a3BUYail BKa3zye Ha

BIJICYTHICTh 200 MiHIMaJIbHI O3HAKH 3aXBOPIOBAHHS.

BucunoBku 10 Po3ainy 2

Y 1pOMy pO3AiN 3aMpOINOHOBAHO BHKOPHUCTAHHS KOMIUIEKCHOTO METOAY aHaji3y
pPO3BUTKY. Y XOAl JOCHI/DKEHHS pealli30BaHO HHU3KY aJTrOPUTMIYHUX KPOKIB, IO
3a0e3Meymii aBTOMAaTU30BaHy 00pOOKY 300pakeHb CITKIBKH, BUIIJICHHS KJIFOUOBHUX O3HAK 1
(dbopMyBaHHS IHTETPAIBHOTO PU3UK-TIOKA3HUKA.

Cnoyarky OyJi0 3amporOHOBAaHO HaOlp METOAIB MOMEpPeIHbOI 00pOOKH 300paKeHb.
[TocninoBHO 3actocoBaHo (inbTparito (['ayciBChKy 1 MeaiaHHY) 33U YCYHEHHS IIyMIB, a
Takok anroputmu migBuiieHHs: koHTpacTHOCTI (CLAHE Ta po3rsrHeHHs ricrorpamu), abu
BUJIJTUTH JeTall CITKA CyauH oyHoro nHa. Kpim Toro, BpaxoBaHo moTpeOy B HOpMai3alli
SICKPAaBOCTI 300pakeHb, M0 Aa€ YyHi(pIKOBaHI MapaMeTpH ISl MOJAJIbIIOro aHamizy. Taka
KOMOIHAIIIsl TO3BOJISIE TTOKPAIIUTH SIKICTh 300pa’ke€Hb 1 OJIETTIUTH BUSIBJICHHS] pPaHHIX O3HAK
peTUHONATII.

Takoxx po3poOieHO Ta peani3oBaHO TMOCTIJOBHICT, BHUSBICHHS I cerMeHTarlli
CYIMHHOI MEpexi, sika BKJIIOUa€e BHUKOpHUCTaHHs oreparopiB Cobens ta Kani anms TodHOTO
BUJIITIEHHST KOHTYpiB. Oneparop CoOenst ciayryBaB il NEPBUHHOIO aHali3y I'PaJI€HTIB 1
BUSIBJICHHS SICKPaBO BUPAKECHUX MEX, a ieTekTop KaHi gomomMir BUAUIUTH IPi10HI CTPYKTYPH
i cnaOki KOHTYpH. AJanTUBHE NOPOTYBaHHA 3a0€3MeUMIO0 KOPEKTHE PO3/iIeHHs olnacTeit
Ha T PI3HOMAHITHUX YMOB OCBITJICHHS, 110 Ma€ BHpINIAJIbHE 3HAYEHHS JJIS BUSIBICHHS

MaTOJIOTTYHUX JIeTAJICH, MPpUTAMaHHUX J1a0CTUYHINA pETHHOMATII.
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Y poOoTi 3amponmoHOBaHO Ta pEali30BaHO BEKTOp O3HAK s KiacuQikarrii:
reOMETPUYHI NTapaMeTpu CyIuH (JOBKHHA, IMUPUHA, KPUBU3HA), IHTCHCUBHICTH ONTUYHOIO
JTUCKA, OLlIHKA CTPYKTYPHOI HEPETYISPHOCTI (K CyMH CTaHJAPTHUX BIAXUJIEHb KPUBU3HU U
HIMPUHU) Ta TEKCTYPHI METPUKU EKCYHaTiB (KOHTPAacT, JUCUMUISPHICTh, OIHOPIAHICTD,
eHepris, kopensuis). Takuil moeqHaHWM MIAX1 JA€ 3MOTY ONUCATH CYIWHHY MEpPexy u
eKCymaTu 3 TO3ullii SK MOpPQOJOTTYHUX, TaK 1 TEKCTYpHHUX 3MiH, IIOB’SI3aHUX 13
MPOrpeCyBaHHAM A1a0ETUYHOT pETUHONATII.

Y poOoTi 3amponOHOBAaHO PHU3UK-NOKA3HUK, IO JO03BOJSE OTPUMYBAaTH YHUCIIOBY
OLIIHKY KWMOBIPHOCTI a00 TSDKKOCTI PO3BUTKY AiabeThyHOi peruHomnarii. Bin 06a3yerbcs Ha
MOETHAHHI KUJTBKOCTI €KCyHaTiB Ta IXHBOI OJHOPITHOCTI, a pe3yslbTaT MAcIITa0y€eThCS 0
3pyuHoro mianazony Big 0 go 100. Lle 3abesnedye yHiBepcallbHy IIKaly, Ky MOXKHA
BKJIFOYHTH JI0 CKIIAJy PI3HOMAHITHUX CUCTEM JIJIsl aBTOMAaTU30BaHOI J1arHOCTHKHU.

3acTocyBaHHs 3alPOINIOHOBAHOTO QJITOPUTMY OOpPOOKM 300pakeHb CITKIBKH OKa
JTIO3BOJISIE€ BUSIBJISITH K CYJAMHHI, TaK 1 TKAHUHHO-TEKCTYPHI aHOMAJTIi.

3anponoOHOBAaHUI METOJ JO3BOJIIE HE JIMIIE BUSBHUTH JIOKaJbHI apTedakTH
(MIKpOaHEBpPHU3MH, E€KCydaTh, KPOBOBUJIWBU), a W OLIHUTH PIBEHb YPAXKCHHS CyIUHHOI
CHCTeMH, IO BKpail BaXKJIMBO JUISI TOCTAHOBKH J[IarHO3y Ta MPOTHO3YBAHHS IMOAJBIIOTO
nepebiry 3axBOprOBaHHS. 30Kpema, OIIHKa TJIAIKOCTI CYIMHHOI Mepexi (y poOoti
3aMpONIOHOBAHO HA3UBATH ii OKA3HUKOM CTPYKTYPHOI HEPETYISIPHOCTI) A€ 3MOTY BUSBUTH
npiOHI 3MiHM B MOPQOJOrii CyIMH HaBITh Ha IMOYATKOBUX cTaiisax /[IP, komm kiiHIYHI
CUMIITOMH BUPaXEHI 111€ HE3HAUHO.

CdopmoBaHi 03HAKHM MOAAIOTHCA HA BX1Jl 3alPONOHOBAHOI B JaHii poOOTI riOpuaHOi
HEHPOHHOI MEpexi, fKa PO3MISIHYyTa B HACTYNIHOMY pO3IUIl 1, fIKa MO€JHYE IIMOOKE
BWJIYYEHHS O3HAK 13 MPOCTOPOBHUX AaHUX Ta BeKTOp (izionoriunux mapametpis. Lle mae
3MOTy MOOyayBaTu OUIbII THYYKY W TOYHY MOJEIb IarHOCTHKU, B SKIA KOMIIJIEKCHO
BPaXOBYIOThCS SIK BUSBIICHI aBTOMAaTUYHO aOCTPaKTHI PUCH, TaK 1 YITKO BU3HAYEHI CYIUHHI
Ta TEKCTYPHI XapaKTePUCTUKU. Y Pe3yibTari A0CIATraeThCs OUIbII BUCOKA y3arajibHIOBAJIbHA

3[IaTHICTh, MOTPIOHA 111 MEAUYHUX CUCTEM MIATPUMKHU IPUUHATTS PILLIEHb.
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3aranoM KOMIUIEKCHUI METOJ, 3allpOTNIOHOBAHUN Yy PO3AUIL, JEMOHCTPYE MOETHAHHS
KJIACMYHUX METOJIB LU(PPOBOI 0OpOOKH 300pakeHb, METO/IB CEIMEHTAIlll, TEXHIK aHaI13y
Ta OOYUCIIEHHS TEKCTYPHUX 1 TE€OMETPUYHHMX O3HAaK, a TaKoX 3alpONOHOBAHOIO

PHU3HUK-TIOKa3HHKA.
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PO3/LI 3 PO3POBKA AJTAIITUBHOIO MIIXOY 10 MOBYIOBU
MOJIEJIEN NIMBOKOTO HABYAHHSA JUISA KJIACU®IKAII 305PAKEHD
OYHOT'O THA

3.1 ApXiTeKTypHu HeHPOHHHUX Mepe:K s kiaacudikanii 300paxkeHb 0YHOTO JHA

VY 1t poboTI TIpeACTaBICHO MiAXid, 10 00’ €AHY€E TPATUIIMHI METOIU PO3PaxXyHKY
O3HaK (MIKpOaHEBPU3MHU, KPOBOBUIIMBH, TBEPJII Ta M sIK1 eKcyaaTH, Aedopmaliii a00 3MIHU B
CYIMHHIM Mepexi, HaOpSIK MakKyidu) 3 aHajIi30M 300paKeHb OYHOTO JIHA 3a JOTIOMOTOIO
IITMOOKHUX 3TOPTKOBUX HEMPOHHUX MEPEx s Kiacudikailii 300pa’keHb CITKIBKM OKa 3a
CTajiIMH J1abeTUyHOi peTHHomaTii, a came: BiacyTHICTh /[P, nerka nemnpomideparusua /1P,
nomipHa HernpoiideparuBHa [P, Baxxka Henpomideparusnaa JIP, npomideparusua [IP.

Takuii miaxig 103BOJISIE KOMIUIEKCHO BUKOPHUCTATH 1H(OpMAII0 PI3HOrO TUNY Ta
MOXO/PKEHHS, 110 IM1/IBUIIYE IHTEPIPETOBAHICTh Ta €()EeKTUBHICTh KIHIIEBUX PE3YJIbTATIB.

Ha Biaminy Big TpaguiiiiHoro miaxoxy, ae 3HM 3actocoByeTbes, K €qUHUN
THCTPYMEHT U1l aHaiizy 300paxkeHHs (Puc. 3.1), 3ampomoHoBaHa JBOpIBHEBAa CTPYKTypa
HEHPOHHOI Mepexi crepiry ¢GopMye aHATITHYHO 3pPO3yMUIMA BEKTOP O3HAaK, a TOTIM
JIOTIOBHIOE HOTO TMUOOKHUM TIPEACTAaBICHHSM 300payKEHHS 32 JOMOMOTOI0 MIapiB 3TOPTKOBOT
HEHPOHHOT MEPEXKi.

B pesynbrarti, Mmonenb Ha ocHOBI ResNet50 HelipoHHOT Mepexi 31aTHa BpaxoBYBaTH,
K KJIACUYHI NATepHHU, B1IOMI OPTaIbMOJIOraM, TaK 1 CKJIaJIHI HEPETYISIPHI CTPYKTYpH, IO
4acTo HE MIJJIaI0ThCsl TMpocToMy dopMansHOMy omucy. lle mae MOXIUMBICTH JOCITTH
Kpaioro OajaHCy MDK YyTIMBICTIO JO PI3HOMAHITHUX 3MiH y CITKIBII Ta 37aTHICTIO
BUSIBJIITH HETPUBIaJIbHI 3aKOHOMIPHOCTI.

VY 3ampomnoHOBaHOMY TMIJAXOJI, Y JIBOPIBHEBIM CTPYKTypi HEHUpOHHOI Mepexi Ha
NEPIIOMY PiBHI BUKOHYETHCS HE3aJIe)KHE BU3HAYCHHS JBOX THIIB O3HakK. [lepriwii Tum - e
JIOKaNbHI Ta T00aibHI 03HAaKW. MoBa e mpo BU3HAYEHHS MapaMeTpiB CYAMHHOI MEpexi
(1OBXXMHA, NIUPUHA, KPUBHU3HA CYAWHHUX CETMEHTIB), OIIIHKY 1HTEHCHBHOCTI SICKPABOCTI

MIKCEJIB B 007acTl ONTHYHOTO JMCKA, BUSBIECHHS €KCYJATIB 3 PO3PAXYHKOM X TEKCTYPHHUX
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XapaKTEPUCTUK (KOHTPACT, OJHOPIAHICTb, €HEPris, KOPEJSIis), a TAKOXK 1HII METPUYHI Ta
CTATUCTUYHI TMOKAa3HUKU. JIIs 1BOro 3aCTOCOBYIOTHCA METOAU OOpPOOKH 300pakeHb:
MIJCUJICHHS KOHTPACTy, 3MEHIICHHS PIBHA IIyMy, BHUSBICHHS KOHTYpIB, aJanTHBHA
cerMeHTailisi, Mop(doJoriyHi omeparlii Ta ckejeTrusamis. Yci Il KPOKH JaloTh 3MOTY
OTPUMATH KIJTBKICHI OIIHKH, 5IKi, 32 YMOBH IPABUWIHHOI MapaMeTpu3ailii, OMU3bKi 10 THX, 10
3aCTOCOBYIOTBCSl JIIKapsSIMHU TIPU aHaji3l 300pakeHb. BaXJIMBUM MOMEHTOM € Te, IO Il
napamMeTpy MO)KHA HAJIAIITOBYBaTH, 3MIHIOIOYH PIBHI MOPOTIB, CTPYKTYpPY MOP(OIOrTYHUX
CJIEMEHTIB, IO JIO3BOJISIE QJanTyBaTH CHUCTEMY JI0 pI3HUX YMOB OTpPHUMaHHS
o TanbMOJIOrYHUX 300pakeHb Ta 10 pOOOTH 3 PI3HUMH THUIIAMH MaTOJIOT1H.

[TapanensHO 3 hopMyBaHHIM BEKTOpa JIOKAJTHHUX Ta IIO0AJIBHUX O3HAK, TE€ K caMe
300pakeHHS MOTAETHCS Ha BX1Jl 3TOPTKOBOI HEMPOHHOT MEPEexKi, MOOYI0BaHOI Ha apXITEKTypl
ResNet50 [155]. OOpanuii BapiaHT MEPEXKI - 1Ie KOMIPOMIC Mk INTMOMHOIO apXiTEeKTypH Ta
obuncmroBaibHUMU  moTpedamu: ResNet50 € MeHII KOMIUIEKCHOI, HIK MO
ResNet-apxiTekTypu, TpoTe€ BCE 1€ 3JaTHa BWJIyYaTH BHCOKOPIBHEBI OCOOIMBOCTI.
3MEHIIEHHS KIJTBKOCTI MIApiB CHPHUSA€E 3HMKEHHIO BUMOT 70 OOYMCIIIOBAIbBHUX PECYpCIB Ta
yacy HaBuaHHi. Mepexxa ResNet50 ompanboBye 300paxeHHs Oe3nocepeaHbo, HE
BUMararoJ CKJIAQTHUX JOMEHHHX HaJaIlTyBaHb, i BU3HAYA€E y3arajibHEHI O3HAKH, TaKi sK
MaTepHU PO3MOAUTY CYAWH, TEKCTYPHI MEPEeXOAM MK HOPMAJIbHUMH Ta IMaTOJOTIYHUMU
JIISTHKaMU, HasiBHICTh CTPYKTYp, XapakTepHux juis pizHux ctafid JP. Ile BucokopiBHeBUit
OMHC, KWW MOXHA pO3MIANATH SIK ‘“‘CEMaHTUYHY 1HTEpHOpETallil0 300pa’KeHHs, 1110 HE
O0OMEXY€EThCSI By3bKUMH O3HAKAMHU.

Ha npyromy piBH1 00ujBa HAOOpU O3HAK - 3alPOINOHOBAHY B JaHIl poOOTI CUCTEMY
JIOKaJIbHUX Ta IIO0AJIbHUX O3HAK CTPYKTYp CITKIBKM OKa Ta HaOlp O3HAaK, OTPUMAaHHUM 3
BukopuctanHsiM ResNet50 mpomnonyerbesi 00'enqnatu. Take KOHKaTeHYBaHHSI CTBOPIOE
PO3LIMPEHUN TTPOCTIP O3HAK, 110 MICTUTH SIK KIJTbKICHI METPUKH 3 KJIACUYHOT OOpOOKH, TaK 1
rOuHHI  mpencTtaBieHHs. lleli o0’emHaHMii BEKTOp TIOJAETHCS 1O MeETaMepexi,

moOy/10BaHoi 13 MOBHO3B s13HUX IapiB (aHm1. Dense layers) [156], mapiB Hopmasmizaiii Ta
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1apy BHKJIIOUEHHS HEHpoHiB (aHmi. Dropout), mpu3HaueHOMY ISl PerysIsipu3alii mTyqHO1
HEHPOHHOI MEpEX1 3 METOIO 3an001ranHs nepeHaByanss [157].

3anponoHOBaHa B JaHii poOOTI apXiTEKTypa MeTaMepeski BUKOPUCTOBYETHCS IS
IHTErpyBaHHs IIUX JBOX THUMIB iH(oOpMalii Tak, moo mij yac kiacu@ikaiii BpaxoByBaTH i
BEJIMKi, YITKO BHUpPa)KEHI MaTojorii (Hampwkiaa, KPOBOBWIIMBH), 1 JIEb TMOMITHI 3MIHU B
CYIMHHIA Mepexi. ApXITEKTypa JI03BOJISE 11 MEpPEKi aBTOMAaTUYHO BU3HAYUTH, SIK came
BapTO 3BAXKYBaTH TI YW I1HINI O3HAKU. 3MIHIOIOYM KUIBKICTh HEHPOHIB B Mepexi (3
MOYaTKOBOIO KIUJIBKICTIO TIapiB, MO JIOpiBHIOE 58 Ta 133 HelipoHamMH y TOBHO3B SA3HUX
mapax), piBeHb Dropout (Skuii BUMIAJKOBUM YHHOM BiJKJIIOYA€ MIEBHUM B1JICOTOK HEHPOHIB
miJ 4ac TpeHyBaHHS HEHPOHHOI Mepexi, o0 3amo0irTh mepeHaBUYaHHIO Mopeni), abo
3aCTOCOBYIOUM Pi3HI (YHKII aKTHBaIlli, MOXXHAa BIUIMBAaTH Ha 3JaTHICTh MeETaMepexki
y3arajabHIOBaTH 1H(OPMALIIO II0AO0 CTPYKTYpH CITKIBKM OKa B HOPMI Ta B BHIIAJIKY
MATOJOTIYHUX 3MiH. 3O0LTBIICHHS KUTBKOCTI MapameTpiB B 3alpOTOHOBaHIM MeTaMepexki
npu3Bee 10 TMOJIMIIEHHS TOYHOCTI 3a JOCTaTHbOI KUIBKOCTI HAaBUAJbHUX JaHUX, aje
COPUYMHHUTD MiABUINEHHS PU3HUKY MEepEeHaBUAHHS. 3MEHIICHHS 0OYMCIIIOBAIBHOT CKIIaTHOCTI
B I[bOMY BUNAJKY Ja€ 3MOTY PO3TOpTaTH MOJENb Ha MPUCTPOSAX 13 0OMEKEHUMHU PECYypCaMHU
Ta MIBU/IIIE MPOBOJAUTH aHAJI3 BEJIMKUX 0OCSTIB 300paKeHb.

Piernr Dropout BmnmBae Ha y3araidbHeHHs. Bucokwmii piBeHb Dropout (Hampukian,
50%) poOuTh MOjEIbL OLIBII CTIMKOIO JO MEpEHABYAHHS, ajle MOXKE OOMEXKHUTH 11 31aTHICTh
edektuBHO HaBuatucs. Husbkuii piBenb Dropout (manmpuxnaza, 10%) 30epirae Oinbiry
MOTY>KHICTh MOJIENI, ajie BOJHOYAC IMIJBUIIYE PU3MK TepeHaBuanHs. MexaHism Dropout
3MYIIIy€E MOJETh HE TOKIAJAaTHUCS Ha OKpPeMi HEHPOHW, CHPHUSIOYM Kpalliid 3[aTHOCTI JI0
y3arajJbHEHHS.

VY uiii poGoti Oyno BunpoOyBaHO HHU3KY BaplaHTIB apXITEKTyp HEHPOHHUX MEpEex
po3Mi3HaBaHHS CTajli A1a0eTUYHOI PEeTHHOMNATIi, sIKI MOXHAa YMOBHO IOAUIUTA Ha TPHU
TpyTIH.

[lepmia rpyna - 1€ BUKJIIOYHO IIIMOMHHI MepexXi 0e3 BUKOPUCTaHHS MOMEpPeIHbO

pPO3paxXOBaHUX JIOKAJIBHUX O3HAK 300pakKeHHs CITKIBKM OKa: IIMOOK1 BapiaHTH ResNet,
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InceptionNet, EfficientNet, siki 7eMOHCTPYIOTh BUCOKY TOYHICTh, aJlé BUMAraroTh CyTTEBUX

O0OYHCITIOBAIBHUX PECYPCIB.

BxigHe
306pakeHHsA

3ropTKOBI Wapu

3'eqHyBanbHUM
wap

MoBHO3BA3HI Wapw

Pesynbrat
"« _ Knacudikauii

BupineHHsa o3HakK

Knacudoikauia

Puc. 3.1 Cxemarnyna peanizamis 3HM s knacudikamii cramaii 1P

Hpyra rpyna - 1ie MoJiedi, ie ONepeIHbO PO3Pax0OBaHi JOKAIbHI O3HAKU 300pasKeHHS

CITKIBKM OKa BHUKOPHCTOBYIOThCS $IK pgomarkoBuid Bxiam a0 3HM. Taki apxitekrypu

3aCTOCOBYIOTh OUTBINI CKJIQJHI MPOLEAYpH 1HTErparii (3MUTTS) JaHUX 1 9aCTO BUMAararoTh

BUKOPHCTAHHS CIICIliai30BaHUX MOJYJiB yBaru (aHmi. Attention mechanisms) - miaxomny y

MaIlllMHHOMY HaBYaHHI, SIKMU J03BOJIS€E MOJAENI BUJUIATH HAWOLIBII BaXKJIMBI YaCTHUHU

BXIJIHUX JaHUX 117 9ac oO4YuMCIeHHs mporuosy [158].

Tpers rpyma, 10 $KOi HaJEXHUTh OCTaTO4YHa 3alpoOIlOHOBaHA B JaHId poOOTi

apxiTektypa metamepexi (Puc. 3.2), monsrae y ABOpIBHEBIN CXeMi: CIepIly MOMEpeaHii

pO3paxyHOK 3alpoIrOHOBAHOI B JaHI pPOOOTI CHUCTEMH JIOKAJbHUX MapameTpiB CYAUH

CITKIBKH OKa, sIKa CKJagaeThes 3 10 mapameTpiB, K1 XapaKTEepU3yIOTh CTaH CYIMHHOI CITKH,

napayiellbHO BU3HAUYCHHSI TIIMOMHHUX O3HaK 3a jornomororo 3HM, a motiMm 06’ eqHanHS 000X

npeAcTaBieHb y Mertamepexi. Takuii cmocid € OuIbIl ONTHUMaJbHUM, ajpKe HaJae
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MOKJIUBICTh THYYKO HAJIAIITOBYBAaTH MEPIIMKM PIBEHBb 1]l KOHKPETHY 3ajady Ta anaparHi

OOMEXEHHS, @ TAKOXK HaJlae MICLE JUIsl IHTerpanli JOKaJIbHUX O3HaK.

BxigHwin BEKTOP BxigpHe
O3HaK 306paKeHHs
¥ [NOBHO3BA3HI 3ropTKOBI
7x7 Conwolution
) . wapu wapu
MOBHO3B'A3HWMIA P —— P
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) 1x1 Convolution 131 Convolution
33 Convolution +
1 33 Convolution 3x3 Convolution
1x1 Convolution ¥ s
151 Convaidtion 11 Convolution 1x1 Convolution
1xic§mnlmm i - 1
Lap Hopmanisauii 3<3Camciten vt | (iGmeinn | I
. T G BXafio:wdlllon JxSOoImImon SXSConm
6aT'4IB o mtwm 1x1condwon 1x1ou|-wwon 131 Corwvolution
1x1 C;NMM 1 . +
+ 11 Convolution 11 Convolution 1% 1 Convelution 11 Convolution
33 Canvolution 3 i 4 +
: - 33 Gonvolution 3% 3 Convolution 33 Convoluton 3% 3 Convolution
11 Convolution 1 1 'y 3
. 1 Convoluti 1%1 Convolution Convolution 11 Convolution
BunagkoBe 11 Camoision B | —
BigcidyeHHA 1561 Convolution ]
HeﬂpOHiB = + = ‘ 11 Convdution 11 Convolution

+ Sxicotwdu!hn 3><3c:mdmm
L) : 11 cnt'mlmm
II——‘
MakcumanobHe
obeaHaHH#A

-

LWap obegHaHHA

|

[TOBHO3B'A3HUI
wap

N

Bunagkose
BigcCiYeHHsA
HEeWpOoHiB

)

BuxigHWi BekTOp

Puc. 3.2 3anponoHoBaHa cTpyKTypa HEHPOHHOT MEPEXI
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[Ipy moOpiBHSIHHI 3 IHIIMMHU peani30BaHUMHU apXITEKTypamu Oyj0 BiJ3HAUYEHO, IO
HalOUIbII MOTYKHI DIMOMHHI MEPEXkKi, PO3LUIMPEH] 32 PaxyHOK CKJIAJHUX MOIYJIB yBarw,
JTIACHO Jar0Th Kpally TOYHICTh, OJHAK MOTPeOYyIOTh Yy KiJdbKa pa3iB OuIbllle Yacy Ha
HaBYaHHS 1 00YuCiIeHb. bkl TOro, Takli MOJEN1 BaKue IHTEPIPETYBATH, OCKUIBKHU JOKAJIbHI

O3HAKM 300paKCHHS HE BIJICH] BiJl ITTMOOKUX, OTPUMAaHUX HEHPOHHOIO MEPEKEIO.

3.2. Apanramisi apxiTeKTyp HEHMpPOHHHX Mepex [0 3aJa4vi BHUABJICHHS
niadeTH4YHOI peTHHONATII

VY miit poGOoTi 3ampornoOHOBAHO KOMIUIEKCHUM MiIX1iJ 10 Kiacudikaiii 300pakeHb
CITKIBKM OKa, CHOpsSMOBaHMM Ha MJIarHOCTHKY JiabeTnyHoi peruHomnarii. Jlns 1poro
3aCTOCOBAHO YOTHUPH apXITEKTYypH HEHPOHHMX Mepex s minbokoro HaByaHHs (ResNet,
VGG, Inception, EfficientNet), koxkHa 3 sikux Oyla aganToBaHa mmij crnenudiky aHamizy
ciTkiBkd. Kpim Toro, 3acTOCOBaHO ABOPIBHEBY CTPYKTYpY, IO MOETHYE JOMEHHI O3HAKH,
[JTMOMHHI TPEJCTABICHHS Ta METaMEpeXy IJis 1HTerpaili pesyjabTaTiB, a TaKoX I STh
KJIACHYHUX  aJNTOPUTMIB  MAIIMHHOTO HABYaHHS JUIsi KOHTPOJBHOTO  TOPIBHSHHS
€(hEeKTUBHOCTI.

VY 3anpononoBaHiii Moaudikamii apxitekrypu ResNet-50 Oyno 3aMiHeHO MOYaTKOBI
¢bineTpu 7x7 HaA TOCHIAOBHI 3rOpTKOBI mmapu 3x3, 3 METOI MiABUIICHHS YyTJIUBOCTI 0
TOHKHMX CYIMHHHUX CTPYKTYp CITKIBKU. BBeneno mexanismu yBaru (anri. ECA-Block) [159],
SKi 3a0€3MeUyI0Th aKIICHTYBAHHS Ha PEJICBAHTHHX KaHajaX, Ta BIPOBAHKEHO PO3IIUPEHY
Hopmaumizamito (anrmi. Layer Normalization with Batch Normalization) mist craGimizamii
IpaJil€HTIB MPU HEOJHOPITHOCTI AaHuX [160].

Y monudikoBaniit apxitektypi VGG-16 BrpoBapkeHO mapaienbHi TUIKK 3 QiIbTpaMu
3x3 Ta 5X5 s omHOYACHOTO BHWJAUICHHS 1HGOpMaIli momo jaetaneit 3o00pakeHHs. Mix
CTEKOBUMH OJIOKaMH (ITOCHIAOBHE I'PyIyBaHHS KUIbKOX IIIApIB) AOAAHO MOMAYJI yBaru JJis
sroptkoBoro 070Ky (anri. Convolutional Block Attention Module), ki 103BOJISIOTE MOIET1
aJIaTUBHO BUIUISITH PEJIEBAaHTHI OOJNACTI 300pa)K€HHS, 30CEPEHKYIOUUCh HA MAaTOreHHUX

30HAaX, XapaKTepHUX Js AlabernyHoi peruHomnarii [161]. Momgyni yBaru aiasi 3ropTKOBOTO
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070Ky CKJIaJaloThcs 3 JBOX KOMIIOHEHTIB: KaHAJIbHOI yBaru, sika BHU3HAYa€ HAWOIIBII
BOXJIMBI KaHAJIM O3HAK JUIS aHaji3y [aToJiorid, Ta MNpPOCTOPOBOi yBaru, sika
BUKOPHUCTOBYETHCS JUIsl (DOKYCYyBaHHS MOJIEII Ha KIIFOUOBUX JUISTHKAX 300paKeHHs . 3aBIsSKH
UM MeEXaHI3MaM MoJielb e(eKkTuBHile po3mi3Hae crneuudiuni nposisu P, Taki sk
MIKpOAHEBPU3MH, KPOBOBWJIMBU UM €KCyIaTH, ITHOPYIOUM HEpEJIeBaHTHI JeTani (oHy, 110
3HAYHO TOKpaImlye ii 31aTHICTh 0 Kiacudikaiii Ta BUSBICHHs martojoriii. Ha dinanpHUX
MOBHO3B A3HUX LIapax IHTErpPOBAaHO LIAp JUIS peryisipu3alii MTYyYHOI HEMPOHHOI MEpEexl,
MPU3HAYCHUM 1 3ar00IraHHs IepeHaBuYanHs Mepexi (anmt. Dropout) Ta 3MeHIIIEHO po3Mip
MOBHO3B A3HUX MIApiB, 110 MOJIMIIMIO y3arajJbHEHHS Ha oOMexeHuX Habopax nanux. Lli
3MIHM JJadd 3MOTY Kpallle aHaji3yBaTh TOHKI CYIWHHI aHOMaii Ta BUSBISTH €KCYIaTH 3
BHUCOKOIO JETaII3all€r0.

B Inception-v3 BOpOBa/)KEHO TUIKM 3 JAWJIATOBAHMMM 3rOPTKAMU Ta KOMOiHaIIi
¢bineTpiB pizHUX po3mipiB (1x1, 3x3), M0 A03BOJISIE OJHOYACHO OXOILUTIOBATU JIOKAIBHI Ta
r100aibHI  0COOMMBOCTI 300pakeHb CITKIBKH. TakoXX J0JaHO MOAYJIl CTUCHEHHS Ta
30ymkeHHs (aHm1. Squeeze-and-Excitation) mMix okpemumu rinkamu Inception-0Onokis, ne
3TOPTKA PIZHUX PO3MIPIB PO3PAXOBYIOTHCS TMapayieNibHO, MICHS YOT0 IX pe3yJbTaTd
noeAHyroThesa [162]. HaBuanHs Mojesli BUKOHAHO 3 BUKOPHUCTaHHSAM ayrMeHTarli Mixup,
3aBISKU YOMY ITIJIBUINEHO CTIMKICTH JO Bapialiii JaHWX Ta PO3LMIUPEHO 3MATHICTH MOJIEII
i1eHTH(iKyBaTH PI3HOMAaHITHI TTaTOJI0T14H1 mposiBu JP.

VY wmopgeni EfficientNet peanizoBano macimitaOyBaHHS ITTMOMHM Ta LIMPHHM IIapiB,
3017BIIIEHO PO3MAUIBHY 3[aTHICTh BXIIHUX 300pakK€Hb Ta 1HTETPOBAHO CTAHIAPTH3AIIII0 Bar
(anrn. Weight Standardization) [163]. Apanramiss 10 300pakeHb CITKIBKUA JI03BOJIMJIA
3aXOMUTH OUIbIIE APIOHUX JeTaleH.

OkpiM apXiTeKTyp DIHOOKMX HEUPOHHUX MeEpeX, y poOOTI 3amporoHOBAHO
BUKOPHUCTAaHHSI TPUPIBHEBOI CTPYKTYPH, sSIKa MOEAHYE JIOKAJIbHI Ta I100aJbHI O3HAKU CYIUH
ciTkiBku oka, muouaai 3HM Ta metamepexy. Ha mepmioMmy piBHI BUKOHYETHCS 0OpoOKa
300pakeHb 111 GOpMYyBaHHSI MacUBY MOMEPEIHHO PO3PAXOBAHOI CUCTEMHU JIOKAIBHUX O3HAK

300pa)KE€HHsI CITKIBKM OKa, a caMe: JIOBKHHAa CYIWH, IX CEpelHs IIHpUHA Ta KPUBU3HA,
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IHTCHCHBHICTh ONTHYHOTO JHMCKA, TEKCTYPHI XapaKTepUCTUKU eKCyaaTiB. i migBUIIICHHS
HAJIMHOCTI OyJI0 3aCTOCOBAaHO ajbTepHAaTUBHI (QuibTpu ['abopa, sSKi MIACHIIOIOTH JIIHIMHI
CTPYKTYpHU CYOUH TIpHU PI3HUX KyTOBUX OpieHTaIisx. Takok Oyno 3actocoBaHO (iIbTpu
Top-Hat ta Black-Hat - mopdonoriuni GuisTpu [1uist BUSIBICHHS ClieUU(DIYHUX BIIXUIECHD Y
sckpaBocTi. Pe3ynsrarom € Bektop 3 10 yncioBux o3Hak [164].

Ha apyromy piBHiI BXigH1 300paKeHHsI POMYCKAOThCs yepe3 apxiTekTypy ResNetlo6.
AnpoOOBaHO CXEMH arpecuBHOI ayrMeHTalli 300pa)keHb (BHIAIKOBI MOBOPOTH, 3CYBH,
3MiHY SICKpPABOCTI Ta KOHTpacTy, Bukopuctanus MixUp), 3aBIsKu 4oMy MOKpAIIEHO poOOTYy
IIPU PI3HOMAHITHUX YMOBaX OCBITJICHHSI T4 CTPYKTYp CITKIBKU. 3aBIskH UM 3axofgam 3HM
371aTHAa BUSBISATH CKJIAAHI TAaTepHH Ta CPOPMYBaTH BUCOKOPIBHEBUI BEKTOpP ITMOMHHUX
O3HaK.

Tpetiii piBeHb - MeTaMepexka, peajizoBaHa SK HaOlp MOBHO3B SI3HUX IIApIB 13
HOpMaJi3aiiero BUOIpOK Ta peryisipusaiicro Dropout. BrpoBamkeno akrtuariito ReLU, a
TaKOX y JICSIKUX BHUIIQJIKaX MATKOTO 3I71a/pKyBaHHS Ta HEeMHIHHOCTI (aHT1. Swish a6o Mish)
- HeNHIMHUX (PyHKLIM aKTHUBaILlil, K1 MOKPAU[YIOTh HABYaHHS [NIMOOKUX HEUPOHHUX MEPEXK
32 pPaxyHOK IUIaBHOTO MEPEXOay MK HETaTUBHUMH Ta TMO3UTHBHUMH 3Haue€HHAMH [165],
00 MIABUIIUTH 3[ATHICTh IO MPEICTABICHHS CKJIAIHUX (DYHKI[IOHAJIBHUX 3aJI€KHOCTEH.
[{s meramepeka OTpPHUMY€ Ha BXiJl KOHKaTCHAII0 JIOKAJbHUX 1 TIHMOMHHMX O3HAaK Ta
ONTUMI30BaHa ISl TIOETHAHHS IIUX JBOX THUIIIB 1H(OpMAITii.

30UTbLIEHHS KIJTBKOCTI HEMPOHIB Y TOBHO3B I3HUX 1Iapax 10 256 y nepuioMy mapi ta
64 y HACTYITHOMY JI03BOJIMJIO T1JIBUIIIMTH TOYHICTH O€3 301IbIIeHHS nepeHaByanHs. Dropout
Ha piBHI 0.5 3MEHIIMB pU3MK NEpPEHABUYAHHSA Ha HEBEIUKHUX BHOiIpkax. [[si mopiBHSHHS
e(eKTUBHOCTI TIMOMHHUX MOJETCH 3 KIACHYHUMU METOJaMU MAIIMHHOTO HaBYaHHS,
TaKUMU SIK METOJI OTIOPHUX BEKTOPiB, METOIM aHCAMOJIEBOIO HaBUAHHS TaKi sIK BUIMAIKOBUHN
JIC AepeB NPUUHSATTS PIlIEHb Ta rPajleHTHUM OyCTHHI JE€peB MPUHHATTS pPIICHb Ta 1HIII.
Krnacudikatop Ha OCHOBI METOAY OMOPHUX BEKTOPIB 3 Pa/iaibHOI0 0a3UCHOI0 (DYHKIIIEIO
(RBF-sa1po) HaBueHo 3 omntumizoBaHuMu napamerpamu C Ta gamma, SIK1 BU3HAYaIOTh

MOBEJIHKY KJIacu(ikaropa Ta BIUIMBAIOTh HA MOTO 3/1aTHICTh JO y3arajlbHEHHS Ta aJamnTailii
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HaBYAJBHUX JIAHUX, KJIacU(pIKaTOp Ha OCHOBI BHIMAJKOBOTO JICy JIepeB pillleHb (aHIII.
Random Forest) - 13 3011bpII€HOI0 KUIBKICTIO JAepeB Ta ix mmouHor. Knacugikarop Ha
OCHOBI Mertomy JorictuuHoi perpecii (anrmi. Logistic Regression) BOpoBajpkeHO 3
perymspuszaiieto L2, sika gofae mrpadHy BeJIMUUHY 0 (PYHKIT BapTOCTI, IO JOPIBHIOE
KBaJpaTaM BEJIMYMH KOEQIIIE€HTIB MOJEII, YUM Ma€ TEHACHIIIIO 3MEHITYBaTH KOC(IIi€EHTH
MEHIII BaXJIMBUX O3HAK [166] misi 3HMWKEHHS TepeHaBYaHHS, a Kiacudpikarop Ha OCHOBI
MeTony k HaOIMKYMX CYCIIB - 13 MiAIOpaHUM YHUCIIOM CYCIJIB Ta BArOBOIO CXEMOIO OLIIHKU
BIJICTaHI.
[IporpamHy peanizaiiro MOAY/IiB 0OpoOKH 300pa)kKeHb OYHOIO JIHA Ta MAIIMHHOTO
HABYaHHS 3 BHUKOPHUCTAHHAM KJIACHYHMX METOIIB Ta 3alpONOHOBAHOI AapXITEKTypH
MeTaMepexi 3I1MCHEHO 3 BUKOPUCTAHHSIM MOBHU TporpamyBaHHs Python ta BiakpuTux

616mioTex gynkiiii [167]. OcHoBHI BUkopucTani 010110TeKku HaBeAeHo B Tabmuiri 2.

Tabmuns 2. Bukopucrani BiIKpuTi 610710TEKH PYHKITIN.

TensorFlow/Keras [168] BuxopucroByeTbest 1151 TOOYI0BM HEMPOHHUX MEPEXk, BKIIOUAIOUH MOJEINb
ResNet50, momyni Dropout, Concatenate, GlobalAveragePooling2D, 1o
peaizye orneparito MyJIiHTy TOIIO.

OpenCV [169] BuxopucroByeTbest st 00poOku  300paxkeHb  (momepeAHst 0OpoOka,
CTBOPEHHS MAaCcOK, BU3HAYCHHS €KCY/IaTiB, CETMEHTAIlisI CY/IHH).

NumPy [170] BuxopuctoByetbcss s poOOTH 3 MacMBaMM JIaHMX 1 MaTeMaTHYHUX
oriepartii.

Matplotlib [171] BuxopucrtoByeThcs 1u1st Bizyasnizaiiii 300pakeHb Ta moOy/10BU TiCTOTpaMm.

Scikit-image [172] BukopucroByeTbest Ui cerMeHTallii 300pakeHb Ta 00UMCIIEHHS! TEKCTYPHUX
O3HaK.

SciPy [173] BuxopuctoByeThes muist GinabTpalii 1aHuX.

Flask [174] BuxopuctoByeThcsi ISl CTBOPEHHS ~ BeO-IONATKy, IO  JO3BOJISIE

3aBaHTAXXyBaTH Ta aHAJII3yBaTH 300paKEHHS.

Pandas [175] BukopucroByeTbes A1 00poOKH TaOMMYHKUX TaHUX.

Tqdm [176] BuxopucToBy€eTbCS 151 OLIHKU ITPOrpecy HaBYaHHS.

Werkzeug [177] BuxopucrtoByeThes 1uist podotu 3 paititamu ta cecisimu y Flask.
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BucnoBku 10 Po3ainy 3

VY miit yactuHi poOOTH 3aMPOTIOHOBAHO AJANTUBHUM MIiJX1J 0 CTBOPEHHS MOJENei
[JIMOOKOT0 HABYaHHS, CIIPSIMOBAHMX Ha aBTOMATHU30BaHE PO3Mi3HABAHHS CTaAll A1a0eTUYHOT
peTHHOMATIi 3a 300pakeHHAMH OYHOTO gHA. OCHOBHA 1/1€sI TIOJIATAE B TOMY, III00 TOETHATH
KJIACUYHI CHOCOOM aHamizy MEIUYHUX 300paKeHb 13 MOMKJIMBOCTSIMHU 3TOPTKOBUX
HEHPOHHUX MEpEeX, 3 OJHOYACHUM PO3PAXyHKOM O3HAK (JOBXKHWHY, IIMPUHY, KPUBH3HY
CY/IUH, TEKCTYPHI XapaKTePUCTUKU €KCYJaTiB TOIIO0), 10 MOXYTh CBIIYUTH MPO ypaKEHHS
CyIMH B pa3l 11a0eTUYHOI PETHUHOIATIi Ta BHCOKOPIBHEBE IMPEJCTABICHHS 3 NIMOOKOT
3TOPTKOBOI HEMPOHHOI MeEpeXi 3 3alpolOHOBAHOK B JaHIM pPOOOTI TiOPUIHOIO
apxitekTyporo. Takuil miaxin 3abesrneuye THYUKICTh 1] Yac HaJallTyBaHHS aJrOPUTMIB
00poOKM 300paXkeHb Ta Ja€ 3MOTY BUSBIIATH P13HI MATOJIOTIUHI 3MIHM, IO € XapaKTepPHUMU
JUTst pi3HUX (PopM MiabeTHIHOT peTHHOMATI.

JInst AOCSTHEHHS 1I€T METH 3alpOINIOHOBAHO 3aCTOCYBaHHS TPUPIBHEBOI CTPYKTYpPH.
Criouyatky OOYMCIIOIOTHCS JIOKAJIbHI Ta IIOOAJIbHI NMOKA3HUKH CTAaHY CITKIBKH: METPUKU
CYIMHHOI Mepexi (BKJIIOUYHO 3 TEOMETPUYHHMU Ta TEKCTYPHUMHU XapaKTEPUCTUKAMM).
[lapanenbHO Te came 300pa’k€HHS IMOJAETHCA HA BX1J 3rOPTKOBOI HEMPOHHOI MEpexi, sKa
eKcTparye OaraToBUMIpHI mpezcTaBieHHS. Ha HacTymHoMmy erami oOujaBa HaOOpH O3HAK
00’ €THYIOTbCSl Y €IMHUN BEKTOP, 110 MICTUTH 1 3alPONOHOBAHUN B AaHI pOOOTI KOMILIEKC
napameTpiB CyIuH, 1 HEJHIWHI O3HaKH, BU3HAYEHl HEHpoMepexero. 3aBepliaibHUM OJIOK
(MeTamepeka) OTpuUMye 00'eqHaHMI HAOIp O3HAK, MICISA YOro BIJOYBAETHCS TIPOIEC
HAaBYaHHS Ta YyXBaJICHHS PIIICHHS I0AO0 HAsSBHOCTI 3aXBOPIOBaHHSA Ha Jia0eTHUYHY
PETUHONATIIO Ta BU3HAUEHHS ii CTajli, BU3HAYAIOUM BIJIMOBIJHI Baru JJig KOKHOTO THUITY
BXIJIHUX JIaHMX. 3aBISKA I[bOMY MOJEJIb MOXKE PO3Ii3HABATHU K BUPAXEHI, Tak 1 CJIa0Ko
MOMITHI MaTOJIOT14H1 YTBOPEHHS.

Y xomi pAochmiKeHHS OyJI0 TaKoK ampoOOBaHO KidbKa TMOMYJISAPHUX TIHOOKUX
apxitektyp, Bkiatodaroun ResNet, VGG, Inception ta EfficientNet, amantoBanux mif

cnenudiky peTuHaIbHUX 300pakeHb. [ns mpuxianay, B ResNet-50 3MiHEHO mNOYaTKOBI
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GbinpTpHU, JOAAHO MOAYJI YBard i 3aCTOCOBAHO PO3IIMPEHY HOPMAJIi3allifo, IO TiABHIILYE
30ATHICTh 1O poO3Mi3HaBaHHS ApiOHUMX cyauH Ta ekcyaariB. ¥ VGG-16 posroprHyTo
napayiesibHi TIIKA 3 GUIBTpaMH PI3HOTO PO3MIPY, JTOJAHO JETEKTOPH yBaru Ta aJanTUBHUN
OYyJIIHT, 0 Ja€ 3MOTYy Kpallle BUAUIATH CYTTE€BI aeTaii (Taki ik ekcynaarH). Inception-v3
oTpuMaja po3raiayKeHl OJIOKM 3 PI3HOMaHITHUMH (GIIbTpaMH 1 JOJATKOBHUMH MOIYJISIMU
Squeeze-and-Excitation, a B EfficientNet mocuneno macmrabyBaHHsS IMIapiB 1 BXIJTHUX
300pakeHb. YC1 11 apXiTeKTypu 3MIHEHO Tak, adu MOjeNib OUIble OplEHTyBajacs Ha
CYIMHHI CTPYKTYpH ¥ BIACTHBI A1abeTUYHINA peTHHOMNATIi apTedaKTu.

Peanizamis 3niiicHioBanacss MoBoio Python 13 3aidyuyeHHsSM Takux 1HCTPYMEHTIB, SIK
6i6miorexkn TensorFlow/Keras, OpenCV, NumPy Tta Matplotlib. 3okpema, 6i0Gmioreka
OpenCV BUKOPHUCTOBYBaJIaCch JJisi orepalii GpiabTpallii Ta BUAUICHHS KOHTYpIB, 010/110TeKa
TensorFlow/Keras - qy1st moOy10BH i HaBYaHHSI HEUPOHHUX Mepex, O10mioTeka scikit-image
- JUISE METOJ[IB CErMEHTAIlil CYIMH 1 PO3PaxXyHKy TEKCTYpHUX METpHK, a 010mioTexku Pandas i

tqdm - 171 MIATOTOBKY JaHUX 1 KOHTPOJIIO 32 IPOTrPECOM HaBYAHHS.
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PO3/ILI 4 BACTOCYBAHHS PO3POBJEHOI'O METO/IY ITONEPEJTHHOI
OBPOBKH 30B5PAKEHHS CITKIBKH, KOMILJIEKCY 3AITPOIIOHOBAHUX
O3HAK TA PI3HUX APXITEKTYP HEMPOHHUX MEPEX JIJISI ININBOKOI'O

HABYAHHS MOJEJIEX 1JIS1 JIATHOCTUKHA JIABETUYHOI PETUHOIIATII

4.1 AnaJi3 HaOopy JaHUX 300pakeHb CITKIBKH OKa /ISl HABYAHHSA Mo eJieil
HEHPOHHUX MEPEeK 3 METOK0 PO3II3HABAHHA 1ia0eTUYHOI PETUHONATII TA BUSHAYECHHS
cTajil pO3BUTKY XBOpOOH

JI71st CTBOpPEHHS Ta TECTyBaHHS 3alPONOHOBAHUX METOIB PO3Mi3HABAHHS 11a0€TUYHOT
peTuHONarii Ta BHU3HAYEHHS CTafiil 1i pO3BUTKY HA OCHOBI IMMMOMHHOTO HaBYaHHS Oyi0
BUKOPUCTAHO HAOIp JaHMWX 13 300pa)KEHHSIMU CITKIBKHM OKa, OTPUMAHHH 13 BIIKPHUTOI 0a3u
JnaHux 300paxens ounoro gHa APTOS [76].

[{s Oa3a OXOIUTIOE TIMPOKUM CHEKTP KIIHIYHUX TPOsABIB, 3adiKCOBAaHMX Ha
byHIyC-3HIMKaX OYHOTO J[HA, BKJIIOYHO 3 MOYATKOBUMHU MIKPOAHEBPU3MaMU, MOOJIUHOKUMHU
Ta MHOXHHHUMHU TE€MOpParisiMH, €KCYyIaTUBHUMHU YpPaKEHHSMU, HEOBACKYISAPU3AIIECI0 Ta
BAXKUMH MPOJTiPEepaTUBHUMH MPOIIECAMH.

Koxxne 300pakeHHS, 110 PO3MIIIEHE B LIbOMY HaOOpi JaHUX, OyJI0 MONEpeaHbO
aHoToBaHe (haxiBISIMU-O(PTAITBMOJIOTAMHU BIAMOBIIHO JI0 I’ STH MPUWHATHX Yy MIKHAPOIHIN
kinacudikamii  cramii:  BiacytHicte  JIP, nerka HempomideparuBna JIP, momipHa

HenpomideparuBHa /[P, Baxxka HenpomideparusHa P, mponideparusna AP (Puc. 4.1).
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r) A)

Puc. 4.1 Ilpuknaau 306paxens 3 6a3u ganux APTOS: (a) - 3mopoBe oko, (0) -
HemnpouidepaTUBHA pETUHOIIATIA, (B) - penpoideparuBHa peTuHonaris, (T) -

npoiQepaTuBHA pETUHOMATIS , (1) - HilabeTHYHA MaKyJIONaris.

OpHak, MOYaTKOBUM PO3MOJALI JAHUX 3a LIUMU CTaA1sIMU OyB CyTTE€BO HEPIBHOMIPHHM.
B manomy HaOopi NaHuUX MepeBa)xaloTh BUMAAKKA 0€3 O3HAK MAaTONOrii, a TaKOXK MOMIpHA
cTadisi, Tonl sK paHHsa crtamis (anni. Mild) Ta Tsxki (ammi. Severe 1 Proliferative)
MPEACTABICHO BIJHOCHO MajoOl0 KUIbKICTIO 300paxeHb - 370, 193 Tta 295 300paxeHb
BiamoBigHO. [TomiOHa He30aIaHCOBaHICTh KIJIBKOCTI JaHUX Y PI3HUX Kjlacax MPU3BOAHUTH 10
HeOe3MeKN 3MEHIIEHHS! KOPEKTHOI K1acupikalii BaKIMBUX KITHIYHUX (POpM XBOpOOU.

[Tepen 3acTocyBaHHSM 3a3HAYEHOTO HAOOPY JAAHUX, YCi 300pakeHHs OyJIO MPUBEICHO
0 po3Mipy 224x224 mikceliB 3 METOK OTPUMAHHS OJHAKOBHMX 3a PO3LILHOIO 3aTHICTIO

BX1qHUX JgaHux. Jlo nmpoBeaeHHs yHigikamii 300paxkeHHs B Habopt  APTOS
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XapaKTEPU3YyBAIIMCS CYTTEBOIO BaplaTUBHICTIO PO3AUIBHUX 3AaTHOCTEH (HAMMOIIMpEHil
Bapiantu e 2000*2000 mikceni Tta 3000*4000 mikceniB), amke Oynu OTpUMaH1 3 PI3HUX
JOKEpeIT Ta pi3HUX Mojeliel pyHyc-Kamep.

PeanizoBane y miii poOOTI 3HWKEHHS PO3AUIBHOI 3AaTHOCTI J0 224%224 e
paIlioHAIPHAUM  KOMIIPOMICOM MDK  1H(OPMATHUBHICTIO, 3pPy4YHICTIO OOYHCICHb Ta
MPaKTUYHUMHU  OOMEXEHHsSMH  pecypciB. g 1poro 3actocoByBaiucs  (QyHKIT
MacmTabyBaHHSI Ta 1HTEpHoiAUii. 3okpema OyJ0 BUKOHAHO JABOBUMIpPHE MaclITaOyBaHHS
300paKe€HHS 3 BAKOPUCTAHHSAM JIHIAHOT IHTEPIOISIIII.

[Ipu nBoBUMIpHOMY MaciiTaOyBaHHI 300pakeHb 3a JOIMOMOIOK  JIIHINHHOT
IHTEPMOJIAIIi, 3HAYEHHS IHTCHCHUBHOCTI ImKcens y Todli (X,y) HOBOIO 300pa)KeHHS
OOYMCITIOETHCSI HA OCHOBI YOTHPHOX CYCIJIHIX MIKCEJIB OPUTTHATBHOTO 300paKeHHSI.

Hexait (X,Y) - xoopauHatv y BHUXiJIHOMY 300pa)X€HHi, 110 BIAMOBiIAIOTH (X,Y) y

MacutaboBaHomy, a X 0= [X], YO = [Y] - minouncensHi iHACKCH HaiOmmkdoro mo (X,Y)

BEPXHBOTO JIBOTO mikcens. Toxi:

I'(x,y) = I(XO,YO) (1 - -p + I(X0+ 1,YO) co(l — B) +
+ I(XO,YO+ D-A-ap + I(XO+ 1,Y0+ 1) - af,

Jac
0(=X—X0,0S0(<1,

B=Y-Y,0<B<L

Kpim TOro, takuii miAXiJl MOJETIIMB MOPIBHSAHHS PI3HUX APXITEKTYpP 3TOPTKOBUX
HEHPOHHUX MEPEX, OCKUIBKM BOHH OTPUMYBAJIM CTAaHIAPTH30BAHUN HAOIp MIKCEITHHUX

BX1JHHUX O3HAK.
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Jns mononanHs mpoOiaeMu He30aIaHCOBAHOCTI JIaHUX Y PI3HUX Kilacax, 110 BUHUKJIIA
yepe3 pi3Hy KUIBKICTP TPUKIAAIB KOXHOI cTamii AiabeTudHoi peruHomarii, Oyna
3aCTOCOBaHA ayrMEHTAIlls JaHUX.
Ha Puc. 4.2 nokazaHo 1Mo4aTkoBHM pO3IOALT 300pakeHb 3a KjacaMH, SIKUW BUIISIAB
HACTYITHUM YHWHOM:
e Biacyruicts [IP: 1805 300paxkens;
e Jlerka ¢opma JIP: 370 300pakeHs;
e [lomipna ¢opma JIP: 999 300pakeHs;
e  Baxxka ¢popma JIP: 193 300pakenns;

e [IponideparuBna peruHomaris: 295 300pakeHb.

KinbkicTb 306pa)<eHb y KoXHili kaTeropil

17501

1500 -

1250 1

1000

KinbkicTb

750 1

500 -

250

BiacyTHicTe OP Nerka OP MNomipHa AP Barkka OP HponiQ}epéTMBHa ne

KinbKicTb 306pa)<eHb y KOXHIil kaTeropil

17501

1500 -

1250 1

1000

KinbkicTb

750

500 A

250

ap BigcyTHicTe AP

Puc.4.2 [louaTkoBuil po3noaisl 300pakeHb 3a KiacaMmu
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3 MeTor0 30aaHCyBaTH PIAKICHI KJIacu OyJIO 3aCTOCOBAHO KOMOIHAIIII0 TE€OMETPUIHHUX

1 KOJIIPHUX MEPETBOPEHb, 100 30UIBIINTH IX KUIBKICTh 1 BOIHOYAC 30€pEerTy peaeBaHTHICTh
Bi3yaJbHUX O3HaK. 30kpema, obpano moopoTu (Ha 90°, 180°, 270°) (Puc. 4.3 ta 4.4),
BiI3epkasieHHs (anri. flip), maciraOyBaHHs, 3CyB 300paeHb, a TAKOXK 3MIHY SICKpaBOCTI,
KOHTpacTy Ta HacuueHocti (y mpocropi HSV, xomipuiii momeni, 3acCHOBaHIN Ha TPbOX
XapaKTEPUCTUKAX KOJIBOPY: KOJIPHOMY TOHI (aHTI. hue), HacudeHoCT! (aHTI. saturation) Ta
3HaueHH1 KoJibopy (aHri. value). Takuil HaOlp TEXHIK JaB 3MOTY 3T€HEpPYBaTH JOCTaTHbO
PI3HOMAaHITHI BapiaHTH 300pakeHb, a0u 30LIBIIUTH PO3MIP BUOIPKU JJI PIAKICHUX KIIACIB 1

MOKPAIUTHU 3araJIbHY 3aTHICTh MOJIEI /IO y3arajabHEHHS.

OpuriHanbHe MNepeTBopeHe

Puc. 4.3 Tlpuknaa cTBOPEHHS HOBOTO 300pa)KeHHSI IIJITXOM 3MIHEHHS KOHTPACTy Ta

nmoBopory Ha 90°

Taki mepeTBOpEeHHS IMITYBaJId Pi3HI YMOBHU 3MOMKH OYHOTO JHA Ta BaplaTUBHICTh
Horo Tomorpadii, AO3BOJIAIOYM IUTYYHO PO3MIMPUTH BAPIATUBHICTh KIOYOBUX O3HAK

MATOJIOTIH 32 TOTIOMOTOI0 PI3HOMAaHITHUX PaKypCiB Ta MPH 3MIHHOMY PiBHI KOHTPACTY.
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OpWriHanbHe [epeTBopeHe

Puc. 4.4 Tlpuknaa cTBOpEHHS HOBOTO 300paXkKeHHSI IIJITXOM TOBOpOoTYy Ha 90°

[ToyarkoBO, KJacM 3 HEAOCTAaTHBOIO KUIBKICTIO 300pa)keHb, Takl SK Ba)KKa
peTuHONarisi, OTpUMaAIM HAWOUIbIY KUIBKICTh JIOJATKOBUX 300paKeHb  IUIIXOM
MYJBTUIUTIKAIl OJHOTO OpHUIIHAJIBHOrO 300paxkeHHs y 5-10 HOBUX 13 pI3HUMU
MEPETBOPEHHSAMH, HATOMICTh KJIACH 3 KPaIor0 MPEICTABIEHICTIO (IK-OT HOpMa, BIJICYTHICTh
J1a0eTUYHOI peTMHONarii) 30UIbIIYyBAJIMCS JIMIIE HAa HEBEIMKUU BicOTOK (m0 15%). YV
pe3yabpTari OyJlio BCTAHOBJIEHO IUIBOBY KUTBKICTH 300paskeHb i KOKHOTO Kiacy (2000
300pa)keHb), MICIS YOTo JJIS KOKHOTO Kiacy c(hOpMyBaliu JOCTATHIO KUIBKICTh Bapiallii,
o0 JOCArTH 3a7aHoro mopory. Takum 4yuHOM, yci Kiacu HaOyau MNpUOIM3HO PIBHOI
KUTBKOCTI TPHUKIAAIB 0€3 HaaMIPHOI CXOXKOCTI MDK 3reHEpOBAHMMH 300paKEHHSIMHU 1
3arajbHa KUIbKICTH 300paxenb 3pocia 10 10 tucau (2000 Ha kokeH kjac). 30UIbIIECHHS
KUTBKOCTI 300pakeHb CITKIBKM OKa 3 PIAKICHUMH Kjacam# 3a JIOTIOMOTOI0 ayrMEHTaIlii
TaKOXX JTO3BOJIMJIO PO3IIMPUTH OXOTUICHHSI BaplaHTIB KIIHIYHUX TMPOSIBIB, MOKPAILYIOUH
pO3Mi3HaBaHHS MIKpOaHEBPU3M, €KCYaTiB, TeMOpariii Ta MOYaTKOBUX O3HAK Mposridepartii.

JInst oriHIOBaHHS TOYHOCTI MOJENe 1 3a0esmedeHHs iXHBOI CTaOLTBHOCTI Oyna
BUJIIJIEHA TecToBa BHUOIpKa, sika craHoBuia 10% Bin ycix manux. TecTtoBa BuOipka He
BUKOPUCTOBYBAJIaCsA il Yac HAaBYaHHS YW HaJAIITyBaHHS MoOjenel, 3a0e3mnedyrodn
HE3JICKHY OIIIHKY TOYHOCTI MOJIEJIi Ha HOBHUX, paHillie HeBiIOMUX naHuX. Pemra manmx

Oysa po3mojijieHa Ha HaByajbHY Ta BajijaliiHy BUOIpKH y cmiBBigHOImEeHHT 80:10
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BiAmoBigHO. Jlyia 30epekeHHs MpOmopIii KiaciB y BciX BUOIpkax OyB 3aCTOCOBaHUU
cTpaTtu(iKOBaHUM MOALI, IO 3a0€3MeYnsI0 PIBHOMIPHE MPEACTABIEHHS KIIACIB y KOXKHIN
M IMHOKHUHI.

Jnst 1onaTkoBOi MEpEeBIpKUA MOAENEN 1 3HUKEHHSI PU3UKY OTPUMAaHHS MEPEOLIHEHUX
pe3yabpTariB Oyja BUKOPHCTaHA Kpoc-Bamiaaiis. Y paMKax I[bOTO MIIXOMy JaHl HaBYaJIbHOT
BUOIpKHU OyIu po3JIiJieH] Ha 5 TIMHOXUH (5-KpaTHa Kpoc-Bajlijiailis), e Ha KOKHIN 1Teparii
YOTHUPHU TIIMHOKWHA BUKOPHUCTOBYBAJIMCS Ui HABUAHHSA, a OAHA - JJIs Bajigarii. Takwii
MIIX11 TO3BOJIMB OTPUMATH y3arajbHEHI pe3ylbTaTH Uisi oOpaHuX MOJeleil Ta 3HU3UTU
PU3HMK 3aJIeKHOCTI B1I KOHKPETHOTO po3moiiny aaHux. Ilicims xpoc-Bamijaliii ocTaTouHi
METpuKkH Oyau oO0uuciIeHl Ha TeCcTOBid BUOIpmi st 3abe3medeHHs 00’ €KTUBHOCTI

PE3YJIbTaTIB.

4.2 IlopiBHSIHHA Pe3yJIbTATIB MAIIMHHOTO HABYAHHS /ISl Pi3HUX apXiTeKTyp
HEHPOHHUX MeEpex

Y upoMy po3aull TOPEeACTaBiICHO pe3yabTaTH POOOTH aJITOPUTMIB  MAIIUHHOIO
HABYAaHHS, 3aCTOCOBAHUX JIJISl JIAarHOCTHKHU J1a0ETHYHO1 peTHHomnarii. AHami3 0a3yeThcs Ha
OILIHIII €(EKTUBHOCTI Mojeied J0 1 MiCis 3acCTOCYyBaHHS 3alpONOHOBAHHMX AJTOPUTMIB
MoTepeIHL0T 0OPOOKH TaHUX Ta ABOPIBHEBOI CTPYKTYPH 3 BUKOPUCTAHHSIM BEKTOPIB O3HAK.

Y 0azoBii kKoH(piryparii, 0e3 101aTKOBOI TMOMEPEIHbOI OOpPOOKH 300pakeHb,
pe3yJIbTaTh PI3HUX MOJEEH MAIIMHHOTO HaBYaHHS HaBeleHo y Tabmuii 4.1. Sk BumHO,
METpPUKH TOYHOCTI (aHT1. Accuracy), moBHOTH (aHm. Recall), Tounocti kinacudikarii (anr.
Precision) Ta Fl1-mipu (anmi. Fl-score) 1eMOHCTPYIOTh 3HaYHY BapiaTUBHICTh 3aJI€KHO Bij
CKJIQJHOCT1 MOZEJII.

I'miboki HeMponHi mepexi, Taki sk DenseNet-121, EfficientNet-BO ta ResNet-50,
MoKa3ajdu BUILY TOYHICTH kiacudikamii Ha 5 kmaciB (80%, 80% Tta 78% BIAMOBIIHO)
MOPIBHSHO 3 KJIACMYHUMH aJTOPUTMAMH MAaIllTMHHOTO HaBYaHHS, TakuMu sik Random Forest
(60%), Gradient Boosting (60%) ta SVM (65%). OnnHak mnpocTi Mojeni, 30Kpema

[lepuenTpon (OgHOIIApOBHU), MOKA3aIM 3HAYHO TipIll pe3ynsTaT - jume 50% TOYHOCTI.
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[le cBimUUTh PO OOMEKEHI MOKIUBOCTI TAKUX MOJIENEH Y CKIaAHUX 3aa4ax Kiacudikari

300pakeHsb.

Tabmuus 4.1. Pe3ynsrary MAalIMHHOTO HaBYaHHS [0 3aCTOCYBaHHS 3alpONOHOBAHMX

aJTOPUTMIB TOTNIEPEAHHOI 0OPOOKHM Ta ABOPIBHEBOI CTPYKTYPH 3 BEKTOPOM O3HAK.

JIEPEB PIlIEHb

Mogens Tounicts | [lonepenns | F1- | Bincytns | Jlerka | ITomipna | Baxka | IlponidepatuBna
0o0poOka | score P 1P 1P JIP 1P

DenseNet - 80% Hi 82% 83% 78% 80% 77% 82%
121
DenseNet - 86% Tak 88% 90% 85% 87% 83% 88%
121
DenseNet - 75% Hi 77% 78% 73% 75% 72% 76%
121 - Lite
DenseNet - 82% Tak 84% 86% 81% 83% 79% 85%
121 - Lite
EfficientNet - 80% Hi 83% 84% 79% 81% 78% 83%
BO
EfficientNet - 88% Tak 89% 92% 87% 89% 85% 91%
BO
EfficientNet - 78% Hi 79% 82% 77% 79% 76% 81%
Lite
EfficientNet - 85% Tak 86% 89% 84% 86% 82% 88%
Lite
ResNet - 50 78% Hi 80% 81% 77% 78% 75% 80%
ResNet - 50 86% Tak 88% 89% 84% 87% 83% 88%
ResNet - 16 70% Hi 72% 73% 68% 70% 66% 72%
ResNet - 16 75% Tak 77% 78% 72% 74% 70% 76%
Bunaaxoswuii 60% Hi 62% 62% 57% 60% 55% 61%
aHcamOI1b
JiepeB pillleHb
Bunankosuii 67% Tax 69% 69% 64% 66% 62% 68%
aHcamOIb
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['panienTHMIA 60% Hi 62% 63% 58% 61% 56% 62%
OyCTUHT

['pamienTHHI 68% Tak 70% 71% 66% 68% 63% 70%
OyCTHHT

bararo - 60% Hi 58% 62% 57% 59% 54% 61%
LIapOBUM
epUENnTPOH

bararo - 68% Taxk 67% 71% 66% 67% 63% 69%
HIapOBHU
NEPLENTPOH

Merton 65% Hi 67% 68% 63% 66% 60% 67%
OTIOPHHX
BEKTOPIB

Meton 73% Tax 74% 76% 71% 73% 68% 75%
OTIOPHHX
BEKTOPIB

Hepeso 55% Hi 56% 58% 52% 55% 50% 56%
MPUKAHSITTS
pillieHb

Hepeo 61% Taxk 62% 63% 58% 60% 55% 62%
NPUKAHSITTS
pimeHs

['panienTHMt 62% Hi 64% 65% 60% 63% 57% 64%
OyCTHHT
aHcamOITI0
JiepeB pillleHb

I'panienTHMI 70% Tak 71% 73% 68% 70% 65% 72%
OyCTHHT
aHcamOITI0
JiepeB pilleHb

[Ticnst BIpoBa/PKEHHS 3aMpONOHOBAHMX AJITOPUTMIB MOMEPEAHKOI OOpOOKH HaHUX,
TakMX $IK ajanTuBHe BHpiBHIOBaHHA rictorpam (anmi. CLAHE), Bupanenns npiOHux
00’€KTIB Ta TOKpAIICHHS KOHTPACTY, Pe3y/lbTaTH MOJEIeH 3HA4HO ToKpamuiucsa. Kpim
Toro, Oyia peasi3oBaHa JIBOPIBHEBA CTPYKTYypa, IO MOEAHYE BUXOAU TITHOOKHX MoOjeneH 3

BCKTOPaMHM O3HaAK.
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3aranoMm yci Mojeil MPOJEMOHCTPYBAJIM MOKpPAIIEHHS] METPUK, SIKE BiOOpakeHEe Y
Tabmumi 3. Haiibuipie 3pocTaHHS TOYHOCTI PO3MI3HABAHHS J1a0ETHMYHOI PETHHOIATII
criocTepiraeTecs y mmbokux mepex, Takux sk EfficientNet-BO (Tounicts 3pocna 3 80% 1o
88%), DenseNet-121 (3 80% 10 86%) ta ResNet-50 (3 78% m0 86%). Lle miarBepKye, 110
nornepeHss 00poOKa 3HAYHO MIABUIILYE AKICTh POOOTH MO/l TITHOOKOTO HaBYAHHS.

Cepen KJIaCHYHUX aJITOPUTMIB HaHO1IbIIE TTOKpallleHHs mpoaeMoHcTpyBaiu Gradient
Boosted Trees Ta SVM: tounicte SVM 3pocina 3 65% a0 73%, a tounicte Gradient Boosted
Trees - 3 62% no 70%. Lle cBiguuTh mMpoO Te, MO0 HABITH MPOCTI MOENI BUTPAIOTH BiJl
nonepeHb01 0OPOOKHU JaHUX.

3a 6asy mist BeO-3acTOCYHKY Oynio oOpano apxiTektypy ResNet-50. 3anmpononoBana
moaudikariis ResNet-50 momnsrae B aganTaiiii apXiTeKTypH JJi1 00POOKH MYJIbTUMOIAIBHUX
nanux. [eski mapu ResNet-50 BUKOPUCTOBYETBCS, K eKCTpakTopu o3HakK. Kpim 1poro,
JIOJIAaHO JPYTUi BXIJIHMM IIap, Ha BX1J SIKOTO TOJAETHCS YHCIOBUH BEKTOP JOJATKOBUX
o3Hak. L{i 1Ba TMNM naHuX MoenHyOThCs yepes map o0’ eaHanHs (anmi. Concatenate), 110
J03BOJISIE 1HTErpyBaTH 1H(POpPMALII0 3 pI3HUX JDKEped B €JUHUN NPOCTIp O3HAK IS
MOJIAJIBIIIOT OOPOOKH.

[licns o0’egHaHHS O3HAK JOJAIOTHCS  JOJATKOBI IMOBHO3B’S3HI IIApH, SIKi
y3arajapHIOITh 1H(OPMAII0 Ta 3a0e3MeuyroTh ii amanTaiiro 10 KiacuikariiHol 3agadqi.
dinanpHui KiacudiKaiiHUK ap aganToBaHO JJIs 5 KiaciB, 110 BIANOBIIAIOTH CTaHIsIM
niabetnyHoi petuHonarii. Taka moaudikaiis 103BoJIsIE MOJENI BPaxOBYBaTH SIK Bi3yasibH1
O3HAaKM 300paKeHb, TAaK 1 JIOMATKOBY i1H(OpPMAIII0 3 BEKTOPIB, IO IMOKPAIILye€ TOYHICThH
Kkiacudikalii Ta ii 3AaTHICTh PO3MI3HABATH BAXKJIMBI ATOTEHHI 0COOIMBOCTI.

Sk mokazano B Tabnuisx pe3ynbratiB, ResNet-50 meMoHCTpye 3HaYHE TTOKpAIICHHS
MiCJsl 3aCTOCYBAaHHS aJTOPUTMIB TOMEPENHbOI OOpPOOKH, Aocsraroun TodHOCTi 86%, me
TOYHICTIO € BIJHOIIEHHS KUIBKOCTI MPaBWIHHO KiIacH(ikoBaHUX HUPPOBUX 300pakeHb 10
3arajbHOT KIJTBKOCTI.

ResNet-50 n03BoJisie BHUKOPUCTOBYBATH TEXHIKM, TaKl $SK 3MEHIICHHS KUIbKOCTI

napameTpiB M KoHBepTauis moaeni y popmar TensorFlow Lite - ontumizoBaHoi Bepcii 1uis
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BUKOPUCTAHHS B CEPENOBHUINAX 3 OOMEKECHHMHU OOUMCITIOBATBHUMH PECYpPCaMH, TaKUX SK

MOOUIBHI TIpUCTPOi. Lle 3HaYHO 3HMIKYy€E Yac BIAMNOBIAI Ta CIOKHBAHHSA NaM ATI, IO €
KPUTHYHHM JIJIS IHTEPAKTUBHUX BEO-T0aTKIB.

Ax nponemoHcTpoBaHO Yy wiil poboTi, ResNet-50 y xomOiHalii 3 BeKTOpaMu O3HaK

MoKa3y€e BHUCOKI pe3ylbTaTH Miclsi JOJaTKOBOi morepenHboi oOpoOku. lle mo3Bomsie

HIABUILIUTU TOYHICTh MOJIEN1 0€3 3HAYHOTO YCKJIQAHEHHS apXITEKTYpH, 1110 € BaXJIMBUM IS

3a0e3MeueHHs IIBUIKOTO Yacy BiAMOBi/II BE0-3aCTOCYHKY.

4.3. Big0ip Haiikpamoi MojeJIi HeHPOHHOI MepesKi 1Sl AIAarHOCTHUKH Aia0eTHYHOI
peTHHONATII

VY oMy po37iTi IPOBEIEHO aHalli3 pOOOTH PI3HUX MOENeH MAIIMHHOTO HaBYaHHS 1
MOOKUX HEHPOHHHX Mepek. MeTow JaHoro asamizy Oyao BH3HAUEHHsS HaWKpamoi
apXITeKTypH MJig BUPIMICHHS TIOCTABICHOI 3ajadi JIarHOCTUKHU. JlOCATHEHHS BHCOKOI
TOYHOCTI KJIacudiKallli 3HAaYHOIO MIPOIO 3aJIeKUTh HE TUIBKU BiJl apXITEKTYypU MO, aJie i
B1JI SIKICHOTO OTHUCY BXIJTHUX JaHUX.

BekTop po3paxoBaHHMX O3HAK BKJIIOYAB TaKl XapaKTEPUCTUKH, SK JOBXKWHA CYyIHH
CITKIBKH, CEpEeIHs IIMpUHA CyOUH, a TaKoK TEKCTYpHI OCOOMMBOCTI EKCY/aTiB
(KOHTPACTHICTh, OJHOPIAHICTH, KOPENAIisS TOIIO). JJIg HiaBHUINIEHHS TOYHOCTI BHIIICHHS
[MX O3HAaK BUKOPUCTOBYBAJIUCH AJTOPUTMH TONEpPEAHbOI OOpOOKH, Taki SIK OOMEKeHe
aganTuBHe BuUpiBHIOBaHHS Tictorpamu (anmi. CLAHE) nns mokpaiiieHHS JTOKadbHOTO
KOHTpACTy 300pakeHb Ta MopdosoriyHi oneparii a1 cermeHTaiii cynus. Lle mo3Bommio
MOKPAIINTH SIKICTh JaHUX, IKi BUKOPUCTOBYBAIUCH JIJIS1 HABYAHHS MOJICIICH.

KpiM BUKOpHUCTAaHHS KIACHYHUX aJTOPUTMIB MANIMHHOTO HABYAHHS, TaKHUX SK
rpagleHTHUN OYCTHUHT Ta METOJ OMOPHUX BEKTOPIB, Oy MPOTECTOBAaHI CydacHI MOJEINI
rmOokoro HaByaHHs, Bkitodaroun ResNet, DenseNet Ta EfficientNet. Kinacuuni anroputmu
MOKa3alid 3aJ0BUIBHI PE3yJbTaTH, OCOOMMBO TICIS BUKOPUCTAHHS JIOJaTKOBOTO BEKTOpa
O3HAK, OJHAK BOHM 3HAYHO MOCTYMaJIWCd HEHUpOHHUM Mepexam. Hampukiaa, mopaenb

Random Forest 3abe3neunna Tounicte 60%, sika 3pocina no 67% micias oOpoOKH JaHUX.
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AHaJIOT19YHO, MOJICJIb Ha OCHOBI METOJIy ONMOPHUX BEKTOPIB JOCSATIIa TOUHOCTI Jiuiie 65% 10
00poOku 1 73% micasa. L1 pe3ynprati HE MOXYTh KOHKYPYBarH 3 TOYHICTIO IITMOOKHX
HEUPOHHUX MEPEK.

Haiikpami pesynsratu npogeMoHcTpyBaiu mojneni ResNet-50, DenseNet-121 Tta
EfficientNet-BO (3 50, 121 Ta 237 mapamm BigmosimHo) (Puc. 4.5). 3okpema, Mojaelb
ResNet-50 micist monepennboi 00poOKH AJaHUX ToKa3aja 3arajibHy TOUHICTh 86%, TOUHICTD
no kiacax: 92% nmna “Bincyrnicte AP”, 84% nns “Jlerka AP, 87% nns “Ilomipua J1P”,
83% nmns “Baxka J[P” 1 88% mis “Ilpomideparusna [IP”. EfficientNet-B0, sika 3a6e3neunna
JIeNI0 BUINY 3arajbHy TOUYHICTH (88%), mpomeMoHcTpyBana mokazHuku 93%, 87%, 89%,
85% 1 91% nns BIANOBIAHMX KiaciB, OJHAK MOTPeOy€e T0MATKOBOI ONTUMI3AIl JIst
iHTerpanii y BeO-momaTtku yepe3 i1 ckianHicTb. Mogenb DenseNet-121 takoxk nocsria
3aranibHOi TOYHOCTI 88%, 13 TouHicTiO 91% nns “BincytHicts JAP”, 86% nns “Jlerka [P,
88% nnsa “Ilomipua JIP”, 84% s “Baxkxka JIP” 1 90% s “IIpomideparusua JIP”. Taka
BUCOKa TouHicTh DenseNet-121 crama MOXIMBOIO 3aBASKH MOXKIMBOCTI MOBTOPHOTO
BUKOPUCTAHHS O3HAK y KOXKHOMY II1api, 1o 3abe3rneuye epeKTUBHE OTPUMAHHS Ta Mepeaqy

1H(hOopMAIIii uepe3 BCIO TITHOUHY MEpexi.

. . [lo nonepefHbOi 06po6KK
IpafieHTHUR ByCcTUHT aHcambo aepeB pilleHb | Micns nonepeaHLoi 06pobKM

LepeBo NPUAHATTSA pilleHb

MeToa onopHUX BEKTOPIB [

BaraTolapoBuit NnepLenTpoH [

[paliEHTHUIA BYCTUHT [

Bunaakosnii aHcamMbib AepeB pilleHb |
ResNet-16

ResNet-50

EfficientNet-Lite

EfficientNet-BO

DenseNet-121 (3MeHLWeHa KiNbKicTb Wapis) [

DenseNet-121

0 20 40 60 80
To4HICTb (%)
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Cepen ycix mojened mist iHTerpaimii y BeO-momarok Oymno oOpano ResNet-50.
[To-nepuie, ResNet-50 y mopiBHSHHI 3 OUTBII BaXKKUMHU MoJEsiMuU, TakuMu sk DenseNet
abo EfficientNet, 3a0e3neuye BUCOKY MPOIYKTUBHICTh, HE BHUMAararo4u 3HAYHUX PECypCiB
uisi HaBuaHHsA. [lo-mpyre, Momens € CTIHKOIO JI0 IMIyMy Ta MOXHOOK Yy BXITHUX JAaHHX, IO
poOuTh il HaAIWHOIO /JII BUKOPUCTAHHS Yy KIIHIYHMX ymoBax. [lo-Tpete, apxiTektypa
ResNet-50 € nobpe 3aJOKyMEHTOBAaHOIO Ta € aJalTUBHOIO ISl BUPILIEHHS PI3HOMAHITHUX
3aJ1a4 KOMII FOTEPHOTO 30PY, 1110 3HAYHO TOJIETTIIYE 11 IHTErpalliio y peaibHl JOAaTKH.

Jns oOpaHOi MojeNl TakoK OyJI0 PO3paxOBaHO UYTIMBICTh Ta CHEHU(DIYHICTH AJIs
BUMAJKY 3 KJ1acu(iKali€ro Ha M'ATh KIaciB:

* Bigcytusa [IP: uytnusicts 89%, cnenudiunicts 98%

* Jlerka JIP: wytnuBicts 84%, cneuudiunicts 96%

* [Tomipna JIP: gwytnuBicts 87%, cnenudigHicTs = 96.75%

» Baxxka JIP: wytnuBicts 83%, cnetudiuHicTs =~ 96.5%

* [IpomdeparuBna [IP: uytnusicts 87%, cnenudiunicts = 95.25%

Yyrmuicts Ta CrienupigHICTh PO3PaXOBYIOTHCSI OKPEMO ISl KOKHOTO 3 I TH KJIaCiB
3a TMPUHIUNOM “OJUH MpOTH i1HIMX . JIJIs KOXKHOTO Kjacy, Hampukial, «jerka [IP», Bci
3pa3Kd IOTO KJIACY BBAKAIOTHCS MO3MTHBHUMH, a BCl 1HIN — HerarmBHUMHU. Ha OCHOBI
MaTpUIll  HEBUIMOBITHOCTI  BU3HAYAIOTHCS  3HAUCHHS  TpaBUiibHO-To3UTHBHI  (TP),
xubHo-"HeraruBH1 (FN), xubHo-no3utusHi (FP) Ta npaBuibHo-HeratuBHi (TN), 1110 g03BOIISIE
po3paxyBaTy YyTAUBICTh sIK criBBigHOmEHHS TP mo cymu TP 1 FN, a cnemudiunicts — 5K
cuiBBigHomeHHs TN g0 cymu TN 1 FP. Takum 4yuMHOM, I1i MOKa3HHUKH Bi0OpaxaroTh,
HACKUIbKM €(EKTUBHO MOJENIb pO3II3HAE MO3UTUBHI BHUIAJKH KOHKPETHOIO Kjacy 1
BOJIHOYAC TTPABUJIbHO BIKU/IA€ TIPUKIIAINA 1HIIINX KJIACIB.

3arasioM y (iHanbpHIA po3poOsieHid Mojeni Uil A1arHOCTUKM  J11a0eTUYHO1
pEeTUHOMATIi BUKOPUCTAHO KOMOIHAIIO TIMOOKMX O3HAK, OTPUMAHUX 3a JIOTIOMOTOIO
ResNet-50, Ta JOMEHHHMX XapaKTEPUCTHK, OOUMCICHUX KJIACUYHHUMHU METOAAMH aHali3y

300paxkenn. 3okpeMa, ResNet-50 renepye 2048 BUCOKOPIBHEBUX O3HAK, SIKI € PE3YJIBTATOM
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3acTocyBaHHsl obanbHOro cepeansoro mymiHry (anmi. Global Average Pooling, GAP) -
TEXHIKM 3MEHIICHHS PO3MIPHOCTI JIaHMX, 10 OCTaHHbOTrO 3ropTkoBoro mapy. Lli o3Haku
MPEJICTAaBIAIOTh A0CTPAaKTHI TMAaTEepHH Ta CTPYKTYpH, WO BiJOOpakaroTh CKJIaHI
3aKOHOMIPHOCTI Yy 300paX€HHSX CITKIBKUA. J[0maTkoBO 70 IOTO, MOJENIb IHTETPYE
3anmpornoHoBaHni KoMiuieke 3 10 o3HaK, TakWX SK JTOBXKMHA Ta MIMPUHA CYIWH, TEKCTYpHI
BJIACTUBOCTI eKCynariB (KOHTPACTHICTb, OJHOPIAHICTh, KOPEJSIlisSs TOIIO), a TaKoX
IHTEHCHUBHICTh CBITJIOBIJIOMBAaHHS JUCKa 30pOBOr0 HepBa. LI O3HAKuM OTPUMYIOTHCS 3a
JIOTIOMOTOIO0 aJITOPUTMIB TIOTIEPETHBOT 0OPOOKH 300pakeHb.

VY pesynbrari 00’eqHaHHS JBOX THUIINIB O3HAK 3arajibHa KUIbKICTh BX1IHUX JaHUX IS
MOJIAIBIIOTO aHamizy cTaHoBUTH 2057 o3Hak. Takwii miaxin JO3BOJISIE MOJETI HE JIUIIIE
pO3ITi3HABATH TIATEPHU Y BEJIUMKHX HA0Opax JaHUX, ajie i BpaxoByBaTH crienuQigHl MeIUYHI
XapaKTepUCTUKH, IO MAIOTh BAXKJIWBE [IarHOCTHUYHE 3HaueHHs. lle 3Ha4HO miagBHUIIYyE
TOYHICTh KJacu@ikaiii Ta poOWTh MOJAENTh AJaNTUBHOIO 10 PI3HOMAHITHUX CIICHAPIiB
arHOCTHUKH.

JInst miABUIIEHHS! 1HTEPIPETOBAHOCTI MOJIENI BUKOPUCTOBYBAIUChH TEIUIOBI KApTH, K
Ha Puc. 4.6. BoHM BHUKOPHCTOBYIOTHCS JJIsi OIIIHKM BAaroMOCTi OKPEMHUX OOJIaCTeH, IO
JTIO3BOJISIE TTOSICHUTH POOOTY 3roOpTKOBOT HEMpOMEepexKi Ta MpoaHalli3yBaTh 30HHU, SIK1 CTAlOTh
OCHOBOIO I TPUUHATTA pileHs mia vac kimacudikarii maronoriii. Ha Bukopucrasiii

KOJIIPHIM MamiTpi , YepBOHI 30HU € 30HAMU 1IHTEPECY MOIEII.
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Puc. 4.6 TernoBa kapra npoiecy NpuiHATTS PilliecHh HEHPOHHOIO MEPEKEIO.

BucnoBku 10 Po3niny 4

VY upoMy poszaiiai Oyio mpoBEACHO JASTadbHUM aHalli3 METOIB MONEpPeaHbOT 00POOKHU
300pakeHb CITKIBKM OKa Ta €(EeKTHMBHOCTI PI3HMX Mojelied MaIlIMHHOTO HaBYaHHS 1
IJTMOOKHWX HEUPOHHMX MepeX I JIarHOCTUKH Ala0eTudyHoi peruHomnarii. OCHOBHUMU
akieHT Oysio 3po0JieHO Ha PO3poOlll KOMIUIEKCHOTO MiJAXOY, SIKUH IMOETHYE TMONEPEaHIO
00poOKy 300pakeHb, EKCTPakKilifo 1HGOPMATUBHUX O3HAK Ta 3aCTOCYBAaHHS CyYaCHHX
TJTUOOKUX apXiTEKTYP.

Buxopucranus 6aszu manux APTOS, ska MICTUTh IIMPOKHUA CHEKTP KIIHIYHUX
MPOsIBIB 11a0€TUYHOI PETUHOMATIi, JO3BOJUIIO 3a0€3MEUNUTH PEATICTUYHICTh Ta MPAKTUYHE
3aCTOCYBaHHSI BUKOHAHOTO JociipkeHHs. OjaHak, 3HAYHUNA JucOajaHC y KUIbKOCTI
300pakeHb PI3HMX CTaJlii 3aXBOPIOBAHHS CTaB IEPEIIKOIO0 JUII HaBYaHHS Mozenei. Jls
Horo moposnaHHs OyJ0 BUKOPUCTAHO TEXHIKM ayrMEHTallli, BKJIIOYAIOYd T'€OMETPUYHI Ta
KOJIIPHI MEPETBOPEHHS, 110 JAJIO 3MOTY CTBOPUTH 30ajlaHCOBaHUI HAO1p MaHUX 1 MIABUIIUTH

3IATHICTh MOJIEJIECH 10 y3araJbHEHHS.
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3anpornoHoBaHa momnepeaHs 00poOKa JaHUX TS TIOKPAIICHHS JIOKAITBHOTO KOHTPACTY

Ta BUJAJCHHS JpiOHMX 00’ €KTIB MIABUIIMIA SKICTh BXITHUX 300pakeHb. Lle, y cBoro uepry,

MO3WTHUBHO BIUIMHYJIO Ha TOYHICTH Mojelsel. [[BopiBHEBA CTPYKTypa, sika MOEAHY€E BUXOIH

HEHPOHHOI Mepexkl 3 BEKTOpaMHM O3HaK, JO3BOJIMJIA BpaxyBaTH $K TEKCTYpHI, TaK 1
T€OMETPHYHI OCOOIMBOCTI CITKIBKH.

[IpoBenene mopiBHAHHS MoJENel TMOKa3ajao, M0 TITMOOKI HEMPOHHI MEpexki, Taki K
ResNet-50, DenseNet-121 Ta EfficientNet-B0O, cyTTeBo mnepeBepilyroTh pe3yabTarH,
OTpUMaHI Ha OCHOBI TPaAWIIMHMX METOAIB MAIIMHHOTO HAaBYaHHS, TakKi SIK METOJI
BUIIAJIKOBOTO JIICY, METOJ] OMOPHUX BEKTOPIB Ta IpaJlieHTHUN OycTHHT. Hampukman, micns
3aCTOCyBaHHsI monepeaHboi o0poOku TouHICTh ResNet-50 3pocna 3 78% mpo 86%, a
EfficientNet-BO - 3 80% 10 88%. Monen ResNet-50 ta DenseNet-121 nponemMoHcTpyBanu
BHUCOKY CTIMKICTb JI0 BaplaTUBHOCTI JAaHUX Ta 3/1aTHICTh BUTATYBATH BUCOKOPIBHEBI O3HAKH,
10 POOUTSH X MPUIATHUMU JJI 33124 1IaTHOCTUKH CKJIATHUX MEIUYHUX 300paKeHb.

O6pana apxitektypa ResNet-50 crana HalKkpaiyMm KOMIIPOMICOM MiXK TOYHICTIO Ta
aJaNTHBHICTIO 1O pealbHUX yMOB. Ii 3a]MIIKOBI OIOKH 3a0e3MedyloTh 30eperKeHHs
iH(hOopMaIii i Yac HaBYaHHSA, a KUIBKICTh MMapaMeTpiB J03BOJISIE€ YHUKHYTU TIEpPEHABYAHHS
Ta JOCATTA BHUCOKOI MPOAYKTUBHOCTI Ha 300paKEHHSIX PI3HOI SKOCTI. 3aBIsSKU CBOIM
rHydkocTi ResNet-50 migxomuTs mist iHTerpamii y BeO-70JaTOK, OCKUIBKH MiIATPUMYE
aganTtaiio g0 gopmariB TensorFlow Lite, 1110 3HM)Ky€e BUMOTH JI0 aliapaTHUX PECypCiB Ta
3abe3reuye MBUAKUNA Yac BIAMOBIAIL.

TakuM YHMHOM, 3aMpPONOHOBAaHI METOAW TMOMEPEAHBOI OOPOOKM, KOMOIHYBaHHS
BEKTOPIB O3HAK Ta BUKOpHUCTaHHsS apxiTekTypu ResNet-50 103BOSMIM CTBOPUTH CHUCTEMY

JUISL 1IaTHOCTUKH 11a0€TUYHOI PETHHOIIATI].
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PO3/ILJI 5 PEAJIIBAIIISI TIPOT'PAMHOTI'O 3ABE3IIEYEHHS JIIS
MIATPUMKU NPUHAHATTS JIATHOCTUYHUX PIIEHDb B O®TAJBMOJIOI'TT
Y BUIUISA A1 BEB-3ACTOCYHKY JIJ151 BUSABJIEHHS JIABETUYHOI
PETUHOIIATII

5.1. Po3poOka nporpamMHoro 3ade3ne4eHHs, peajidanisa Ha OCHOBI INIMOOKOI0
HABYAHHSA TAa OOIPYHTYBAHHA CTPYKTYPHHMX MOAYJIB miagcucTeM 00poOKH 300paeHb
OYHOI0 JHA, BidyaJi3alil Ta aHamizy

Po3pobnene B naHiit po6oti nporpamue 3ade3neueHHs (I13) Bukonye o0poOKy, aHais,
Bi3yali3alliio Ta iHTepIpeTalio 300paKeHb CITKIBKM OKa 1 MpU3HaYeHe A7 iHpopMaIliitHOi
MIATPUMKH TIPUHHATTS PIIICHB JIIKAPEM-0(TaTbMOJIOTOM.

PeanizoBane II3 € BeO-3aCTOCYHKOM, 110 peaiizye aBTOMAaTU30BaHUW aHai3
300pakeHb CITKIBKM OKa 3 METOI0 BHUABICHHS O3HAK Aia0eTWUYHOI peTHHOmaTii Ta

VY naHomy 3aCTOCYHKY, OKPIM 3arajJbHONPUHHATUX y HUPPOBiil 00poOLi 300pakeHb
METOIB (TaKMX fK eKBaJi3allisi TICTOrpaMH SICKPaBOCTI 300pakeHHs, MOPQOIOTiIuHI
omepailii, KOJIpHI TEpPEeTBOPEHHS TOIO), peadi30BaHO 3alpONOHOBAaHI MIAXOAU 10
noTepeHbLOT 0OPOOKH CITKIBKH Ta PO3PAXyHKY CHEIIaJbHO PO3POOICHOTO KOMIUIEKCY O3HAK
CYIMHHOI Ta TEKCTYPHOI CTPYKTYpH. Takok y poOOTI NpeacTaBiIeHO TiOpUIHY apXITEKTypy
HEUPOHHOT Mepexi, MoOynoBaHy Ha 0a3i apxitekTypu ResNet-50 3 1ogaTKOBUM BEKTOPHUM
mapoM JUIsi MUX OOYMCIEHHMX O3HAK, IO CHIUJILHO CIPHUSE IMJABUIICHHIO TOYHOCTI
JIarHOCTUKW PETHUHOIATI].

Ile nporpaMHe 3a0e3neyeHHs: MpU3HAYCHE IS IATPUMKN TPUIUHATTS 11arHOCTUYHUX
piteHb B opTaabMOIIOrii 1 Hajlae KOPUCTYBaueBl HACTYITHI MOXKJIMBOCTI:

® 3aBaHTaKEHHsI 300pa’keHbh OYHOTO JIHA Oe3MocepeIHbo Yepe3 BeO-1HTepdelic;
® TfionepeaH0 oOpoOKy BXIAHMX 300pa’ke€Hb, BKIIOYHO 3 MOKPAIICHHSM KOHTPACTy Ta

M1IFOTOBKOIO JI0 TTOJIAJIBIIIOTO aHaJi3Y;
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aBTOMaTUYHE BUIUICHHS XapaKTEpPHUX O3HAK CITKIBKH, 30KpeMa CYJIMHHOI CITKH,
eKCy/laTiB Ta ONTUYHOTO JHUCKa, 13 3aCTOCYBAHHSIM METOMIB CETrMEHTalli Ta
MOPQOJIOTIYHOTO aHAITI3Y;

OOUMCIICHHS KUIbKICHUX O3HaK (JAOBXKHHM Ta IIUPUHU CYAMH, IHTEHCHUBHOCTI B
JUISHIT TUCKA, TEKCTYPHUX XapaKTePUCTUK €KCYJaTIiB TOIIO), IO € IHPOpMAaTUBHUMU
JUIs miarHoCcTUKH JIP;

IHTErpauilo 3 MOAU(IKOBAHOI NIMOMHHOK HelpoHHOI Mepexkero ResNet50,
JIOTIOBHEHOIO BEKTOPOM PO3PAXOBAHMX O3HAK, JUIsl BU3HAUCHHS CTall 3aXBOPIOBAHHS
Ta PO3PAXYHKY CTYNEHs PU3UKY YCKIIaTHEHb;

TeHEpyBaHHS Ta Bi3yasizallisi HAHECEHUX Ha aHaJl130BaHE 300pakeHHS TEIJIOBUX KapT
IPa/IIEHTHO-3BAXXEHOTO BIJIOOpPaXXCHHSI aKTHUBAIlli KJIACIB, $KI BHAUISIIOTH 0OO0JacTi
aHaATI30BaHOTO PETUHOTPA(PIYHOrO 300pakeHHs, IO HAWOUIbIIE BIUIMBAIOTH HAa
pillIeHHs MojieNi TTMOOKoro HaBuaHHs [178];

BIIOOpakeHHsI MPOMIXKHUX €TamiB OOpOOKM Ta aHamidy, a TaKOX PO3PaxXyHOK
JIarHOCTUYHUX TMapaMeTpiB Ta X BUBEACHHS Ha €KpaH;

Bi3yaJrizailisl BIMOBIJHUX TICTOTpaM SICKPABOCTI MIKCEIIB 300paKeHHS.

dbopMyBaHHS MiJICYMKOBOTO BHCHOBKY HEHPOHHOI MeEpeki MIOAO0 MPUHAIECKHOCTI
aHaJ130BaHOTO 300pakeHHS JO0 OJHOro 3 KiaciB (BiacytHicTh JIP, merka
HenponideparuBHa /[P, momipHa HenpomideparuBaa /P, Baxxka HempoiidepaTuBHa
1P, mpomnideparuBna JIP), mo mMoke ciayryBaTH MiJKa3KOK JKapr-o(TaabMoIory

IIPY TTOCTAHOBIII JA1arHO3Y.

Po3pobnene I13 mae iepapxiduHy CTPYKTypy Ta CKJIQJA€ThCs 3 MIECTH (PYHKITIOHATBHHIX

monyniB (Puc. 5.1), a came:

MOJIYJIb 3aBaHTAKCHHS Ta Bi3yaTi3allii aHaJi30BaHUX JIaHUX;
MOJIYJIb TIOTIEPETHBOI 0OPOOKH 300paKEHB;

MOJTYJIb €KCTPAKIIil O3HAK;

MOJYJIb NIMOMHHOTO HaBYAHHS Ta Ki1acudikariii;

MOJYJIb IHTEpIpETAaIlii Ta Bi3yasiallii pe3yJbTarTiB;
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® MOay’dh (OpMyBaHHS IHTEPHPETAINHUX TMOBIAOMIICHb, SIKI €  I1JKa3KOI0

JKapro-0(TaaIbMOJIOTY 3 METOIO IPUUHATTS HUM JA1arHOCTUYHOTO PIIIEHHS.

IH®OPMALIMHOMO 3ABE3MEYEHHSA ANA
MIATPUMKI MPUAHATTS OIATHOCTAYHMX
PILLEHL B OOTANTBMONIOTI

Mopynb 33BaAHTaXEHHS Mopynb nonepeaHLO Mogynb Po3paxyHKy
Ta Bisyanisauii 06p0obKK (NpenpoLeciHr) 03HaK
aHanizoBaHux paHux 306paxeHb
Mogynb rMMBMHHOTO HaBYaHHA Mogynb iHTepnpeTalii Ta
Ta Knacudikauii Bisyanisauii pesynsTatis

Mopaynb ¢opMyBaHHA
iHTepnpeTaLiiHUX NOBIAOMNEHb

Puc. 5.1 CtpykTypHa cxema po3po0iIeHOro NporpaMHOro 3a0e3neueHHs

[Ticns 3aBaHTa)keHHs 300paK€HHS CITKIBKM OKa MallieHTa B HeoOixigHOMY (opmarti (a
came .png abo .jpeg) BUKOHYETHCS HOTO momnepeHs oOpoOKa 3riTHO OMHUCAHOTO aAJITOPUTMY.
Skiio k 300paXkeHHs, 10 3aBaHTAXKYIOTh € 1HIIOT PO3I1ILHOI 34aTHOCTI, TO JI0 HHOTO Oyjie
aBTOMATUYHO 3aCTOCOBAHO aJITOPUTM 3MiHU PO3AUIBHOT 3/JaTHOCTI, a0M HA BUXO/I1 BOHO OYyJI0
224x224 mikceniB. Y BUIAJKY, KOJIA KOPUCTYyBad HAMarae€TbCs 3aBaHTAKUTU 300pa’KCHHS,
yu ¢aiin iHmoro ¢Gopmary, iilomy Oyze BUCBIUYBAaTUCh MMOBIIOMIJICHHS, SIKE CUTHAJII3yBaTUMeE
PO IO TIOMUJIKY.

[Ticns 3aBaHTa)XEHHS 300pa)K€HHS CITKIBKM OKa 3IIHMCHIOETBCS MOTO TOIMEPETHS
00poOKa: 300pakeHHs] MPUBOAUTHCS 0 YHI(IKOBAHOTO pO3MIPY Ta MEPEBOUTHCA Y Tpajalii
CipOro, BUKOHYEThHCS IT1IBUIIICHHS] KOHTPACTY.

HactynHum etanoM € BUAUICHHS CYIMHHUX CTPYKTYp Ta ONTHYHOTO JIMCKA, 4 TAKOX

cerMeHraliss ekcynariB. Ilicis 1poro po3paxoByrOTbCA 1H(GOPMATUBHI MHapaMmeTpu
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300pa)KeHHs: 3arajbHa JOBKHHA Ta CEpeIHs IIMPHUHA CYAUH, IHTEHCUBHICTb y JAUISHII
ONTUYHOTO JIMCKa, KPHUBH3HA CYIWH, TEKCTYpHI XapaKTePUCTHKH ekcyaariB. OTpumani
O3HaKU (POPMYIOTh BXITHUN BEKTODP JJII METaMOJIEINI, sIKa Pa3oM 13 BXIJIHUM 300paKEHHSIM
(mponyllleHUM 4epe3 3ropTKOoBy HelpoHHy Mepexy ResNet50) BuzHauae crafito
niabetnuHoi  permHomarii. Ha ocHOBI pe3ynprariB - Kimacudikaiii  po3paxoBYETHCS
PHU3HK-TIOKa3HUK Ta (hOPMYETHCS IHTEpIIPETalliiiHE TTOBITOMIICHHS.

Koxkuuit Monmynb BUpINIye OKpeMmy 3afady. Po3missHeMo JeTalibHille MpU3HAYCHHS
OCHOBHHUX MOJIYJIIB MPOTPAMHU.

Monynb 3aBaHTaKeHHs Ta Bi3yasii3allii aHaJI130BaHUX JAHUX J03BOJISE KOPUCTYBAuEeBI
3aBaHTa)XyBaTH 300pakKeHHs CITKIBKM Oe3mocepenHho uepe3 BeO-Opaysep, 30KkpemMa Haaae
MOJIUBICTh JI0/1aBaHHs (halIiB 3 JIOKaJIbHOI CHUCTEMH Ta TMepeaadi iX JI0 CEepBEpHOTO
3aCTOCYHKY. {7l IbOrO BUKOPUCTOBYEThCS mporpamHa miuatdopma Flask, 3a momomororo
K01 peamnizoBaHo MexaHi3M 00poOku HTTP-zamurtie [179] Ta nunamiuyHOl reHepariii
BeO-CTOPIHOK. MOJIyJIb TaKOX BIATOBIJAE 3a MEPEBIPKY popMary 3aBaHTKEHHUX (HailiB, ix
Oesneune 30epiranHsa Ha cepsepl, hopmyBanHs HTML-iutepdeiicy [180] nnst Bizyamizaiii
pe3yabpTaTiB aHamizy 300pakeHb Ta IMOBEpPHEHHS C(OPMOBAHMX pE3YJbTaTIB Yy BUIVISIL
3pO3yMIJIOTO KOPUCTYBa4YeB1 BeO-1HTEpPEcCy.

3 MeTor aHOHIMI3aIii MaHuxX y fJaHid poOoTi Oyno 3ampoBaPKEHO MEXaHI3M
aBTOMATUYHOTO TepeiiMeHyBaHHs (aiiiiB, 3a SKOro IIiJl Yac 3aBaHTAXEHHS KOKEH Qaiin
OTPUMYE BUITAJIKOBO 3reHEpOBaHE YHiKajdbHE 1M 4 (cpopmoBane 3a qonomororo UUID [181]
- YHIBEpCAIbHUX YHIKATbHUX 17IeHTU(IKATOPIB). Takuii miaxia yHEMOKIUBIIIOE 30epeKEeHHS
OyIb-sIKUX MOTEHIINHO 1AeHTU(IKAIHUX BigoMocTel (3okpema, [1Ib um peectpatiitHux
HOMEpIB) y Ha3Bi (aiiay, ICTOTHO 3HUXKYIOYM MHMOBIPHICTh BHUTOKY KOH(IIEHIIIIHOT
1H(popMalii i 3a0e3redyroun aHOHIMHICTh MMalll€HTIB 0€3 HaJMIPHUX YCKJIaIHEHb y MPOIECi
00poOKHU.

Monyns monepeaHb0i 00poOKH 300pakeHb J03BOJISE€ IMPUBECTH BXIAHI JaHI JI0
dbopmary, HEOOXITHOTO /JII KOPEKTHOI poOOTH MOEl HEHPOHHOI MEpPEeki Ta ajJrOPUTMIB

cerMeHrailii. 30Kkpema, BiIH BUKOHY€ yHi(IKaIll0 po3mipy 300paxkeHb (10 224%224 mnikceliB)
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Ta TEPEeTBOPCHHS O Tpajaliid ciporo. 3acCTOCOBYIOTBCS TaKOK METOIW 301IbIICHHS
KOHTpacTy Ta ¢uibTpamisa myMmiB. [li omepamii HeOOXiIHI ISl 3MEHIIEHHS BIUIUBY
HEOJTHOPITHOTO OCBITJIICHHS Ta MIJBUIIEHHS YITKOCTI CYAMHHUX CTPYKTYp, IO € KPUTUYHO
BOKJIMBUM JIJISI TOYHOCTI MOJIAJIBIIIOT CETMEHTAIIl1 Ta aHaJIi3Yy.

Moayns  po3paxyHKy O3HaK CIyrye Il aBTOMAarTH30BAaHOTO  BH3HAYCHHS
1H(QOpMaTUBHHUX TapaMeTPiB 300paKEHHS, SIKI MICTATh BaXJIMBI KJITHIYHI XapaKTEPUCTHUKHU.
Ha ocHoB1 (iHambHOrO 300pak€HHsl MICIS NONEepeaHbOI 0OPOOKM PO3PaXOBYIOTHCS Taki
O3HAKM, SK JOBKHMHA Ta CEpPeAHs IIMPUHA CYIAWH, IHTCHCHBHICTh y NUISHI ONTHYHOTO
JTUCKA, KPUBHU3HY CYIMHHUX CTPYKTYp, @ TaKOX TEKCTYypHI MapaMmeTpu CiTKiBKM oka. Lli
napameTpu  (GOPMYIOTh YHCIOBHW BEKTOp, MO0 BiJOOpa’kae OCHOBHI BJIACTHBOCTI
300paKeHHs, AKUN 3r0JJOM BUKOPHUCTOBYETHCS CIUJIBHO 3 JJAHUMHU 31 3TOPTKOBOI HEMPOHHOI
Mepexli JJisg MIABUIIECHHS TOYHOCTI Kiacudikamii cTamii Ala0eTUYHOI PETUHOINATI.
3anponoHOBaHMIA B 1aHii poOOTI KOMITJIEKC TapaMeTpiB MICTUTh 10 OCHOBHUX MOKA3HUKIB.

Mosynb ruOOKOro HaBUYaHHsS Ta Kiacu@ikaiii BIJMOBIJA€E 3a PO3IMi3HABAHHS CTadll
n1abeTUYHO1 peTnHonarii. BiH IpyHTyeThCsl Ha 3ropTKOBii HelipoHH1M Mepexi ResNet50, 1o
KO Ha BXIJl TONAEThCA 300pakKeHHs, TOIMEPEAHhO HOPMAaNi30BaHE Ta MacliTabOBaHE.
diHanbHa METaMOJIEIb MPAIIOE Y TTOEAHAHHI BHUXOJly 3TOPTKOBOI HEMpOMEpeEKi 3 BEKTOPOM
CKCTparoBaHUX O3HAaK, IO MOJAlOThcsAd Ha BXiA. OO0’eaHaHI JaHI JO3BOJISIIOTH MOJEHI
BU3HAYaTH CTAJiI0 3aXBOPIOBAHHSA 3 OUIBLIOI TOYHICTIO, HIX MNpPU BUKOPUCTAHHI JIMIIE
nikcenbHoi 1H(popmamii. s BHKOHAaHHA Kiacu(ikalii BUKOPHUCTOBYETHCS CEPEIOBHUIIE
rnbokoro HapuaHHsi TensorFlow, mo peanizye mpormenypu onTumizarlii Ta nependadeHHs
HMOBIPHOCTEH HAJEXKHOCTI 300pa)keHHS 1O TeBHOI craaii peruHomnarii. [lokazHuk
WMOBIPHOCTI HAJIEKHOCTI JI0 TIEBHOTO KJIacy pO3PaxOBYEThCS 3a JOMOMOTOI0 (DyHKIIIT
akTuBalli softfmax y BUXimHOMY mmapi mozeini. Ha erami nmepeabadeHHs MOZENb MOBEpTAE
MacuB MMOBIPHOCTEM MJi1 KOXKHOTO Kjacy, a Kjac 13 MaKCHMaJbHOI HMOBIPHICTIO
0OUpaEThCs SIK epeadadeHH.

Monyne iHTeprmpeTanii Ta Bi3yalizalii pe3ysbTariB  3a0e3leuye  pO3IIUpPEHY

IHTEpIPETALI0 OTPUMAHUX PE3YJbTaTIB Ta iX rpadiyHe nojgaHHsA. BiH BKiIrodyae MexaH13M
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Grad-CAM, mo mae 3Mory Bi3yadi3yBaTh pPErioHHM 300pakKeHHs, Ha SKI 3BEpTae yBary
MOJIeTb MIJl 4ac MNpuMHATTA piweHHs. Kpim Toro, mMonyne 3abe3neuye (opmyBaHHS
ricTorpaM 1HTEHCUBHOCTEH, BHIIIJICHHS OKpPEMHUX KOJIPDHUX KaHAIIB, BiAOOpakeHHs
MPOMDKHUX pE3YJIbTATIB CErMEHTAllll Ta MOKpaleHHs1 KOHTpacTy. Takuil mijaxia MmiiBUILYE
MPO30PICTh POOOTH CUCTEMHU Ta TMOJETHIYE aHaTi3 JIKapIMU-O(PTaTbMOJIIOTAMH, OCKITBKH
Hajae rpadiyHi MiIKa3Ky 00 BAXXJIMBUX O3HAK Ta o01acTed 300pakeHHS.

Monyns ¢popMyBaHHS IHTEpPIPETAUIMHUX MOBIJOMJIEHb Ta OLIHKK PU3UKY Ha OCHOBI
pe3ynpTariB Kiacudikaiii Ta po3paxOBaHUX O3HAK T'eHEPYE MiJCYMKOBE TMOBIIOMIICHHS,
3posymisie (axiBio. Y I[bOMY IOBIJIOMJICHHI BKa3ye€ThCs BU3HAUEHA CTafis JA1a0eTHYHOL
peTuHomnarii Ta cpopMysibOBaHI pekoMeHjauli abo mnonepemkeHHs. JomarkoBo MOIyib
pPO3paxoBy€e 3alpONOHOBAHUHN B JaHI PoOOTI PU3UK-TIOKA3HUK, SIKUM BIIOOpakae CTYIHb
HeOe3MeKn MporpecyBaHHs XBOpoOu. Takuil pU3HK-TIOKa3HUK MOXKE OyTH KOPHUCHHUM JIJIst
MPIOPHUTH3AI] MAIli€HTIB Y BEIUMKHX CKPHHIHTOBHX JOCIIDKCHHSIX a00 I IIITPUMKH

MPUNAHATTS KJIIHIYHUX PIIICHB.

5.2. JIu3aiin inTepgeiicy kopucTyBaya Ta iHTEerpaniss HOBUX MOAYJ1iB

Posrmsnemo  iHTepdeiic mporpamHoro 3abe3rnedeHHs. BIKHO  3aBaHTaKEHHS
300pakeHHs1 300pakeHo Ha Puc. 5.2. IlowarkoBe BiKHO BimoOpakae 1Bi (YHKITIOHATHHI
KHOMKHU: “OO0paru ¢ain” A03BOJSIE 3aBaHTAXKUTH HEOOXITHUM (aitn 3 300pakeHHSIM
CITKIBKM OKa JJIsl aHami3y, a kHomka “Analyze” - 3amyckae mpoiiec poOoTu 3 ¢aiiiom Ta

HAaJIaHHS Pe3yJIbTarTy.
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Diabetic Retinopathy Diagnosis

Upload Retinal Image:
ObpaTtm dailn ¢aitn He BUBpaHO
Analyze
Puc.5.2 BikHo 3aBaHTak€HHS 300pasKeHHS
VY BuUmaaky, KOJIM KOPUCTYyBau HaMaraeTbCcsl 3allyCTUTH pPOOOTYy airoputmy 0e3

3aBaHTAXEHHsI HEOOX1THOTO (paility, BiioOpaXkaeThecsl BIKHO Miaka3zku “Bubepits daiin”, mo

Bi3yasizoBaHo Ha Puc. 5.3.

Diabetic Retinopathy Diagnosis

{:_-.Euﬁepi'rb q:aﬁﬁi:-

Ob6paTtn dain ¢ain He BUbpaHo

Analyze

Puc. 5.3 Bikno migka3ku “Bubepits daiin”

[licns Toro, sk HeoOXimHMWA (ain y MATpUMyBaHOMY (GOpMaTi 3aBaHTAKEHO,
KOPUCTYyBauy HEOOXIJTHO HATUCHYTH KHOMKY “Analyze” mist Toro, mo0 3amyCTUTH poOOTy
anroputMmy. Ilicis 3aBepiieHHs: pOOOTH aJITOPUTMY, Ha €KpaHi KOpUCTyBaya BiO0Opa3uThCA

BIKHO Ha Puc. 5.4.
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Analysis Complete

Your image has been analyzed. Click the button below to see the results.

Go to Results
Puc. 5.4 BikHO 3aBepIIeHHsS pOOOTH alrOpUTMy

Sk pesynbrar, KOPUCTYBad OTPUMYE ACTaIbHUI aHaTI3 3aBaHTAXKEHOTO 300pakeHHs
CITKIBKH OKa, III0 BKJIIOYAE KIFOYOBI MapaMeTpH: JOBKHUHY CYIUH, CEPEIHIO ITUPUHY CYIUH,
CEepeHI0 I1HTCHCUBHICTh MIKCETiB B 00JaCTI ONTHUYHOTO JIMCKA, a TaKOXK TEKCTYpHI
XapaKTEPUCTUKHM, TaKl SK KOHTPACT, OJHOPIAHICTh, €HEPTis, PI3HOPIIHICTh 1 KOPEISIlis
TEKCTYPH.

OxpiM TOTO, IJIsi TIUOIIOrO PO3YMIHHS HANAIOTHCS JOJATKOBI Bi3yasi3allii - TEIJIOBY
kapty Grad-CAM, RGB-kananu okpeMux KoJbOPIB 1 €Tanu MonepeaHboi 00poOKH, Taki K
300pakeHHs B rpanaaiisx ciporo, pesyasrar CLAHE Ta ricrorpamu.

[li pesynbraTd MOMKHA 3aCTOCOBYBATH JJis JIOMIOMOTHU B JIarHOCTHII J1a0€TUYHOT
pEeTUHOMNATIi Ta OLIHKKA pPHU3UKY Il mporpecyBaHHsa. Hampuknan, mapamerpu TEKCTypH
JTO3BOJISIFOTh BUSIBUTH TIATOJIOTIYHI 3MIHM, XapaKTepHI JJIsl paHHIX CTajiil XBOPOOH, TOMI 5K
Grad-CAM nomnomarae 3p0o3yMiTH, siKi 001acTi 300paXeHHs MalOTh HAWOUIBIINEN BIUIMB Ha
pimenHs Moneni. [ndopMmartiis mpo JOBKUHY, IIUPUHY CYAUH 1 TIAJKICTh X CTPYKTYpH Ja€
3MOTYy OIIIHUTH CTaH CYIMHHOI Mepeki Ta BUABIATH aHoManii. Bizyamizamii ¥ KiabKicHI
MOKa3HUKKM MOXYTh OyTH KOPUCHUMM JJIi TPUUHATTS A1arHOCTUYHUX pllIeHb a0o
MIITOTOBKH JI0 MOAAIBIIOTO KITHIYHOTO aHai3y.

Ha Puc. 5.5 BimoOpakeHi Momymi, IO BioOpakaloTbcsi B 1HTepdeiici micis
HaTUCKaHHA I1i€l kHonku. Puc. 5.6 - 5.10 BimoOpakaroTh pe3ysbTaTH POOOTH OKPEMHX

MOJTYJIIB Ta BUXIHY 1H(GOPMAIIiI0, 110 OTPUMYE KOPUCTYBaY.
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Diagnosis Results

Proliferative DR: Proliferative DR: New, fragile blood vessels growing, risk of vision loss.
Acecuracy: 95.34%

Risk Score: 100 (Higher indicates greater concern)

Navigation

View Calculated Parameters

View Grad-CAM Heatmap

View RGB Channels

View Preprocessing Steps

View Histograms

Puc. 5.5 BikHo 3 pe3ynsraramMmu poOOTH aJITOPUTMY Ta MOAYJISIMH PO3paxyHKIB Ta

Bi3yati3alii

Calculated Parameters

Parameter Value
Wessel Length 10443.0
Average Width 11.04
Average Intensity 102.46
Smoothness 9.99

Texture Contrast 84 89
Texture Dissimilarity 0.33
Texture Homogeneity 1.0
Texture Energy 0.99
Texture Correlation 0.89

Back to Results

Puc. 5.6 Po3paxoBani napameTpu Jisi BUX1AHOTO 300pa>KEeHHS.



141

Grad-CAM Heatmap

Puc. 5.7 Moayns Bi3yasi3allii TETIOBOi KapTH.

RGB Channels

Red Channel Green Channel Blue Channel

Puc. 5.8 Ilpuknan Bizyasnizaliii po3kiajgaHHs BXiTHOTO 300paKeHHs Ha TPU KOJIPHI KaHAJIH.
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Preprocessing Steps

CLAHE Image Final Mask (Preprocessed)

Grayscale Image

Puc.5.9 [puknaz Bizyamizalii BUXiTHOTO 300paxeHHs. 300pa)KeHHS MICIs 3aCTOCYBaHHS

anroputmy CLAHE

Histograms

Original Histogram CLAHE Histogram
Original Image Histogram CLAHE Image Histogram
200000 -
-, 150000 -
& 100000 -
=
50000 -

0 = T T T
0 30 100 150 200 250 0 30 100 150 200 250

Pixel Intensity Pixel Intensity

Puc. 5.10 I'icrorpamu BXiHOTO Ta BUX1THOTO 300pakeHb

PeanizoBane I13 Takoxx Oyno MpOTECTOBaHE Ha IHIIUX BIAKPUTUX 0Oa3zax TaHUX, a

came: Messidor [74] Ta HRF [80]. Insa Tecty Oyno obpano 15 300paxens 3 0a3u Messidor
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ta 10 3 HRF. 3a qonomororo 3anpomnonoBaHoro B AaHii po6oti I13 6yno knacudikoBano 9 3
10 ta 13 3 15 300paxenp 3 6a3u HRF ta 3 6a3u Messidor Binnosiano (Puc. 5.11a). [ns
300paxkenb 3 0a3sm  ganumx HRF, oxpim mnpaBwibHOi Kimacudikaiii, 3a1HCHEHOT
3alpONOHOBAaHOI0 MeTa Mepexeto, 113 Hagano yrouHtoouy iH(OpMallito 040 KOHKPETHOTO
KJIacy J11a0ETUYHOI PETUHOIATII Ha TECTOBOMY 300paKEHHI.

OpHi€ro 3 OCHOBHUX NMPUYMH HEMPaBUJIBHOI 1HTEpIIpeTallii 300pakeHb € HasBHICTD
KOHTPAaCTHUX JAUISHOK, apTe(aKTiB OCBITICHHS, Y TiHEH Ha 300pa)KEHHSX, SIKI MOJEINb
IHTEpIpEeTy€, SIK OUTBII 3arpo3JIMBI IMATOJIOTIi, K Ha 300pa)KeHHI, 110 HABEIACHE B SKOCTI
npukiany (Puc. 5.116). Monens iHTepnpeTyBaia JgaHe 300pa)K€HHS, SIK BAXKKY CTaIilo
n1abeTHYHOI peTUHOMATIi yepe3 apTeakT OCBITIICHHS, SKUI Bi3yalbHO CXOXKHUI HAa BETUKUN
ekcynat, abo MiICITKIBKOBUN KPOBOBHIIMB.

[le mMoxe HaraayBaTH HAKOMWYEHHS MATOJOTIYHOI PIIMHM, YA KPOB1 B CITKIBIIi, X04a
HACIIPaB/i, CyIsiud 3 piBHOMIPHOT (hOpMHU 1 YITKUX KOHTYPIB, 1€ apTedaKT OCBITICHHS, a HE

CIIpaBXXHA CYINHHA abo CKCydaTHUBHA 1aTOJIOT 1S,

I pasvnsHo

HenpasunbHo

12 4

10 1

HRF Messidor
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Puc. 5.11 Pesynbrar kinacudikariii 300paxens: (a) - ['padik npaBuibHO Kiacu(PpiKOBaHUX
300pakeHb TECTOBOTO HAOOPY 3 JBOX BIIKpUTUX 0a3 manuXx, (0) - [Ipukman xubHo

KJ1acU(1KOBAHOTO 300paxKeHHs

BucnoBku 1o Pozainy 5

VY 1bOoMy po31JIl ONKMCAHO 3allPOIIOHOBAHE MPOTrpaMHe 3a0e3MeueHHs, 110 3a0e3neuye
iH(bOpMaIIiiiHYy MIATPUMKY B TIPOIEC] MIarHOCTUKHA J1a0CTHYHOI PETUHOMATI 3aBISKH
aBTOMAaTHU30BAaHOMY OIPAIIOBaHHIO 300pa)keHb CITKIBKM Oka. OCHOBHa MeTa IMOJISrae y
COpPOUIEHH] 3aBJaHb JIKaps-o(TagbpMoiora: BiJI IONEPEeIHbOI OOpPOOKM Ta aHam3y
300pakeHb /10 (HOpMyBaHHS BUCHOBKIB I10/I0 HASBHOCTI Ta CTYIICHS TSHKKOCTI ATOJOTTUHHUX
3MiH.

Y Mexax IpOro HpOrpaMHOro 3abe3meyeHHs KOPHCTyBad OTPUMYE MOKIHMBICTD
3aBaHTA)XyBaTH 300paXCHHS OYHOrOo JHA y cTaHgaptHoMmy ¢dopmari (png abo jpeg)
0e3rocepeIHbo uepe3 Opaysep, MICs YOro 3aCTOCYHKOM BUKOHYETHCSI CEPisi aBTOMATUYHUX
npouenyp. Crnodyarky 3aBaHTa)XXeHE 300pa)KEHHS MEPEBIPSAETHCA HA BIAMOBIAHICTH (hopmary
Ta, y pasi morpedbu, MacmTabyeTbcsi A0 po3mipy 224x224 mikceniB. [lami BinOyBaeTbcs

MEPETBOPEHHS JO Tpajaliid ciporo, BUIPABICHHS HEOJHOPIMHOCTI OCBITIEHHS Ta
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301IBIIEHHST KOHTpacTy. Pe3ymbratoM Takoi mMmomnepenHboi 0O0poOKH € 300paxeHHs 3
YITKIIIMMU ~J€TajdsiMA Ta MIHIMAJIbHOK KUIBKICTIO IIYMIB, IIO CHpPHUSE€ KOPEKTHIM
CerMeHTalli.

Ha mnactynHoMy erami mnporpaMHe 3a0e3leyeHHs BHUAUISE OCHOBHI CTPYKTYpH
CITKIBKA (CyIWHHM, ONTHYHHUNA JUCK, €KCydaTh), OOYHCIIIOE HHU3KY BaXKJIUBUX IS
JIarHOCTHKU MapaMeTpiB (JAOBXKUHY Ta CEPEHI0 HIMPUHY CYIWH, KPUBU3HY, TEKCTYpHI
XapaKTEPUCTUKHU €KCYAaTiB, CEPEIHIO0 IHTEHCUBHICTh AUCKA TOIIO) Ta (POPMYE 3 HUX BEKTOP
o3Hak. [lapanenbHo Te came 300paKeHHs MOAA€ThCA Ha BX1/ 3rOPTKOBOI HEHPOHHOI MEpexKi
ResNet, HaBueHOi 1 MOAM(DIKOBAHOT 1711 PO3ITI3HABAHHS MATOJIOT1H A1a0eTUYHOT peTUHOTIATI.
O6’ennannii HaOlp O3HaK (BUAUIEHI T€OMETPHUYHO-TEKCTYpHI Ta BWIy4YEeHI TITHMOWHHOIO
MEPEeKEI) aHAM3YEThCS METaMOJICIUII0, sIKa BH3HAUYa€ MMOBIPHY CTaJliF0 PETUHOINATII Ta
HA/Ia€ 3BKEHY OIIHKY PU3UKY MPOTPECYBAHHS 3aXBOPIOBAHHS.

3aBasIKM MEXaHi3My TEIJIOBHUX KapT, BIPOBAKEHOMY B CHCTEMY, KOPUCTYyBau MOXKE
BI3yaJIbHO TIEPEBIPUTH, SKI JUISTHKM 300pa)K€HHs HaAWICTOTHINIEC BIUIMHYJIM Ha PIIICHHS
HEHPOHHOI MEPEXI, IO MOJETIIY€E KIHIYHY IHTEPIPETALIII0 OTPUMAHUX PE3YJIbTaTIB.

OxpiM TOTO, TiJ] Yac aHaji3y MOXKHA MEPErITHYTH TiCTOTPaMU SCKPABOCTI, OIIIHUTH
MPOMIKHI KPOKH (HAmpHKJIaJ, CErMEHTAllll0), a TaKOX O3HAMOMHTHCS 3 PO3paxOBaHUMU
napameTpaMu CyIUHHOT CITKH.

[[[o6 3abe3meunTH 3aXUCT MEPCOHANBHUX JaHUX, Mepell 30epekeHHsM (ailmiB y
nporpami 311MCHIOEThCSI ABTOMAaTHYHE MEPEUMEHYBaHHS, € OPUTIHAJIbHE 1M Sl 3aMIHIOETHCS
BUIAJIKOBO  3T€HEPOBAHUM  YHIKAJIBHUM  1M€HTU(IKATOPOM, BUKIIOYAIOYH  PHU3HK
po3roJyionieHHs iHdopmallii Ipo namieHTa.

Po3pobGiene mporpamae 3a0e3medeHHs MOAIICHO Ha TICTh JIOTTYHUX MOJYJIiB: MOTYJIb
3aBaHTAKEHHsSI 300pa)K€Hb Ta BIIOOpaKEHHS PE3yJIbTaTiB, OJOK MOMEPeNHbOi OOpPOOKH,
MiJCUCTEMA EKCTPaKili O3HaK, MOAYJb MMMOMHHOI Kiacuikalli, cuctemMa IHTepIpeTarii Ta
Bi3yamizaimii BHUXOQYy HEUPOHHOI MeEpexi, a TakoK (OPMYyBaHHS J1arHOCTUYHUX
noBijiomyieHb. KokeH 13 MX MOAYNIIB BIAMOBIA€ 3a KOHKPETHUH eTar 0OpOoOKH, TICHO

B3a€MOJIIE 3 THIIMMU Yepe3 BeO-1HTepdelic Ta modynoBanuii Ha matgopmi Flask.
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BUCHOBKHA

VY nucepramiiiHii poOOTI BUKOHAHO TEOPETUYHE Yy3arajbHEHHS Ta PO3B'SI3aHHS
MATAHHS TMJABUIIEHHS SKOCTI MPUUHATTA J1arHOCTUYHUX PIlIeHb B O(TAIBMOJIOTII 11040
Mia0eTHYHOI PETUHOMATI] y MAIlIEHTIB Ta BU3HAYCHHS CTail PO3BUTKY XBOPOOM HA OCHOBI
PO3BUTKY METOJIIB aBTOMAaTHU30BAaHOIO aHaNI3y IU(PPOBUX 300pakeHb CITKIBKH OKa 3aBJISIKU
pO3pO0II HOBUX METOAIB, MOZIEJIEH Ta 3aC001B ONPALFOBAHHS HA0OPIB 11arHOCTUYHUX O3HAK
300pa)keHb CITKIBKM OKa B yMOBaX PI3HOI SKOCTI BXIAHHX JaHUX, a TaKOX OOMEXKEHOCTI
HaBYaJILHUX BUOIPOK Ta HE30aJIaHCOBAHOCTI JaHUX B PI3HMX Kjlacax.

OCHOBHI pe3ybTaTH IUCEPTALIHOT POOOTH:

1. Po3Butok meTony aHamizy udpoBuX 300paKeHb CITKIBKHU:

B naniii aucepraimiiiHiii po0OOTI HaJaHO MOJATBIINNA PO3BUTOK METOAY aHajizy
muppoBuUX  300pakeHh  CITKIBKHK OKa B ONTHKO-CIICKTPOHHINM  OloMeIWYHii
o(TaTbMOCKOINYHIN CUCTEM1 JIJIsi BUSABJICHHS J11a0€TUYHOI PETHHOMNATII Ta BU3HAUYCHHS 11
CTazll, IO BKJIOYAE IOCIIJIOBHE 3aCTOCYBAHHS METOMIB (LIbTpalli Ta MIJBUIIEHHS
KOHTPACTHOCTI IIUGPOBUX 300paKe€Hb CITKIBKH, aHaJ13 CETMEHTOBAHUX CYIMHHUX CTPYKTYP
Ta €KCyAaTiB, a TaKOXkK 00’ €JHAHHS PO3PAaXOBAHUX Ta OTPUMAHMX 13 3rOPTKOBOI HEUPOHHOI
Mepexi o3Hak. Takuii MeTox 3a0e3MeYrB MOKIIUBICTh BUSBIICHHS JIarHOCTUYHO BaYKITUBUX
€JIeMEHTIB (CyIMHHOI Mepeki, MIKpOaHEBpPH3M, EKCylaTiB, KPOBOBWJIMBIB) Ha paHHIX
CTaJIAX J1a0ETUYHOT pETUHOMATI, 1110 CIIPHUSE MiABUIICHHIO TOYHOCTI J1arHOCTUKH.

2. MaremaTudHa MOJIEIIb OIIHFOBAHHS CTaHy CITKH CY/IHH:

Po3pobneno mMaremaruuHy MOjENb, 3aCHOBAHY Ha aHali3l HU3KH J1arHOCTUYHUX
MOKA3HMKIB (3arajibHa JIOBXKHHA CY[IWH, CEPEIHS LIMPHHA CYMH, [NIAJIKICTh MEPEXKI, CEPEIHS
SCKPaBICTh 300paKeHHS ONITUYHOTO JIMCKA, I’ SITh TEKCTYPHUX O3HAK €KCY/JATiB Ta AUCIEPCIs
IIUPUHA CYAWH). 3anmpoIllOHOBaHA MOCNb JTO3BOJISIE OIIHUTH CTaH JHA OKa Ta BUSBHTH
paHHI O3HAaKM PETHHOINATIi, 3a0e3Meuyroud BUILY TOYHICTh Kiacudikaiii MOPIBHIHO 3
TPaAUIINHUMU METOJlaMM, IO HE BPaxXOBYIOTh JETAIbHY CyIUHHY Ta TEKCTypHY

1H(popMalLlito.
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3. 3anpoBaKEHHS JI0JaTKOBUX J1arHOCTUYHUX KPUTEPIiB:

Po3po0ieHo HOBI A1arHOCTUYHI KPUTEPIi, 30KpeMa KOMIUIEKCHUN PU3HK-TIOKa3HUK Ta
MOKA3HUK CTPYKTYPHOI HEPETYISPHOCTI CYAWH, SIKI JO3BOJISIIOTh KUIBKICHO BH3HA4YaTH
CTYIIHb NIpOrpecyBaHHs peTuHomnarii. L{i kpurepii cipusitoTb paHHbOMY BHUSIBICHHIO TOHKUX
3MIH y CyIMHHUX XapaKTePUCTUKAX, M0 YacTO 3aJUIIAIOTHCS HEIMOMIYCHUMHU TIPH
TPaIUIIfHOMY Bi3yaJIbHOMY aHai3l.

4. T'iOpuaHa Mozenb NIMOOKOT HEUPOHHOT MEpeXk1 JUIsl aBTOMATU3AIlIl 1IIarHOCTUKU:
3anponoHOBaHO TIOPUIHY apXITEKTypy ITMOOKOT HEWPOHHOI MEpPEeXi, 10 IHTErpye
po3pobeHnii HaOlp J1arHOCTUYHUX TOKA3HHUKIB 13 BHCOKOPIBHEBUM IPECTABICHHIM
O3HAaK, OTPUMAHUX 13 3ropTKOBOi Mepexi. lle n03Boisie aBTOMATM30BaHO pPO3Mi3HABATH
cTamli aia0eTHyHOl peTHUHomaTii 3a 300paKeHHSMH OYHOTO JHA, OTPUMAHUMHU 3
BUKOPDHCTaHHSIM  ONTHKO-€JIEKTPOHHOI  OlOMEAMYHOI  O(TaJIbMOCKONIYHOI  CUCTEMH,
3a0e3mneuyroun 3arajibHy TOYHICTh Kiacudikaiii ctagiit P wa piBai 86% (89% - BimcyTHs
P, 84% - nerka /1P, 87% - nomipna [P, 83% - Baxxka /1P, 88% - nponideparusna [AP) s
BUKOPHCTAHOI apXiTEeKTypH HEHpoHHOI Mepexi ResNet-50.
5. IndopmariitHo-anropuTMiuHe 3a0e3leyeHHs] Ta TMporpamMHe 3a0e3MeueHHs IS

IarHOCTHUKHU:

Po3po6Gieno KOMILUIEKCHE 1H(pOpMAaIiTHO-aITOPUTMIYHE 3a0€3MeYeHHs
ONTHUKO-EJIEKTPOHHOT ~ OlOMEIUYHOI  O(TaTbMOCKOMIYHOI ~ CHCTEMH, IO  JO03BOJISIE
aBTOMAaTU3yBaTH aHali3 Ta Kilacu@ikamilo HU(poBUX 300paxeHb CITKIBKA OKa I
BHUSBJICHHS J11a0€TUYHOI peTHHOMATii Ta BH3HadueHHs ii cramii. CTBOpeHE mporpamHe
3a0e3MeueHHs] TMOEAHYE METOAU OO0poOKH 300pakeHb (MOKpAIEHHS KOHTPACTHOCTI,
aJlalTUBHA CETMEHTALlls, €KCTPaKLis CyJAHH Ta €KCY/aTiB) Ta BU3HAUYEHHS [MOKa3HUKIB CTaHy
CYIMH OYHOTO JIHAa 3 TIOpUIHOI0 HEHPOHHOIO MEpexer, Mo 3abe3nedye BUSBICHHS
J1a0eTUYHO1 PETUHOIATIT Ta BU3HAYEHHS CTaJlli PO3BUTKY 3aXBOPIOBAHHS.

6. Pesymbratu pobotm 3a TeMoro ‘“AHaii3 300pa)keHb CITKIBKM OKa IS J1arHOCTHUKH
n1a0eTUYHOI  PETUHONATii  BUKOPHUCTaH1”  BOpoBa/pkeHI B KoMyHainbHOMY

HekoMmepuiiiHoMy mianpueMctBl  “l  TeputopianeHe Menuune OO ’egHaHHS M.
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JIbBOBa”, a came B BIJIOKpeMmJIeHOMY miapo3aini  «Jlikapus cBstoro JIykm»
MixunapogHoro Menuunoro LleHTpy «Mikpoxipyprisi Oka», IO HIATBEPIKYETHCS

BIIMOBIHUMHU aKTaMHU Ta JIOBIIKAMH PO BIIPOBAKCHHS.



149
CIHIUCOK BUKOPUCTAHUX /IKEPEJI

[1] World Health Organization, «Ckpunine diabemuunoi pemurnonamii: Kopomxuii NOCIOHUK,
bepesenv 2021», WHO Regional Office for Europe, Copenhagen, Denmark, 2021.
[EnexTponnnii pecypc]. Pexxum noctymy: https://tinyurl.com/vtu8852v

[2] A. TlenimkeBuy, O. Kyuyk, C. Kapareesa, H. My3uka 1 H. Kyuyk, «/lamogizionociuni
mexaHismu  Oiabemuunoi  pemunonamiiy, Tom 25, Ne 1(97), TtpaBenr 2021.
doi:10.24061/2413-0737.XXV.1.97.2021.19.

[3] VYkpaiHChkuii MeIUYHUM dYacomuc, «/[iabemuyna pemunonamis. Haxmopu pusuxy,
CKpUHIH2 ma JIKYBAHHAD, 2021. Pexum JNOCTYILY:
https://umj.com.ua/uk/publikatsia-209110-diabetichna-retinopatiya-faktori-riziku-skrining-ta
-likuvannya

[4] The Medical Eye Center. Diabetic eye disease management [Enexrponnuii pecypc]. -
Pexxum nocrtymy: https://www.themedicaleyecenter.com/ diabetic-eye-disease-management
-manchester/

[5] Sim6 R., Franch-Nadal J., Vlacho B., Real J., Amado E., Flores J., Mata-Cases M.,
Ortega E., Rigla M., Vallés J.-A., Hernandez C., Mauricio D. Rapid reduction of HbAIlc and
early worsening of diabetic retinopathy: A real-world population-based study in subjects
with type 2 diabetes, Diabetes Care, 2023. - T. 46, Ne 9. - C. 1633-1639. doi:
https://doi.org/10.2337/dc22-2521.

[6] Medicover Hospitals. Stages of diabetic retinopathy [Enexrponnuit pecypc]. - Pexxum
noctymy: https://www.medicoverhospitals.in/articles/diabetic-retinopathy-stages

[7] Sim6 R., Sundstrom J. M., Antonetti D. A. Ocular anti-VEGF therapy for diabetic
retinopathy: The role of VEGF in the pathogenesis of diabetic retinopathy, Diabetes Care,
2014.-T. 37, Ne 4. - C. 893-899. doi: https://doi.org/10.2337/dc13-2002.

[8] Hammes H.-P., Lin J., Renner O., Shani M., Lundqvist A., Betsholtz C., Brownlee M.,
Deutsch U. Pericytes and the pathogenesis of diabetic retinopathy, Diabetes, 2002. - T. 51,
No 10. - C. 3107-3112. doi: https://doi.org/10.2337/diabetes.51.10.3107.



150
[9] Modern Optometry. The four stages of diabetic retinopathy [Enekrponnuii pecypc]. -
Pexum noctymy: https://modernod.com/articles/2019-june/the-four-stages-of-diabeticretino-
-pathy.
[10] Healthline. Ophthalmoscopy. A diagnostic procedure [Enexrponnuii pecypc]. - Pexxum
noctymy: https://www.healthline.com/health/ophthalmoscopy
[11] BMIJ. How to use an ophthalmoscope, BMJ, 2004. - T. 329. - C. s56. - doi:
https://doi.org/10.1136/bmj.329.7461.s56
[12] Yao, H.-Y., Tseng, K.-W., Nguyen, H.-T., Kuo, C.-T., & Wang, H.-C. (2020).
Hyperspectral Ophthalmoscope Images for the Diagnosis of Diabetic Retinopathy Stage.
Journal of  Clinical Medicine, 9(6), 1613. - Pexum JOCTYITY:
https://doi.org/10.3390/jcm9061613
[13] ManaukoBa H.B., Maca’nex M.M.M., Ans-/Ixxappax O.M.M., JIronkesuu I'I1., Cyxans
HN.C. Cyuachuii noenso na emionamoeene3 BIKOBOI MaKyIAPHOI OezeHepayii ma poib
MOJLEKVIAPHO-2eHEMUYHUX Oemepminaum y Hoomy // ApxiB odranbmonorii Ykpainu. - 2021.
-T. 9, Ne3. - C. 21-26. doi: https://doi.org/10.22141/2309-8147.9.3.2021.247905.
[14] Mellam Y., Kasa¢ Z., Weerakkody Y. ta in. Choroidal fissure [Enexrponnuii pecypc] //
Radiopaedia.org. - Pexxum noctyny: https://doi.org/10.53347/rID-19597
[15] University of lowa. Fluorescein angiography [Enextponnmii pecypc]. - Pexum
noctymny: https://medicine.uiowa.edu/eye/fluorescein-angiography.
[16] Bennett T. J., Quillen D. A., Coronica R. Fundamentals of fluorescein angiography //
Insight. - 2016. - 3umoswuii Bunyck. - T. 41, Ne 1. - C. 5-11. - PMID: 30230734.
[17] Ali S. M. A., Khan I., Khurram D., Kozak 1. Ultra-widefield angiography with oral
fluorescein in pediatric patients with retinal disease /| JAMA Ophthalmology. - 2018. - T.
136, Ne 5. - C. 593-594. - dot: https://doi.org/10.1001/jamaophthalmol.2018.0462.
[18] Mamyrbayev O., Wojcik W., Pavlov S., Karas O., Saldan Y., etc. "Optical method of
investigating eye diseases and system for diagnosing diabetic retinopathy", Proc. SPIE

12985, Optical Fibers and Their Applications 2023, 129850J (20 December 2023)



151
[19] Hagag A. M., Gao S. S., Jia Y., Huang D. Optical coherence tomography angiography:
Technical principles and clinical applications in ophthalmology // Taiwan Journal of
Ophthalmology. - 2017. - T. 7, Ne 3. - C. 115-129. - doi: 10.4103/tjo.tjo_31 _17.
[20] Neretina Center. Optical coherence tomography (OCT) [Enexkrponnuii pecypc]. -
Pexxum noctymy: https://neretina.com/optical-coherence-tomography-oct/.
[21] Mamyrbayev, Orken, Sergii Pavlov, Yosip Saldan, Kymbat Momynzhanova, and
Sholpan Zhumagulova. 2024. "Optical and Electronic Expert System for Diagnosing Eye
Pathology in Glaucoma" Applied Sciences 14, no. 17: 7816.
[22] Basarab M. R., Ivanko K. O. Investigation of fundus images for detection of diabetic
retinopathy stage using deep learning // Visnyk NTUU KPI Seriia: Radiotekhnika
Radioaparatobuduvannia. - 2023. - Bun. 94. - C. 49-57. - DOL
https://doi.org/10.20535/RADAP.2023.94.49-57.
[23] Komenuyk O. Aoanmueni memoou nonepeonbo2o o006pobienHs Oisi NIOBUUEHHS
MOYHOCMI CcecMeHmayii CMmoMamono2iyHux peHmeeHiscokux 3uimkie // CyuyacHuii cmau
HAYKOBUX 00CNI0JCeHb ma mexHonoeiu 6 npomuciogsocmi. - 2024, - No 3 (29). - ISSN
2524-2296. - DOI: https://doi.org/10.30837/2522-9818.2024.3.029.
[24] Speranskyy V. O., Balaban D. S. Analysis of methods and algorithms for image filtering
and quality enhancement /| Applied Aspects of Information Technology. - 2024. - T. 7, Ne 3. -
C. 255-268. - DOI: https://doi.org/10.15276/aait.07.2024.18.
[25] D’Haeyer J. P. F. Gaussian filtering of images: A regularization approach // Signal
Processing. - 1989. - T. 18, N 2. - C. 169-181. - DOL
https://doi.org/10.1016/0165-1684(89)90048-0.
[26] Zhu Y., Huang C. An improved median filtering algorithm for image noise reduction //
Physics  Procedia. - 2012. - T. 25. - C. 609-616. - DOL
https://doi.org/10.1016/j.phpro.2012.03.133.
[27] Soni H., Sankhe D. Image restoration using adaptive median filtering // International
Research Journal of Engineering and Technology (IRJET). - 2019. - T. 6, Ne 10. - C. 841. -
e-ISSN 2395-0056, p-ISSN 2395-0072.



152
[28] Nascimento V. H., Silva M. T. M. Adaptive filters /| Academic Press Library in Signal
Processing. - Pen. Diniz P. S. R., Suykens J. A. K., Chellappa R., Theodoridis S. - Elsevier,
2014. - T. 1. - C. 619-761. - ISSN 2351-9819. - ISBN 978-0-12-396502-8. - DOI:
https://doi.org/10.1016/B978-0-12-396502-8.00012-7.
[29] Hoshyar A. N., Al-Jumaily A., Hoshyar A. N. Comparing the performance of various
filters on skin cancer images // Procedia Computer Science. - 2014. - T. 42. - C. 32-37. -
ISSN 1877-0509. - DOI: https://doi.org/10.1016/j.procs.2014.11.030.
[30] Educative.io. What is histogram stretching [Enexrponnuii pecypc]. - Pexxum mocrtymy:
https://www.educative.io/answers/what-is-histogram-stretching.
[31] Erwin E. Improving retinal image quality using the contrast stretching, histogram
equalization, and CLAHE methods with median filters // International Journal of Image,
Graphics and Signal Processing. - 2020. - T. 12, Ne 2. - C. 30-41. - DOI:
https://doi.org/10.5815/ijigsp.2020.02.04.
[32] Spring K. R., Russ J. C., Parry-Hill M. J., Long J. C., Fellers T. J., Davidson M. W.
Histogram stretching and contrast normalization in digital imaging [Enexktponnuii pecypc]|
/I Molecular Expressions Microscopy Primer: Digital Image Processing. - PexxuMm noctyiy:
https://micro.magnet.fsu.edu/primer/java/digitalimaging/processing/histogramstretching/ind
ex.html.
[33] Almotiri J., Elleithy K., Elleithy A. Retinal vessels segmentation techniques and
algorithms: A survey // Applied Sciences. - 2018. - T. 8, Ne 2. - C. 155. - DOI:
https://doi.org/10.3390/app8020155. - Pexxum JTOCTYTY:
https://www.mdpi.com/2076-3417/8/2/155.
[34] Sezgin M., Sankur B. Survey over image thresholding techniques and quantitative
performance evaluation /| Journal of Electronic Imaging. - 2004. - T. 13, Ne 1. - C. 146-168.
- DOLI: https://doi.org/10.1117/1.1631315.
[35] Jain A. K., Murty M. N., Flynn P. J. Data clustering: A review // ACM Computing
Surveys. - 1999. - T. 31, Ne 3. - C. 264-323. - DOLI: https://doi.org/10.1145/331499.331504. -
Pexxum noctymy: https://dl.acm.org/do1/pdf/10.1145/331499.331504.



153
[36] Sheeba T. M., Raj S. A. A., Anand M. Analysis of various image segmentation
techniques on retinal OCT images // Proceedings of the Third International Conference on
Artificial Intelligence and Smart Energy (ICAIS). - 2023. - Coimbatore, India. - C. 716-721.
- DOI: https://doi.org/10.1109/ICAIS56108.2023.10073657.
[37] Shanmugavadivu P., Shanthasheela A. K-Means clustering based bi-level coarse image
segmentation // 2010 International Conference on Communication and Computational
Intelligence (INCOCCI). - 2010. - Erode, India. - C. 254-259.
[38] Xu W., Yue X., Chen Y., Reformat M. Ensemble of active contour based image
segmentation // 2017 IEEE International Conference on Image Processing (ICIP). - 2017. -
Beijing, China. - C. 86-90. - DOI: https://doi.org/10.1109/ICIP.2017.8296248.
[39] Terzopoulos D., Fleischer K. Deformable models // The Visual Computer. - 1988. - T. 4.
- C. 306-331. - DOI: https://doi.org/10.1007/BF01908877.
[40] Fischler M. A., Elschlager R. A. The Representation and Matching of Pictorial
Structures // IEEE Transactions on Computers. - 1973. - T. C-22, Ne 1. - C. 67-92. - DOI:
https://doi.org/10.1109/T-C.1973.223602.
[41] Widrow B. The “Rubber-Mask” Technique-I, Pattern Measurement and Analysis // Fu
K.S., Tou J.T. (eds) Learning Systems and Intelligent Robots. - 1974. - Boston, MA:
Springer. - DOI: https://doi.org/10.1007/978-1-4684-2106-4 19.
[42] Kass M., Witkin A., Terzopoulos D. Snakes: Active contour models // Int. J. Comput.
Vision. - 1988. - T. 1. - C. 321-331. - DOI: https://doi.org/10.1007/BF00133570.
[43] Zheng L., Huang Q. A graph-based segmentation method for 3D ultrasound images //
Proceedings of the 31st Chinese Control Conference. - 2012. - Hefei, China. - C. 4001-4005.
[44] Hallak J.A., Romond K.E., Azar D.T. Experimental Artificial Intelligence Systems in
Ophthalmology: An Overview // Grzybowski A. (ed.) Artificial Intelligence in
Ophthalmology. - 2021. - Cham: Springer. - DOI:
https://doi.org/10.1007/978-3-030-78601-4 7.
[45] Daich Varela M., Sen S., De Guimaraes T.A.C. et al. Artificial intelligence in retinal

disease: clinical application, challenges, and future directions // Graefes Arch. Clin. Exp.



154
Ophthalmol. - 2023. - T. 261. - C. 3283-3297. - DOLIL
https://doi.org/10.1007/s00417-023-06052-x.
[46] Krizhevsky A., Sutskever 1., Hinton G.E. ImageNet classification with deep
convolutional neural networks // Commun. ACM. - 2017. - T. 60, Ne 6. - C. 84-90. - DOI:
https://doi.org/10.1145/3065386.
[47] Szegedy C., loffe S., Vanhoucke V., Alemi A. Inception-v4, Inception-ResNet and the
Impact of Residual Connections on Learning // Proceedings of the AAAI Conference on
Artificial Intelligence. - 2017. - T. 31, Ne 1. - DOI: https://doi.org/10.1609/aaai.v31i1.11231.
[48] Orlando J.I., Prokofyeva E., del Fresno M., Blaschko M.B. An ensemble deep learning
based approach for red lesion detection in fundus images // Computer Methods and
Programs in Biomedicine. - 2018. - T. 153. - C. 115-127. - DOI:
https://doi.org/10.1016/j.cmpb.2017.10.017.
[49] Chudzik P., Majumdar S., Caliva F., Al-Diri B., Hunter A. Microaneurysm detection
using fully convolutional neural networks // Computer Methods and Programs in
Biomedicine. - 2018. - T. 158. - C. 185-192. - DOI:
https://doi.org/10.1016/.cmpb.2018.02.016.
[50] Adem K. Exudate detection for diabetic retinopathy with circular Hough
transformation and convolutional neural networks // Expert Systems with Applications. -
2018. - T. 114. - C. 289-295. - DOI: https://doi.org/10.1016/j.eswa.2018.07.053.
[51] Bayer. [iabemuunuti nabpax maxynu [EnextpoHHuit pecypc]. - Pexum nocrtymy:
https://www.bayer.com/uk/ua/pharmaceuticals/diabetychniy-nabriak-makuly.
[52] Wong Li Yun, Acharya U. Rajendra, Venkatesh Y.V., Chee Caroline, Lim Choo Min,
Ng E.Y.K. Identification of different stages of diabetic retinopathy using retinal optical
images // Information Sciences. - 2008. - T. 178, Ne 1. - C. 106-121. - DOI:
https://doi.org/10.1016/;.ins.2007.07.020.
[53] Imani Elaheh, Pourreza Hamid-Reza, Banaee Touka. Fully automated diabetic

retinopathy screening using morphological component analysis // Computerized Medical



155
Imaging and  Graphics. - 2015. - T. 43. - C. 78-88. - DOIL
https://doi.org/10.1016/j.compmedimag.2015.03.004.
[54] Niemeijer M., Abramoff M.D., van Ginneken B. Fast detection of the optic disc and
fovea in color fundus photographs // Medical Image Analysis. - 2009. - T. 13, Ne 6. - C.
859-870. - DOI: https://doi.org/10.1016/j.media.2009.08.003.
[55] Kaggle. Diabetic Retinopathy Detection [Enexrponnuii pecypc]. - Pexum moctymy:
https://kaggle.com/c/diabetic-retinopat.
[56] Decenciere E., Cazuguel G., Zhang X., Thibault G., Klein J.-C., Meyer F., Marcotegui
B., Quellec G., Lamard M., Danno R., Elie D., Massin P., Viktor Z., Erginay A., Lay B.,
Chabouis A. TeleOphta: Machine learning and image processing methods for
teleophthalmology // IRBM. - 2013. - T. 34, Ne 2. - C. 196-203. - DOI:
https://doi.org/10.1016/5.irbm.2013.01.010.
[57] Hoover A.D., Kouznetsova V., Goldbaum M. Locating blood vessels in retinal images
by piecewise threshold probing of a matched filter response // IEEE Transactions on
Medical Imaging. - 2000. - T. 19, Ne 3. - C. 203-210. - DOIL
https://doi.org/10.1109/42.845178.
[58] Porwal P., Pachade S., Kamble R., Kokare M., Deshmukh G., Sahasrabuddhe V.,
Meriaudeau F. Indian Diabetic Retinopathy Image Dataset (IDRiD): A Database for
Diabetic Retinopathy Screening Research // Data. - 2018. - T. 3. - C. 25. - DOI:
https://doi.org/10.3390/data3030025.
[59] Mayer M.A., Hornegger J., Mardin C.Y., Tornow R.P. Retinal Nerve Fiber Layer
Segmentation on FD-OCT Scans of Normal Subjects and Glaucoma Patients // Biomed.
Opt. Express. - 2010. - T. 1. - C. 1358-1383.
[60] Fu D., Tong H., Zheng S. et al. Retinal status analysis method based on feature
extraction and quantitative grading in OCT images // BioMed Eng OnLine. - 2016. - T. 15. -
C. 87. - DOI: https://doi.org/10.1186/s12938-016-0206-x.
[61] Arcadu F., Benmansour F., Maunz A., Michon J., Haskova Z., McClintock D., Adamis
A.P., Willis J.R., Prunotto M. Deep Learning Predicts OCT Measures of Diabetic Macular



156
Thickening From Color Fundus Photographs // Investigative Ophthalmology & Visual
Science. - 2019. - T. 60. - C. 852-857. - DOI: https://doi.org/10.1167/i0vs.18-25634.
[62] Abramoff M.D., Lavin P.T., Birch M. et al. Pivotal trial of an autonomous Al-based
diagnostic system for detection of diabetic retinopathy in primary care offices // npj Digital
Med. - 2018. - T. 1. - C. 39. - DOI: https://doi.org/10.1038/s41746-018-0040-6.
[63] Abramoff M.D., Folk J.C., Han D.P.,, et al. Automated Analysis of Retinal Images for
Detection of Referable Diabetic Retinopathy // JAMA Ophthalmol. - 2013. - T. 131, Ne 3. -
C. 351-357. - DOI: https://doi.org/10.1001/jamaophthalmol.2013.1743.
[64] Rajalakshmi R., Subashini R., Anjana R.M. et al. Automated diabetic retinopathy
detection in smartphone-based fundus photography using artificial intelligence // Eye. -
2018.-T. 32. - C. 1138-1144. - DOI: https://doi.org/10.1038/s41433-018-0064-9.
[65] Dismuke C. Progress in examining cost-effectiveness of Al in diabetic retinopathy
screening // COMMENT. - 2020. - T. 2, Ne 5. - C. E212-E213. - DOI:
https://doi.org/10.1016/S2589-7500(20)30077-7.
[66] Xie Y., Nguyen Q.D., Hamzah H., Lim G., Bellemo V., Gunasekeran D.V., et al.
Artificial intelligence for teleophthalmology-based diabetic retinopathy screening in a
national programme. an economic analysis modelling study // ARTICLES. - 2020. - T. 2, No
5. - C. E240-E249. - DOI: https://doi.org/10.1016/S2589-7500(20)30060-1.
[67] Roach L. Artificial Intelligence [Enexrponnuii pecypc]. - 2017, Oct. 28. - Pexum
noctyny: https://www.aao.org/eyenet/article/artificial-intelligence
[68] Ting D.S.W., Pasquale L.R., Peng L., et al. Artificial intelligence and deep learning in
ophthalmology // British Journal of Ophthalmology. - 2019. - T. 103. - C. 167-175.
[69] Ting D.S.W., Cheung C.Y., Lim G., et al. Development and Validation of a Deep
Learning System for Diabetic Retinopathy and Related Eye Diseases Using Retinal Images
From Multiethnic Populations With Diabetes /| JAMA. - 2017. - T. 318, Ne 22. - C.
2211-2223. - DOI: https://doi.org/10.1001/jama.2017.18152.
[70] Krause J., Gulshan V., Rahimy E., Karth P., Widner K., Corrado G.S., Peng L., Webster
D.R. Grader Variability and the Importance of Reference Standards for Evaluating Machine



157
Learning Models for Diabetic Retinopathy // Ophthalmology. - 2018. - T. 125, Ne 8. - C.
1264-1272. - DOL: https://doi.org/10.1016/j.0phtha.2018.01.034.
[71] Keel S., Lee P.Y., Scheetz J. et al. Feasibility and patient acceptability of a novel
artificial intelligence-based screening model for diabetic retinopathy at endocrinology
outpatient services: a pilot study // Sci Rep. - 2018. - T. 8. - C. 4330. - DOLI:
https://doi.org/10.1038/s41598-018-22612-2.
[72] Holzinger A., Langs G., Denk H., Zatloukal K., Miiller H. Causability and
explainability of artificial intelligence in medicine // WIREs Data Mining and Knowledge
Discovery. - 2019. - T. 9, No 4. - e1312. - DOI: https://doi.org/10.1002/widm.1312.

[73] Academic Torrents. Diabetic Retinopathy Dataset [Enextponnuii pecypc]. - Pexum

JTOCTYTY: https://academictorrents.com/details/817b91{d639263f6f644dedcccI575¢-
-20b005c6e¢.
[74] ADCIS. MESSIDOR Dataset [Enextponnuii pecypc]. - Pexum gocrtymy:

https://www.adcis.net/en/third-party/messidor/.

[75] IDRiD. Indian Diabetic Retinopathy Image Dataset [Enektponnuii pecypc]. - Pexum
noctymy: https://idrid.grand-challenge.org.

[76] Kaggle. APTOS 2019 Blindness Detection [Enextponnuit pecypc]. - Pexxum goctymy:
https://www.kaggle.com/competitions/aptos2019-blindness-detection.

[77] ADCIS. e-ophtha Dataset [Enektponnmii pecypc]. - Pexum gocryny:
https://www.adcis.net/en/third-party/e-ophtha/.

[78] Grand Challenge. DRIVE Dataset [Enexkrponnuii pecypc|. - Pexum moctymy:
https://drive.grand-challenge.org.

[79] STARE. STARE Dataset [Enextponnuii pecypc]. - Pexum poctymy:
https://cecas.clemson.edu/~ahoover/stare/.

[80] FAU. Fundus Images Dataset [EnextponHuii pecypc]. - Pexum goctymy:
https://www35.cs.fau.de/research/data/fundus-images/.

[81] Wosiak A., Karbowiak S. Preprocessing compensation techniques for improved

classification of imbalanced medical datasets // 2017 Federated Conference on Computer



158
Science and Information Systems (FedCSIS). - 2017. - Prague, Czech Republic. - C.
203-211. - DOL: https://doi.org/10.15439/2017F82.
[82] Google Developers. Classification: Accuracy, Precision, Recall [EnextponHuii
pecypc]. - Pexxum poctymy: https://developers.google.com/machine-learning/crash-course/
classification/accuracy-precision-recall.
[83] Wikipedia. Precision and Recall [EnextponHuii pecypc]. - Pexum poctymy:
https://en.wikipedia.org/wiki/Precision_and recall.
[84] Wikipedia.  F-score  [Enmextponnuit  pecypc]. -  Pexum  mgoctymy:
https://en.wikipedia.org/wiki/F-score.
[85] Wikipedia. Receiver Operating Characteristic [Enextponnuii pecypc]. - Pexum
noctymny: https://en.wikipedia.org/wiki/Receiver operating characteristic.
[86] Aporia. The Ultimate Guide to Precision, Recall, AUC: Understanding & Calculating
Using PR-AUC in ML  [Enextponnuii  pecypc]. - Pexum  goctymy:
https://www.aporia.com/learn/ultimate-guide-to-precision-recall-auc-understanding-calculati
ng-using-pr-auc-in-ml/.
[87] Wikipedia. Oversampling [Enextponnuii pecypc]. - Pexum  mgoctymy:
https://en.wikipedia.org/wiki/Oversampling#:~:text=In%20signal %20processing%2C%200
versampling%20is,Nyquist%20rate%200r%20above%20it.
[88] Mohammed R., Rawashdeh J., Abdullah M.A. Machine Learning with Oversampling
and Undersampling Techniques: Overview Study and Experimental Results // 2020 11th
International Conference on Information and Communication Systems (ICICS). - 2020. -
DOI: https://doi.org/10.1109/ICICS49469.2020.239556.
[89] Ling C.X., Sheng V.S. Cost-Sensitive Learning // Sammut C., Webb G.I. (eds)
Encyclopedia of Machine Learning. - 2011. - Boston, MA: Springer. - DOI:
https://doi.org/10.1007/978-0-387-30164-8 181.
[90] Lin T.Y., Goyal P., Girshick R., He K., Dollar P. Focal Loss for Dense Object Detection
Pexxum nocrymy: https://doi.org/10.48550/arXiv.1708.02002.



159
[91] Usuga-Cadavid J.P., Grabot B., Lamouri S., Fortin A. Exploring the Influence of Focal
Loss on Transformer Models for Imbalanced Maintenance Data in Industry 4.0 //
IFAC-PapersOnLine. - 2021. - T. 54, Ne 1. - C. 1023-1028. - DOI:
https://doi.org/10.1016/j.ifacol.2021.08.121.
[92] Yeung M., Sala E., Schonlieb C.-B., Rundo L. Unified Focal loss: Generalising Dice
and cross entropy-based losses to handle class imbalanced medical image segmentation //
Computerized Medical Imaging and Graphics. - 2022. - T. 95. - 102026. - DOI:
https://doi.org/10.1016/j.compmedimag.2021.102026.
[93] Wikipedia. Sensitivity and Specificity [Enextponnuii pecypc]. - Pexxum nocrymy:
https://en.wikipedia.org/wiki/Sensitivity and specificity.
[94] Powers D.M.W. Evaluation: From precision, recall and F-measure to ROC,
informedness, markedness & correlation // Journal of Machine Learning Technologies. -
2011.-T. 2, Ne 1. - C. 22-29. - DOI: https://doi.org/10.9735/2229-3981.
[95] Incrypted. IlJo maxe wuetipomepexci? [EnextpoHHuii pecypc]. - Pexxum mocrtymy:
https://incrypted.com/ua/shcho-take-nejromerezhi/.
[96] GeeksforGeeks. Neural Networks: A Beginner’s Guide [Enextponnuii pecypc]. -
Pexxum nocrymy: https://www.geeksforgeeks.org/neural-networks-a-beginners-guide/.
[97] DataCamp. Introduction to Activation Functions in Neural Networks [Emexrponauit
pecypc]. - Pexxum poctymy: https://www.datacamp.com/tutorial/introduction-to-activation-
-functions-in-neural-networks.
[98] IBM.  Backpropagation [Enexktponnmii  pecypc]. - Pexum  mgoctymy:
https://www.ibm.com/think/topics/backpropagation#:~:text=Backpropagation%20is%20a%
20machine%?20learning,(AI)%20%“learn.”
[99] Gulshan V., Peng L., Coram M., et al. Development and Validation of a Deep Learning
Algorithm for Detection of Diabetic Retinopathy in Retinal Fundus Photographs // JAMA. -
2016. - T. 316, Ne 22. - C. 2402-2410. - DOI: https://doi.org/10.1001/jama.2016.17216.
[100] Wikipedia. Convolutional Neural Network [Enextponnuii pecypc]. - Pexxum nocrymy:

https://en.wikipedia.org/wiki/Convolutional neural network.



160
[101] Wikipedia. 3eopmka (obpodxa 306pasxcenv) [Enextponnuit pecypc]. - Pexum
noctyny: https://tinyurl.com/ynsaxk49
[102] Databricks. Convolutional Layer [Enextponnmii pecypc]. - Pexum goctymy:
https://www.databricks.com/glossary/convolutional-layer.
[103] Ghafoor M., Akutsu T. On the Generative Power of ReLU Network for Generating
Similar Strings // 1EEE Access. - 2024. - T. 12. - C. 52603-52622. - DOI:
https://doi.org/10.1109/ACCESS.2024.3387306.
[104] Chen Y., Li L., Li W.,, Guo Q., Du Z., Xu Z. Chapter 2 - Fundamentals of neural
networks // Chen Y., Li L., Li W., Guo Q., Du Z., Xu Z. (eds) Al Computing Systems. -
Morgan Kaufmann, 2024. - C. 17-51. - ISBN 9780323953993. - DOL:
https://doi.org/10.1016/B978-0-32-395399-3.00008-1.
[105] Medium. Max Pooling [Enextponnuit pecypc]. - Pexum pocrymy:
https://tinyurl.com/2s3pbpd9
[106] Ba J.L., Kiros J.R., Hinton G.E. Layer Normalization [EnextponHuii pecypc]. -
Pexxum noctymy: https://doi.org/10.48550/arXiv.1607.06450.
[107] Medium. Fully Connected Layer [Enekrponnuii pecypc]. - Pexum moctymy:
https://medium.com/@vaibhav1403/fully-connected-layer-f13275337¢c7c.
[108] Litjens G., Kooi T., Ehteshami Bejnordi B., Adiyoso Setio A.A., Ciompi F.,
Ghafoorian M., van der Laak J.A.W.M., van Ginneken B., Sanchez C.I. 4 survey on deep
learning in medical image analysis // Medical Image Analysis. - 2017. - T. 42. - C. 60-88. -
DOI: https://doi.org/10.1016/j.media.2017.07.005.
[109] IBM. Gradient Descent [EnextponHuit pecypc]. - Pexum pocrymy:
https://tinyurl.com/4pj9nskw
[110] Szegedy C., et al. Going deeper with convolutions // 2015 IEEE Conference on
Computer Vision and Pattern Recognition (CVPR). - 2015. - Boston, MA, USA. - C. 1-9. -
DOI: https://doi.org/10.1109/CVPR.2015.7298594.
[111] Sunil Kumar A.S., Mahesh K. An Investigation of Deep Neural Network based
Techniques for Object Detection and Recognition Task in Computer Vision // 2023 2nd



161
International Conference on Edge Computing and Applications (ICECAA). - 2023. -
Namakkal, India. - C. 385-390. - DOI:
https://doi.org/10.1109/ICECAAS58104.2023.10212307.
[112] TIterate.ai. ResNet: Deep Network Architecture [EnextponHuit pecypc]. - Pexum
noctyy: https://tinyurl.com/mwnk95zx
[113] Simonyan K., Zisserman A. Very Deep Convolutional Networks for Large-Scale
Image Recognition [Enextponnuii pecypc]. - Submitted on 14 Sep 2014. - Pexxum nocrymy:
https://doi.org/10.48550/arXiv.1409.1556.
[114] Tan M., Le Q.V. EfficientNet: Rethinking Model Scaling for Convolutional Neural
Networks  [Enextponnmii  pecypc]. Pexum  moctymy:  https://doi.org/10.48550/
arXiv.1905.11946.
[115] Huang G., Liu Z., van der Maaten L., Weinberger K.Q. Densely Connected
Convolutional Networks [EnexrpoHHmMiA pecypc]. Pexum JTOCTYIIY:
https://doi.org/10.48550/arXiv.1608.06993.
[116] Kermany D.S., Goldbaum M., Cai W., et al. Identifying Medical Diagnoses and
Treatable Diseases by Image-Based Deep Learning // RESOURCE. - 2018. - T. 172, Ne 5. -
C. P1122-1131.E9. - DOI: https://doi.org/10.1016/j.cell.2018.02.010.
[117]  Wikipedia. @ VGGNet  [Enextponnmii  pecypc]. - Pexum  mocrtymy:
https://en.wikipedia.org/wiki/VGGNet.
[118] VISO.AL VGG: Very Deep Convolutional Networks [Enekrponnuii pecypc]. - Pexum
noctymy: https://viso.ai/deep-learning/vgg-very-deep-convolutional-networks/.
[119] Kaggle. VGGNet-16 Architecture: A Complete Guide [Enextponnuii pecypc]. -
Pexxum poctymy: https://www.kaggle.com/code/blurredmachine/vggnet-16-architecture-a-
complete-guide.
[120] Abramoff M.D., Lavin P.T., Birch M. et al. Pivotal trial of an autonomous Al-based
diagnostic system for detection of diabetic retinopathy in primary care offices // npj Digital
Med. - 2018. - T. 1. - C. 39. - DOI: https://doi.org/10.1038/s41746-018-0040-6.



162
[121] Sayres R., Taly A., Rahimy E., Blumer K., Coz D., Hammel N., Krause J.,
Narayanaswamy A., Rastegar Z., Wu D., Xu S., Barb S., Joseph A., Shumski M., Smith J.,
Sood A.B., Corrado G.S., Peng L., Webster D.R. Using a Deep Learning Algorithm and
Integrated Gradients Explanation to Assist Grading for Diabetic Retinopathy // Original
Article. - 2019. - T. 126, Ne 4. - C. P552-564.
[122] Lawrence T., Zhang L., Rogage K., Lim C.P. Evolving Deep Architecture Generation
with Residual Connections for Image Classification Using Particle Swarm Optimization //
Sensors. - 2021. - T. 21, Ne 23. - C. 7936. - DOI: https://doi.org/10.3390/s21237936.
[123]  Scaler.  Efficient Net [Enexktponnuii pecypc]. - Pexum  pgoctymy:
https://www.scaler.com/topics/deep-learning/efficientNet/.
[124] Tsiknakis N., Theodoropoulos D., Manikis G., Ktistakis E., Boutsora O., Berto A.,
Scarpa F., Scarpa A., Fotiadis D.I.,, Marias K. Deep learning for diabetic retinopathy
detection and classification based on fundus images: A review // Computers in Biology and
Medicine. - 2021. - T. 135. - 104599. - DOI:
https://doi.org/10.1016/j.compbiomed.2021.104599.
[125] IBM. Support Vector Machine [Enexrponnuii pecypc]. - Pexum mgocrtymy:
https://tinyurl.com/3ssa3we4
[126] Srihith 1.V.D., Lakshmi P.V. 4 Forest of Possibilities: Decision Trees and Beyond //
September 2023. - DOI: https://doi.org/10.5281/zenodo.8372196.
[127] Mienye L.D., Jere N. A4 Survey of Decision Trees: Concepts, Algorithms, and
Applications // IEEE Access. - 2024. - DOI:
https://doi.org/10.1109/ACCESS.2024.3416838.
[128] Natekin A., Knoll A. Gradient Boosting Machines, A Tutorial // Frontiers in
Neurorobotics. - 2013. - T. 7. - C. 21. - DOI: https://doi.org/10.3389/fnbot.2013.00021.
[129] IBM. Recurrent Neural Networks [Enextponnuii pecypc]. - Pexum noctymy:

https://www.ibm.com/think/topics/recurrent-neural-networks.



163
[130] GeeksforGeeks. Deep Learning: Introduction to Long Short-Term Memory
[Enextponnuii pecypc]. - Pexum poctymy: https://www.geeksforgeeks.org/deep-learning-
introduction-to-long -short-term-memoryy/.
[131] Lindemann B., Miiller T., Vietz H., Jazdi N., Weyrich M. 4 survey on long short-term
memory networks for time series prediction // Procedia CIRP. - 2021. - T. 99. - C. 650-655. -
DOI: https://doi.org/10.1016/j.procir.2021.03.088.
[132] GeeksforGeeks. Capsule Neural Networks (ML) [Enextponnuit pecypc]. - Pexum
noctymy: https://www.geeksforgeeks.org/capsule-neural-networks-ml/.
[133] A.Dihin, Rasha & Alshemmary, Ebtesam & Al-Jawher, Waleed. (2023). Diabetic
Retinopathy Classification Using Swin Transformer with Multi Wavelet. Journal of Kufa for
Mathematics and Computer. 10. 167-172. 10.31642/JoKMC/2018/100225.
[134] Mamyrbayev, O., Pavlov, S., Karas, O., Saldan, Y., etc. (2024). Increasing the
reliability of diagnosis of diabetic retinopathy based on machine learning,
Eastern-European Journal of Enterprise Technologies, 2(9 (128), 17-26.
[135] Bovik A.C., Acton S.T. Basic Linear Filtering with Application to Image
Enhancement // Handbook of Image and Video Processing (Second Edition). - 2005.
[136] Wikipedia. Gaussian Filter [Enextponnuii pecypc]. - Pexum gocrtymy:
https://en.wikipedia.org/wiki/Gaussian_filter
[137] Wikipedia. Median Filter [Enextponnuii pecypc]. - Pexum nocrymy:
https://en.wikipedia.org/wiki/Median_filter
[138] Pizer S.M., Johnston R.E., Ericksen J.P., Yankaskas B.C., Muller K.E.
Contrast-limited adaptive histogram equalization: speed and effectiveness // Proceedings of
the First Conference on Visualization in Biomedical Computing. - 1990. - Atlanta, GA,
USA. - C. 337-345. - DOI: https://doi.org/10.1109/VBC.1990.109340.
[139] Resound Sound. Clipping Limiting [Enextponnuii pecypc]. - Pexxum noctymy:
https://resoundsound.com/clipping-limiting/.
[140] OpenCV. Histogram Equalization [Enextponuuii pecypc]. - Pexum moctymy:
https://docs.opencv.org/3.4/d4/d1b/tutorial histogram equalization.html



164
[141] Woods J.W. Image Enhancement and Analysis // Multidimensional Signal, Image, and
Video Processing and Coding (Second Edition). - 2012.
[142] OpenCV. Canny Edge Detection [Enextponnuii pecypc]. - Pexum noctymy:
https://docs.opencv.org/4.x/da/d22/tutorial py canny.html.
[143] Rosenberger C., Chehdi K., Kermad C. Adaptive segmentation system // Signal
Processing Proceedings, 2000. WCCC-ICSP 2000. 5th International Conference on. - 2000.
- T. 2. - DOLI: https://doi.org/10.1109/ICOSP.2000.891671.
[144] American Academy of Ophthalmology. Microaneurysms [Enextponnuii pecypc]. -
Pexxum noctymy: https://www.aao.org/education/image/microaneurysms-4.
[145] Goodship T. Microangiopathies // Medicine. - 2007. - T. 35, Ne 9. - C. 510-511. - DOI:
https://doi.org/10.1016/;.mpmed.2007.06.003.
[146] Academia. Automatic Optic Disc Segmentation Using Maximum Intensity Variation
[EnextponHuii pecypc]. - Pexum JNOCTYILY:
https://www.academia.edu/60842115/Automatic Optic Disc segmentation using maximu
m_intensity variation
[147] Hakim L., Yudistira N., Kavitha M., Kurita T. U-Net with Graph Based Smoothing
Regularizer for Small Vessel Segmentation on Fundus Image [EnextpoHHuii pecypc].
Pexxum noctymy: https://doi.org/10.48550/arXiv.2009.07567.
[148] Lee J., Zee B., Li Q. Segmentation and texture analysis with multimodel inference for
the automatic detection of exudates in early diabetic retinopathy // Journal of Biomedical
Science and  Engineering. - 2013. - T 6, Ne 3. - DOI:
https://doi.org/10.4236/jbise.2013.63038.
[149] Giesser S.D., Turgut F., Saad A., Sommer C., Zhou Y., Wagner S.K., Keane P.A.,
Becker M., Cabrera DeBuc D., Somfai G.M. 4 New Retest-Stable Tortuosity Metric for
Retinal Vessel Analyses // Multidisciplinary Ophthalmic Imaging. - 2024. - T. 65, No 12.
[150] Salazar-Gonzalez A., Kaba D., Li Y., Liu X. Segmentation of the Blood Vessels and
Optic Disk in Retinal Images // IEEE Journal of Biomedical and Health Informatics. - 2014.
-T. 18, Ne 6. - C. 1874-1886. - DOI: https://doi.org/10.1109/JBHI.2014.2302749.



165
[151] Hossain N.I., Reza S. Blood vessel detection from fundus image using Markov random
field based image segmentation // 2017 4th International Conference on Advances in
Electrical Engineering (ICAEE). - 2017. - Dhaka, Bangladesh. - C. 123-127. - DOI:
https://doi.org/10.1109/ICAEE.2017.8255339.
[152] Imagel. Vessel Analysis Plugin [Enextponnmii pecypc]. - Pexum moctymy:
https://imagej.net/plugins/vessel-analysis
[153] Mustafa N.B.A., Zaki WM.D.W., Hussain A., Che Hamzah J. 4 study of retinal
vascular tortuosity in diabetic retinopathy // 2016 International Conference on Advances in
Electrical, Electronic and Systems Engineering (ICAEES). - 2016. - Putrajaya, Malaysia. -
C. 636-641. - DOLI: https://doi.org/10.1109/ICAEES.2016.7888124.
[154] Xing Z., Jia H. Multilevel Color Image Segmentation Based on GLCM and Improved
Salp Swarm Algorithm // 1EEE Access. - 2019. - T. 7. - C. 37672-37690. - DOI:
https://doi.org/10.1109/ACCESS.2019.2904511.
[155] Sharma A., Kodipalli A., Rao T. Performance of Resnet-16 and Inception-V4
Architecture to Identify Covid-19 from X-Ray Images // 2022 1EEE 9th Uttar Pradesh
Section International Conference on Electrical, Electronics and Computer Engineering
(UPCON). - 2022. - Prayagraj, India. - C. 1-6. - DOI:
https://doi.org/10.1109/UPCON56432.2022.9986372.
[156] Keras. Dense Layer [Enexrponnuii pecypc]. - Pexum  gocrtymy:
https://keras.i0/api/layers/core layers/dense/.
[157] Keras. Dropout Layer |[EnexrpoHnuii pecypc]. - Pexum  goctyny:
https://keras.io/api/layers/regularization layers/dropout/.
[158] GeeksforGeeks. Attention Mechanism in Machine Learning [Enexrponnwuii pecypc]. -
Pexxum nocrymy: https://www.geeksforgeeks.org/ml-attention-mechanism/.
[159] Yan Y., Xu X., Chen W., Peng X. Lightweight Attended Multi-Scale Residual Network
for Single Image Super-Resolution // 1IEEE Access. - 2021. - PP(99):1-1. - DOI:
https://doi.org/10.1109/ACCESS.2021.3069775.



166
[160] Ziaee A., Cano E. Batch Layer Normalization, A new normalization layer for CNNs
and RNN // September 2022. - DOI: https://doi.org/10.48550/arXiv.2209.08898.
[161] Woo S., Park J., Lee J.-Y., Kweon 1.S. CBAM: Convolutional Block Attention Module
[Enextponnuii pecypc]. Pexum noctyny: https://doi.org/10.48550/arXiv.1807.06521.
[162] Hu J., Shen L., Albanie S., Sun G., Wu E. Squeeze-and-Excitation Networks
[Enextponnuii pecypc]. Pexum noctymy: https://doi.org/10.48550/arXiv.1709.01507.
[163] Papers with Code. Squeeze-and-Excitation Networks [ Enexrponnuii pecypc]. - Pexxum
noctymy: https://paperswithcode.com/paper/squeeze-and-excitation-networks.
[164] GeeksforGeeks. Top Hat and Black Hat Transform Using Python OpenCV
[Enextponnmii pecypc]. - Pexum nmocrtymy: https://www.geeksforgeeks.org/top-hat-and
-black- hat-transform- using-python-opencv/.
[165] Jiang S., Zhou X. DWSC-YOLO: A4 Lightweight Ship Detector of SAR Images Based
on Deep Learning // Journal of Marine Science and Engineering. - 2022. - T. 10, Ne 11. - C.
1699. - DOI: https://doi.org/10.3390/jmse10111699.
[166] Towards Data Science. L1 and L2 Regularization Methods [Enextponnuii pecypc]. -
Pexxum JOCTYIY: https://towardsdatascience.com/l11-and-12-regularization-methods-
ce25e7fc831c.
[167] Python. Python Programming Language [Enextponnuii pecypc]. - Pexxum gocrymy:
https://www.python.org.
[168] TensorFlow. Keras Guide [Enextponnuii pecypc]. - Pexum poctymy:
https://www.tensorflow.org/guide/keras.
[169] Keras. Keras Guides [Enextponnui pecypc]. - Pexum  gocrtymy:
https://keras.io/guides/.
[170] NumPy. NumPy Library [Enextponnmii pecypc]. - Pexum nocrymy:
https://numpy.org.
[171] Matplotlib. Matplotlib Library [Enextponnuii pecypc]. - Pexmm nmocrymy:
https://matplotlib.org.



167
[172] Scikit-Image. Scikit-Image Library [EnextponHuii pecypc]. - Pexum npocrymy:
https://scikit-image.org.
[173] SciPy. SciPy Library [Enextponnuii pecypc]. - Pexxum noctymy: https://scipy.org.
[174] Flask. Flask Documentation [Enextponnuii pecypc]. - Pexum pgoctymy:

https://flask.palletsprojects.com/en/stable/.

[175] Pandas. Pandas Library [Enextponnuii pecypc]. - Pexum poctymy:
https://pandas.pydata.org.

[176] TQDM. TQODM Library [Enexrponnuii pecypc]. - Pexum poctymy:
https://tqdm.github.io.

[177] Werkzeug. Werkzeug Documentation [Enexkrponuuii pecypc]. - Pexum pocrymy:
https://werkzeug.palletsprojects.com/en/stable/.

[178] Selvaraju R.R., Cogswell M., Das A., Vedantam R., Parikh D., Batra D. Grad-CAM:
Visual Explanations from Deep Networks via Gradient-based Localization [EnekTpoHHMIT
pecypc]. Pexxum goctymy: https://doi.org/10.48550/arXiv.1610.02391.

[179] Mozilla Developer Network. Web HTTP [Enextponnuii pecypc]. - Pexxum nocrymy:
https://developer.mozilla.org/en-US/docs/Web/HT TP#.

[180] Mozilla Developer Network. Web HTML [Enextponnuii pecypc]. - Pexum nocrymy:
https://developer.mozilla.org/en-US/docs/Web/HTML.

[181] npm. wuuid Package [Enextponnuéi pecypc]. - Pexum  pocrymy:

https://www.npmjs.com/package/uuid.

JONATKH



168
JOIAATOK A. AKT BIpoBaKeHHsI pe3yJIbTaTiB JUCEPTalliiiHOI poOOTH

3ATBEPDKYHO

Nikap - odpransMonor

KomyHanksHe HekoMepuiiHe NignpuemMcTeo

«1 TeputopianstHe MeguyHe 06'eqHaHHsa M.JlkBOBaY»
BigokpemneHuid nigpoagin «flikapHa ceaToro Jlyku»
MML| «Mikpoxipyprisi oka».

Neswnupka O. B.

"29" ciyHg 2025 p.

AxT
BNpOBagkeHHA peaynkTatie AucepTauiiHoi pobotu Bacapaba M. P.

B KomyHanbHoMy HekomepuiiiHomy nianpuemctsi «1 TepuTopiansHe meauyHe
o6'egHaHHs M. NIbBOBa», a caMe B BigokpeMneHoMy niapoaaini «JlikapHs cesaToro Jlyku»
MML] «Mikpoxipypris oka», fnikap - odpTansmonor Jlesuiibka O.B cknana AiAcHWiA aKT
NpO NpaKTUYHE BUKOPUCTAHHA pesynsTaTie auceprauiiHoi pobotu Bacapaba M. P.
"AHania 306paxeHb CiTKiBki OKa Ans [iarHocTuku AiabeTnuHol peTuHonarii' y sinaineHH
MiKpoXipyprii oka.

BMKOpUCTaHHA pesynbraTiB HayKoBux aocnigxeHb bacapaba M. P, a came :

- IHchopmalliliHoro 3aGe3aneveHHsl, po3poGNeHOro Ha OCHOBI 3anponoHOBaHOM
KOMMNEKCHOro MeTofy aHanisy cyauHHoi Mepexi CiTKiBkM oka Ana aHanisy Ta
ouiHIOBaHHS PO3BUTKY AiabeTnyHoi peTuHonaril.

-  KomnnexkcHOro MmeTogy aHanisy CyAWHHOI Mepexi CiTKIBKM, SIKMA BKNHOYae
MioBMLLEHHS KOHTpacTHocTi 3o6paxeHHs, dinbTpauilo WyMmiB, aganTUBHY
cerMeHTallil0 CyOWHHOI MepexXi Ta pO3paxyHoK HW3KW  3anporoHOBaHMX
JiarHOCTUYHMX napameTpiB 3 NOAANbLUMM 3aCTOCYBAHHAM BAOCKOHANEHoi B
poboTi apxiTeKkTypy ribpuaHoi HEMpOHHOI Mepexi Ana aiarHocTUku AiaBeTuyHol
peTuHonarii.

TakMM  YMHOM, BNpOBafKeHHsA  pesynsratie  AuceprauiiHol  poBotu
Bacapaba M. P. no3sonumio MOKPaLWTM AKICTb MPUAHATTA AIArHOCTUYHOMO pilleHHA
woao MOXIUBOCTI pPO3BUTKY PO3BUTKY niabeTuyHol peTuHonarii
nikapem-ohTansmMonorom.

[iAicHnin akT He € NiACTaBOoIO AN OAepPXaHHA BUHAropoau.

AKT cknaneHnid Ans Npea'siBNeHHA B cnevjanizoBaHy BYeHy paay HauioHansHoro
TexHiYHoro yHisepcuteTy YkpaiHu «KuiBcbkoro [MoniTexHivHoro IHcTutyTa im. Irops
Cikopcbkoro» y 3e'siaky 3 saxuctom pAucepTauii bacapaba M. P. "Ananis so6paxeHs
CITKIBKM OKa AnA aiarHocTukv AiabeTuyHol peTuHonatil" 3a cneuiansHicTio 153 "Mikpo-
Ta HaHocUCTEMHa TexHika”,

Nikap - odbransmonor NeBuupka O. B.
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JOIJATOK Bb. Criucok nyOmikairiit 3700yBada 3a TEMOIO TUcepTarlii

CrartTi, B IKHX OITyOJIIKOBaH1 OCHOBH1 PE3y/IbTaTH JUCEPTAIIii:

[1]“Advanced Edge Detection Techniques for Enhanced Diabetic Retinopathy Diagnosis
Using Machine Learning”, Basarab M.R., Ivanko, K.O., Visnyk NTUU KPI Seriia -
Radiotekhnika ~ Radioaparatobuduvannia, vol. 97, pp. 67-75, 2024.
https://doi.org/10.20535/RADAP.2024.97.67-75

BinomocTi: my6mikaris y ¢axoBoMy BuIaHHI YKpaiHW, y BUIAHHI, MPOIHJIECKCOBAHOMY Y
0a31 maaux Web of Science.

Ocobucrtuii BHecok 3100yBaya: [Iporpamna peaizaliis 3apoONIOHOBAaHUX METO/IB, aHAI3,
OOrpyHTYBaHHS Ta MOPIBHAHHS OTPUMAHUX PE3YJIbTaTIB.

[2]“Deep Learning for the Detection and Classification of Diabetic Retinopathy Stages”,
Basarab M. R., Ivanko K. O., MicrosystElectronAcoust, 2024, vol. 29, no. 2.
https://doi.org/10.20535/2523-4455.mea.309642

Binomocri: ny6nikauis y (hpaxoBoMy BUAaHH1 YKpainu kareropii “b”.
Oco0Oucrtuii BHecok 3100yBaua: [locranoBka 3amavi, aHai3 JiTepaTypHUX JHKEpen, aHai3
Ta MOPIBHAHHSA 1CHYIOUHX IIJIXO1B Ta METOIIB.

[3]“Investigation of Fundus Images for Detection of Diabetic Retinopathy Stage Using
Deep Learning”, Basarab M. R., Ivanko K. O., Visnyk NTUU KPI Seriia -
Radiotekhnika Radioaparatobuduvannia, (94), pp- 49-57, 2023.
https://doi.org/10.20535/RADAP.2023.94.49-57

Binomocri: ny6mikaiis y ¢axoBoMy BHUJAaHHI YKpaiHW, y BUJAHHI, NPOIHJEKCOBAHOMY Y
6a31 nannx Web of Science.

Oco0uctuii BHecok 3100yBaya: YyacTh B NPOrpaMHiil pearizailii 3amporoHOBaHUX
METO/I1B, OOTPYHTYBaHHS Ta MOPIBHSAHHS OTPUMAHUX PE3YJIbTATIB.

[4] “Prediction of the Development of Gestational Diabetes Mellitus in Pregnant Women
Using Machine Learning Methods”, Basarab M. R., Ivanko K. O., Kulkarni
Vishwesh, MicrosystElectronAcoust, 2021, vol. 26, no. 2
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https://doi.org/10.20535/2523-4455.mea.228845
Binomocri: nyb6mnikauis y (hpaxoBoMy BUAaHHI YKpainu kareropii “b”.
Oco0uctuii BHecok 3100yBauya: Peainizaiiiss mporpaMHoi 4aCTHUHH, MOPIBHAJIBHUN aHATI3
3alPOTIOHOBAHUX METOIB, OOTPYHTYBAHHS Ta y3araJlbHCHHS OTPUMaHUX PE3YJIbTaTiB.
[Iparri, mo 3acBiAUyIOTH anpoOaIlito MaTepiaiiB AUCEePTAaITii:

[1]bacapad6 M. P., Isambko K.O., JliarHoctmka miabeTH4HOi peTUHOMATIi 3
BUKOpHCTaHHSAM MalmMHHOro HaBuyaHHi. XVII Muixnapogna Haykosa-IIpakTuuna
koH(pepeHmisa “Tadopmartiiini TexHosorii 1 aBromaru3aiis’ - Oneca, 31 xoBTHS - 1
nuctonana, 2024, ¢.774-776.

Oco0ucrunii BHecok 3100yBauya: Peanizanis nporpaMHoOi YaCTUHM, MOPIBHSJIBHUAN aHaTI3
3aMpOTNIOHOBAHUX METOIB, OOTPYHTYBAaHHS Ta y3arajJbHEHHS OTPUMaHUX PE3YJbTaTiB.

[2] Yann Zerrouk, Kateryna Ivanko, Nataliia Ivanushkina, Anton Korniienko, Marko
Basarab, Hanna Porieva. Prediction of Epileptic Seizures Based on Analysis of
Electrical Activity of the Brain and Parameters of Heart Rate Variability. 2022 IEEE
41st International Conference on Electronics and Nanotechnology (ELNANO),
Department of Electronic Engineering Igor Sikorsky Kyiv Polytechnic Institute Kyiv,
October 2022. Pp. 440-445.

OcoOucTuii BHecok 3100yBaua: [[opiBHSIbHMIA aHATI3 3alIPOITOHOBAHUX METOIIB.
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