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ABSTRACT

BACKGROUND: Optical coherence tomography is a modern high-tech, insightful approach to detecting pathologies of the retina
and preretinal layers of the vitreous body. However, the description and interpretation of study findings require advanced
qualifications and special training of ophthalmologists and are highly time-consuming for both the doctor and the patient.
Moreover, mathematical models based on artificial neural networks now allow for the automation of many image processing
tasks. Therefore, addressing the issues of automated classification of optical coherence tomography images using deep
learning artificial neural network models is crucial.

AIM: To develop architectures of mathematical (computer) models based on deep learning of convolutional neural networks
for the classification of retinal optical coherence tomography images; to compare the results of computational experiments
conducted using Python tools in Google Colaboratory with single-model and multimodel approaches, and evaluate classification
accuracy; and to determine the optimal architecture of models based on artificial neural networks, as well as the values of the
hyperparameters used.

MATERIALS AND METHODS: The original dataset included >2,000 anonymized optical coherence tomography images of
real patients, obtained directly from the device with a resolution of 1,920x969x24 BPP. The number of image classes was
12. To create the training and validation datasets, a subject area of 1,100x550x24 BPP was “cut out”. Various approaches
were studied: the possibility of using pretrained convolutional neural networks with transfer learning, techniques for resizing
and augmenting images, and various combinations of the hyperparameters of models based on artificial neural networks.
When compiling a model, the following parameters were used: Adam optimizer, categorical_crossentropy loss function, and
accuracy. All technological operations involving images and models based on artificial neural networks were performed using
Python language tools in Google Colaboratory.

RESULTS: Single-model and multimodel approaches to the classification of retinal optical coherence tomography images
were developed. Computational experiments on the automated classification of such images obtained from a DRI OCT Triton
tomograph using various architectures of models based on artificial neural networks showed an accuracy of 98—100% during
training and validation, and 85% during an additional test, which is a satisfactory result. The optimal architecture of the model
based on an artificial neural network, a six-layer convolutional network, was selected, and the values of its hyperparameters
were determined.

CONCLUSION: Deep training of convolutional neural network models with various architectures, as well as their validation and
testing, resulted in satisfactory classification accuracy of retinal optical coherence tomography images. These findings can be
used in decision support systems in ophthalmology.

Keywords: artificial intelligence; medical data; dataset; machine learning; convolutional neural networks; optical coherence
tomography.
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AHHOTALIUA

06ocHoBaHMe. OnTiYecKan KorepeHTHast TOMOrpagua — COBPEMEHHBINA BbICOKOTEXHOOMMYHBIA U UHOPMATMBHBIA MeTo[,
BbISIB/IEHWS MATONIOMMW CETHATKU N1a3a U NpepeTUHaNbHbIX CI0EB CTEKI0BMAHOMO Tenla. OfHaKo onucaHue 1 MHTepnpeTauus
pe3ynbTaToB UCCef0BaHUA TPebYIT BbICOKOM KBanU(UKaLMM U cneumanbHoOM NOAroTOBKM Bpaya-odTanbMosiora, a Takke
3HauuUTeNbHBIX BPEMEHHBIX 3aTpaT Bpada M nauueHTa. BMecTe ¢ TeM ucnonb3oBaHWe MaTeMaTUYeCKUX MOJENEN Ha OCHOBE
annapara MCKYCCTBEHHBIX HEMPOHHbIX CETEl B HACTOALLEE BPEMS MO3BOJISIET aBTOMATU3MPOBaTL MHOMME NPOLLECChl, CBA3aH-
Hble ¢ 06paboTKoi 130bpaeHuii. IMeHHO NO3TOMy aKTyaNbHO peLUeHWe 3afad, CBA3aHHbIX C aBTOMaTM3auMeid npolecca
KnaccuduKaLumMm CHUMKOB OMTUYECKOW KOTePEHTHOI ToMorpadumu Ha ocHoBe rybokoro obyueHns Mogenen UCKYCCTBEHHbIX
HEMPOHHBIX CETEMN.

Llenb — pa3pabotaTb apxuTeKTypbl MaTeMaTU4eckux (KOMMbOTEPHbIX) MOZENel Ha OCHOBE ryboKoro 0bydyeHus cBEpTOY-
HbIX HEMpOHHBIX CeTel, NpeAHa3HaueHHbIX LI KnaccUUKaLmMM CHUMKOB OMTUYECKON KOTePEHTHOW ToMorpadmm ceTyaTku
rnasa; CpaBHUTb Pe3ynbTaThl BbIMUCIIUTENBHBIX 3KCMEPUMEHTOB, NPOBEAEHHBIX C UCMONb30BaHMeM cpefcTe Python B Google
Colaboratory npu ofHoO- M MHOTOMOZENBHOM MOAXOAAX, W BbIMOSHUTL OLEHKM TOYHOCTU KNaccuuKaumu; caenatb BbIBOAbI
06 onTMManbHOW apXUTeKType MoJenei MCKYCCTBEHHBIX HEMPOHHBIX CETEM W 3HAYeHMSX UCMOMb3yeMbIX rMnepnapamMeTpoB.
Marepuanbl U MeToapl. VcxoaHbIl faTaceT, NpeacTaBnsoLLmMA cob0i 006€3NIMYeHHbIE CHUMKU ONTUYECKOW KOrepeHTHOM To-
Morpaduu peanbHbIX nauueHToB, BKItovan tonee 2000 mM3obpaxeHWH, NoNy4eHHbIX HEMOCPeACTBEHHO ¢ npubopa B pas-
pewenun 1920x969x24 BPP. KonuyecTtBo KnaccoB usobpawenun — 12. [lna cospanus obyyaioliero U BanuaaLMOHHOMO
HabopoB JaHHbIX OCYLLECTBNIANM «Bblpe3aHue» npeaMeTHoi obnactu 1100x550x24 BPP. W3yuanu pasnuuHble nogxopnbi:
BO3MOXHOCTb WUCMOb30BaHUS NpefobyyeHHbIX CBEPTOYHbIX HEMPOHHBIX CETel C NEPEHOCOM 0bY4eHUs, METOANKU U3MEHeE-
HWA pa3Mepa M ayrMeHTaumu u3obpaxkeHui, a TaKKe pasfMyHble COYETaHWs runeprnapameTpoB Mofenen UCKYCCTBEHHbIX
He/pOHHbIX ceTel. [pu KoMNUNALMK MOAENM UCMONb30BaNM CleAyloLLMe NapaMeTpbl: onTuMu3atop Adam, gyHKuMIO noTepb
categorical_crossentropy, MeTpuKky accuracy. Bce TexHonornyeckue npouecchl ¢ M300paXeHUsIMU U MOJENSAMM UCKYCCTBEH-
HbIX HElipOHHbIX CETEN NMPOBOAMIM C UCMONb30BaHUEM cpeAcTB A3blka Python B Google Colaboratory.

Pe3ynbtathl. [lpeanoxeHsl 0AHO- U MHOMOMOAEMbHBIA MPUHLMIBI KNaccubUKaumum U300paeHnin ONTUYECKOW KOrepeHT-
HOM TOMorpaduu ceTyaTku rnasa. BelumcnuTenbHbIE 3KCMEPUMEHTLI N0 aBTOMATU3MPOBAHHOM KNACCMUKALMU TaKWX WU30-
bpaxeHui, nonyyeHHbix ¢ Tomorpada DRI OCT Triton, ¢ Mcnonb3oBaHWeM Pa3fMYHbIX apXUTEKTYp MOLenei UCKYCCTBEH-
HbIX HEWpOHHbIX CETEW MOKasanu TOYHOCTb npu 0byyeHun u Banupaumm 98-100%, v Ha pononHuTenbHoM Tecte — 85%,
uYTO AB/IAETCA YAOBNETBOPUTENBHBIM pe3ynbTaToM. BbibpaHa onTuManbHas apXUTeKTypa MOAENW UCKYCCTBEHHOIM HEMPOHHOM
CET — 6-CNONHaA CBEPTOYHAA CETb, — M ONpefeneHbl 3HaYeHUs e€ r1nepnapameTpos.

3aknovenune. Pesynbtathl rnybokoro 0byyeHus Mopeneit CBEPTOYHbIX HEMPOHHBLIX CETEN C PA3/IMYHON apXUTEKTYPOM, WX
Ba/MAaUMM M TECTUPOBAHMA MOKa3anmn yA0BNETBOPUTENBHYIO TOYHOCTb KNACCUPUKALMM CHUMKOB ONMTUYECKON KOTepEHTHOI
ToMorpadmm cetyatku rnasa. [laHHble pa3paboTku MoryT ObiTb MCMONb30BaHbl B CUCTEMAX MOAAEPHKM NPUHATUS peLLeHUi
B 0bniacTn odTanbmMonoruu.

KnioueBble cnoBa: VICKYCCTBEHHbIVI WHTENNEKT, MeJULUMHCKWE [aHHble; OaTaceT; MallMHHOoe oﬁyqume; CBépTO‘-IHbIe
HeVIPOHHbIe CeTH; onThyecCcKana KorepeHTHas TOMOFpadJVIFI.
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