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llynvea M.B. Metoq Ta mnporpami 3aco0M MyJBTUMOJAIBLHOTO aHAJI3y
MEIUYHUX JaHUX Ha OCHOBI IIMOOKOro HaBuaHHS. — KBamidikaiiiiHa HaykoBa Ipars Ha
paBax PYKOITHUCY.

Hucepramiss Ha 37100yTTS HAyKOBOTO CTyIeHs Jokropa dimocodii 3a
cnemianpHicTIO 121 — IHXeHepiss mporpamMHoOro 3adesnedeHHs 3 raiays3i 3HaHb 12 —
[apopmamiitni  Ttexnonorii. — Hamionaneuuii Texuiunuit VYHiBepcuteT VYKpaiHu
«KwuiBcbkuii [lomirexuiunuit [ncruryT imeni Irops Cikopebkoro», Kuis, 2023.

HMuceprarniitHa po0oTa MpHUCBSIYEHA PO3pPOOIII METOAYy Ta MPOrpaMHHUX 3ac00iB
MYJABTUMOJAQIBHOTO aHATI3y MEAWYHUX JaHUX HAa OCHOBI TIMOOKOTO HAaBYAHHSA, IO
JT03BOJISIE TIIBUIIMTH TOYHICTh O0araTokiacoBoi Kiaacudikairii.

OcranHiM 4YacoM cdepa MEIULMHH aKTHBHO BHKOPUCTOBYE MOXJIMBOCTI
MITYYHOTO 1HTENEKTY. 30KpeMa, TIIMO0KI HEHPOHHI MEpPEexkl JOBEIH CBOIO €(EeKTUBHICTS 1
OPUAATHICT, IS aBTOMAaTHM30BaHOTO BHUABJICHHS Ta Kiacudikailii 3aXBOPIOBaHb.
[HTETpaIlis MEeTO/IIB MITYYHOTO 1HTEIEKTY Ma€ TIOTEHIIIAJ JUTS ONTUMI3AIli Ta TOKPAIICHHS
TOYHOCTI MpOTpaM CKPUHIHTY IUISIXOM aBTOMAaTH3allli aHallily MEIUYHUX JaHUuX,
yCyBalOUM HEOOXIJTHICTh O€3M0CEePe/IHbOI y4yacTi MEIMYHOIO IEepCOoHANly Ha eTari
ckpuHiHTYy. HarambHO mpo06IeMOI0 B IIBOMY KOHTEKCTI € JiarHOCTHKa J1abeTHYHOI
pETUHOIATIi, MONIUPEHOTO YCKJIaJAHEHHS J1a0eTy, 10 MPU3BOAUTH JI0 MOTIPIICHHS 30py
cepen mopocioro HaceneHHs cBity. OTXe, B JaHWW dYac ICHYe aKTyaJbHa ToTpeda B
3aCTOCYBaHHI MIJIX0AY 3 BUKOPUCTAHHAM KOMIT IOTEPHOTO 30py Ta TIMOOKUX HEMPOHHUX
MEpeX IS HaJaHHS MePEeIOBUX MEIUYHUX TIOCIYT 32 JIOMOMOTOIO IMITYYHOTO 1HTEIEKTY, 3
0COOJMBUM aKIIEHTOM Ha Kiacudikarii 1iabeTHYHO1 peTHHOMNATI].

Tema nucepTalliiinoi poOOTH BXOAUTH B MJIaH HAYKOBOT pOOOTH 3aTBEPAKEHOMY Ha
kadenplt obOuncmoBasnibHOi TexHikM KIII im. Irops Cikopcekoro, 1mo BpaxoBye
posnopskenHs: Kabinery MinicTpiB Ykpainu Bim 2 rpyans 2020 p. Ne 1556-p mpo
cxBasieHHs1 KoHuenii po3BUTKY IITYYHOTO 1HTEJIEKTY B YKpaiHI.

Meroro gucepTamiiHoi poOOTH € IMJBHINCHHS TOYHOCTI 0araTokaacoBOi

Kiacudikaiii 3aXBOPIOBaHb TJTMOOKMMH HEHPOHHUMHU MEpPEXaMH, IIIIXOM PO3POOKHU
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METOJly MYJIBTUMOJAIBLHOTO aHamizy MeaudHuX JaHux. OO0’€KTOM JOCHIIKEHHS €
IPOIIECH aHai3y BUMOT, PO3POOKH, BIPOBAIKCHHS 1 CYNMPOBOKCHHS IMPOTPAMHOTO
3a0€3MeUeHHs I MYJIBTUMONAILHOTO aHAl3y MEANYHHUX JaHUX Ha OCHOBI TTTMOOKOTO
HaBYaHHS, SKI CIPHUAIOTh IMIJBUINCHHIO TOYHOCTI BH3HAYCHHS OKPEMHUX KIACiB s
3aBJlaHHA 0araTokJacoBOi Kiacu@ikalli MEIUYHUX JAaHUX; a IPEIMETOM JOCIIIKEHHS —
METOIM 1 MojAel PO3pOOKH 1 CyHpoOBOAY MPOTPaMHOrO 3a0C3MEeUeHHS s
MYJIBTEMOJQIBHOTO aHANN3y MEIWYHUX JaHUX HAa OCHOBI MIMOOKWUX HEHUPOHHUX MEpEexK
PI3HOI apXiTEeKTypH 1 CIOCO0IB OpTaHi3allii JoJaTKOBUX MOIATLHOCTEH.

MeTonuYHOI0 OCHOBOIO JOCHIDKCHHS € CHCTEMHE ONpAIlOBaHHS Ta aHali3
TEOPETUYHOTO MaTepiany, MPUCBSIUYECHOTO MiABUIIEHHIO TOYHOCTI BUPILICHHS 3aBAaHHS
OararokiacoBoi Kiacudikailli, OUIIXOM aHalli3y MEAUYHHX JaHUuX 3a JOTIOMOTOO
Mojiesiel MMOOKUX HEMPOHHUX MEPEK.

JUtst TOCATHEHHS TOCTaBJIEHOT METH OyJIM BUPILIEHI TaKl 3aBIaHHS:

e  Oy/o JAOCHIKEHO Cy4acHI METO/IM Ta CUCTEMHU BUSIBIICHHS Ta 0araTokjaacoBOl
kacu@ikarii 3aXBOpPOBaHb Ha MPUKJIAA1 11a0€TUYHOI PETUHOMATI,

e Oyno BHUABICHO IUIAXM TMOKPAIICHHS ICHYIOYMX METOMIB Ta CHCTEM
BUSBIICHHS Ta 0ararokiacoBoi Kiacu@ikallii 3aXxBOpPIOBaHb Ha MPHUKJIAAl J1a0eTHYHOI
peTUHOMNATIi;

e  Oynmo PoO3poOJEHO METOJ MYJBTUMOJATBLHOTO aHATI3y MEIUYHUX JaHUX Ha
OCHOBI JIOTIOBHEHHS META/IaHUX;

e  OyJI0 PO3BHUHYTO CMOCIO MiABUIIIEHHS TOYHOCTI 6araTokaacoBoi Kiacudikarii
3aBISKM BHKOPUCTAHHIO METOAY MYJIBTHMOAQIBHOTO aHami3y IS PI3HUX apXiTEKTyp
3rOPTKOBOI KOMIIOHEHTH HEUPOHHOT MEPEXKI;

e Oylo po3pobJeHO METOJ HEACTCPMIHOBAHOTO INTYYHOTO JIOTIOBHEHHS
MeTaJaHuX;

e  OyJI0 PO3BHUHYTO CIOCIO MiABUIIIEHHS TOYHOCTI OaraTokaacoBoi Kiacudikarii
3aBISKM BUKOPUCTAHHIO METOMY HEACTEPMIHOBAHOTO IITYYHOTO TOTIOBHEHHS METaJTaHHUX
JUTSI pI3HUX CTaHJAPTHHX 1 CIEI1ali30BaHUX MEANYHUX HAOOPIB JaHUX;

®  Oyilo po3poOJICeHO MaTeMaTUYHUN OIMUC JJISI OIIHKU MiABUIIEHHS TOYHOCTI

OararoksiacoBoi kiacu(ikaiii Ha pI3HUX CTAaHAAPTHUX 1 CHEIIATI30BAaHUX MEIUYHHUX



Habopax JaHuX.

3a pesyapTaramMu MPOBEACHOTO JOCIIIKCHHS Ta 3T1IHO MOCTABJICHOTO 3aBIaHHSI
OyJ10 3aIPOTIOHOBAHO KOMIUICKCHHM METOJ] MYJIETUMOIAJIFHOTO aHaJi3y MEIUYHUX JaHUX
Ha OCHOBI NIMOOKOTO HAaBYaHHS, MPU PO3pOOIl SKOrO OynM TPOBEACHI HACTYIMHI
JOCTIHKCHHS:

®  JOCIIDKCHHS  JIOTIOBHEHHS  METAJaHWX [UJI1  BHPIMICHHS  3aBIaHHS
OararokiiacoBoi Kiacugikartii,

®  JIOCIIJKEHHS BIUITMBY CKJIAQHOCTI MYJIBTUMOJAJIBHOT MOJENl Ha BUPIIICHHS
3aBIaHHs 0araTokJacoBOi KiIacu(ikallii;

®  JIOCIIKCHHS HEIEeTePMiHOBAHOTO JOTIOBHEHHS METAJaHMX IS BUPIIICHHS
3aBJaHHs 0araToKiIacoBOi KiIacu(ikari;

®  JIOCIIUKCHHS BIUIMBY MYJIBTUMONAIBHOTO JOTIOBHEHHS METAQJaHUX Ha
TOYHICTh OAraToKIacoBOi Kiacudikariii.

Po3msiHyTo mpobnemy OararokiacoBoi Kiacu@ikauii Juisi OAHOMOJAJBHOI (3
BBEJICHHSAM 300paXCHHs) MOJEN Ta MYJIbTUMOJANIBHOI (3 BBEACHHSIM 300pa’KEHHS Ta
TEKCTY) MOJIJIl Ta CTBOPEHO KUIbKa BapiaHTIB BXIAHUX 3HAYEHB 1 BIAMIOBIIHUX MOJEeH
HAa OCHOBI aHali3y cnoco0iB Ta METOMIB BUKOPUCTAHHS MIIMOOKOTO HAaBYaHHS IS
BUSBIICHHS 3aXBOPIOBaHb Ha MPUKIAl A1a0eTUYHOT PETUHOMATIi 1 aHami3y ICHYIOYHX
METOJIOJIOT1 BUSIBJIICHHSI 3aXBOPIOBAaHb: OAHOMOJalIbHA Mojeiab (SM) nuiie 3 BXiTHUM
300paKEHHAM 1 MYJBTUMOJATBHI MOJIENI 3 BXIIHUMH 300paKCHHSIMHU Ta TEKCTOM, SIK-OT
MYJBTUMOQJIbHA MOJIENbh 13 aymkoro mamieHta (MP), MmynsruMmonanbHa MOAEHb 13
nymkoro ekcrnepra (ME), MynbTuMoganbHa MOAENb 13 JTYMKOIO TAalllEHTa Ta €KCIepTa
(MPE) Tta mynsTuMonmanbHa MOJENb 3 HeleTepMiHOBaHOW nymkor ekcrnepra (MMFE).
BrmB nogaTkoBuX JaHUX, TakKUX sAK CyO'€KTMBHA JyMKa ‘“‘TallieHTa” Mpo CBiMl cTaH
3M0pOB'S Ta AyMKa “‘ekcriepra’ (1o 3abesrnedye “BUTIK JAHUX ), MOXKE OyTH KOPHUCHHUM Y
NeSAKUX TMPaKTUIHUX CHUTyallisxX. JlyMKM maIllieHTiB Ta eKCHepTiB OylIu 1MiTOBaHI
JOJATKOBUMH (JTOTIOBHCHUMU) TAaHUMH, OTPUMAHUMH 3 3MO/ICIIbOBAHUX AHKET.

[IpoBeneno mOCHiKEHHS JOMOBHEHHS METAJaHUX U1l BUPIMICHHS 3aBIaHHS
OaraTtokacoBoi Kiacudikarlii, ke Moka3ajao, 10 BC1 CTBOPEHI MYJBTUMOAAIBHI MOACITI

(MP, ME, MPE) y nopiBHSHHI 3 OJHOMOJAJIbHOIO MOJeU0 (SM) H03BONMIM JOCATTU



5

PI3HHX CTAaTUCTUYHO 3HAYYIIUMX TMOKpAIIeHb TOYHOCTI 0araTtokyiacoBoi Kiacudikaiii 3a
3HAUEHHSM IUIoIl T KpuBoto nmoxuobok (AUC) mist Beix kiaciB y aianasoHi Bij 4% 1o
27%, MO BUXOAATH 3a MEXKI CTAaHIAPTHOTO BIIXWICHHS 2-3% BUMIPSHOIO IEPEXPECHOIO
MIEPEBIPKOIO.

[IpoBeneHO NOCHIIKEHHSI JOCHIKEHHS BIUIMBY CKJIAAHOCTI MYJIBTUMOJAIBHOT
MOJIeJIl Ha BHWPIIIEHHSA 3aBJaHHS OararokiaacoBoi kiacudikaiii, sKe MOKaszalo, IO
MyJabTUMOAQIbHA Mojenb (MP) y mopiBHSHHI 3 OZHOMOJAILHOIO Mojaeio (SM)
JI03BOJIAJIA OCSTTH PI3HUX CTATHCTHYHO 3HAYYIIUX MOKPAIEHb TOYHOCTI 0araToKJIacoBOi
kinacudikarii 3a 3HaueHHIM AUC s neskux KiaciB y giamaszoni Big 15% mo 26% (B
3aJIEKHOCTI BiJ CKJIAAHOCTI apXITEKTypH 3TOPTKOBOI KOMIIOHEHTH HEMPOHHOI Mepexi),
[0 BHUXOIATh 3a MEXI CTaHIAPTHOro BimxuiaeHHS 3-8% BUMIPSHOTO IEpPEeXpecHO0
MEePEBIPKOIO.

[IpoBeneHo MOCHIIHKEHHS HEACTESPMIHOBAHOTO JOIOBHECHHS METAQIaHUX IS
BUPIIIICHHS 3aBJaHHs 0araToKiIacoBoi Kiacugikallii, ke mokas3ajo, 0 MyJbTUMOAAIbHA
monenb (MMFE) y nopiBHSIHHI 3 0JHOMOJAlIbHOW Mojeuo (SM) no3Bonuia AOCATTH
PI3HHX CTAaTUCTUYHO 3HAYYIIUX TMOKPAIICHb TOYHOCTI 0araTtokyiacoBoi Kiacudikaiii 3a
3HaueHHsIM AUC y nianazoni Bizx 12% 1o 26%.

HaBeneHo TeopeTHyHl OIIHKM MOXJIMBUX (HaMKpanmux — KOJM TOYHICTH 3a
KJlJacaMU TIJBUIIYETHCS HA CyMapHy MOXHMOKY TOYHOCTI 3a OKPEMUMHU KjacaMu IS
OTHOMOJAJIBHOI MOJEN, ¢ TOXHOKY BIA€THCA 3MEHIIUTH 3aBISKH 3aCTOCYBaHHIO
MapKyBaHHSl y JIONATKOBIH MONAJIbHOCTi; MPOMDKHUX — KOJM TOUYHICTH 3a KJlacaMu
MIJBHUINYETHCSI HAa CyMapHy ITOXHOKY TOYHOCTI, NTOMHOXKE€HY Ha (YHKIIIIO PO3MOALTY
AMOBIPHOCTEH, Jie MPOJEMOHCTPOBAHO MOXKIIMBY 3aJI€KHICTh MMOKPAIIEHHS B CEPEIHbOI
TOYHOCTI I OJHOMOJATBHOI MOJEINi; 1 HAWTIPIIMX — KOJIM TOYHICTH 3a KJacaMH HE
MJBUIYETHCSI B3arajii) piBHIB MOKpAIIEHHS TOYHOCTI OaraTokyiacoBoi kiacudikarii 3a
JIOTIOMOTOI0 TIPOCTOTO MAaT€MaTUYHOTO OMHCY 3 aKIIEHTOM Ha JeSKUX MPAKTHIHUX
BUIIAJIKAX.

Ha ocHOBI TeOpeTMUYHHX  OLIHOK MPOBEIECHO  JOCHIIKEHHS  BIUIMBY
MYJIBTEMOJQIBHOTO JOMTOBHEHHS METaJaHUX Ha TOYHICTh 0AraTokiIacoBoi Kiacugikariii 3

BUKOopucTaHHsIM pizHux crangaptaux (CIFAR10) 1 cnemianizoBaHUX MEIUYHUX
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(PathMNIST, RetinaMNIST) H©aOGopiB nmaHux, sKe ToOKa3ajgo, II0 TOYHICTh
MYJBTUMOAQIBHUX MOJIEJICH 3HAUHO 3MIHIOETHCSI 3aJI€KHO B1J] CKJIAIHOCTI HAOOPY JTaHMX,
po3Mipy BHOIpKH Ta MIHJIUBOCTI JIAHUX.

3anponoHOBaHO KOMIUIEKCHUM METO MYJIbTUMOJAIBHOTO aHai3y MEIUYHUX
JAHUX HAa OCHOBI ITIMOOKOT0 HaBUAHHS, IKUI MOJISATa€e y BUKOPUCTAHHI “BUTOKY JaHUX  Ha
KpalHIX 1 MOAIOHMX Kiacax, IO JO03BOJIAE MIJABUIIMTH TOYHICTH BU3HAYEHHS OKPEMHUX
KJIaciB JJIsl BUPIIIIEHHS 3aBJaHb 0araTokIacoBoi Kiacudikarii.

[IpoBeneHo aHami3 pe3yabTaTiB BUKOPUCTAHHSA 3allPOIIOHOBAHOTO KOMILJIEKCHOTO
METOJy  MYJbTUMOJAJIBHOTO  aHali3y MEAWYHMUX JIaHMX, SKUM TOKas3aB, IO
3aMpONOHOBAHUN METOJ Ha BiIMIHY BiJ] ICHYIOUMX pIIIEHb 32 PaXyHOK BHUKOPHCTAaHHS
JIOJJTATKOBUX MOJAJIBHOCTEH Ha OCHOBI JIOMOBHEHHS METAJIaHUX JIO3BOJIMB OTPHUMATH
MiBULIEHHS. TOYHOCTI BU3HAYEHHS OKpPEMHUX KJaciB I 3aBAaHb 0araTtokjiacoBOi
Kjacudikaiii 3axBoproBaHb Ha 4-27% y TOPIBHSHHS 31 CTaHIAPTHUM OJHOMOAAIBHUM
17IXO/TOM JIJISl PO3TIIIHYTUX 1IGHTUYHUX HAOOPIB JaHUX 1 apXITEKTYp HEHPOHHUX MEPEK.

Knrwouosi cnosa: OaratokiiacoBa kiacu@ikaiis, HEHPOHHI Mepexi, IHOoKe
HABYAHHS, JOIMIOBHCHHS METAJIaHUX, HEJACTECPMIHOBAHE MapKyBaHHS, MYJIBTUMOJAIbHA

MOJIeJIb, CITKIBKA, Ala0CTUYHA PETHHOMATIS.



ABSTRACT

Shulha M.V. Method and software tools of multimodal analysis of medical data
based on deep learning. — Qualified scientific work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 121 —
Software Engineering and 12 — Information Technologies. — National Technical
University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, 2023.

Recently, the field of medicine has been actively using the capabilities of artificial
intelligence. In particular, deep neural networks have proven their effectiveness and
suitability for automated disease detection and classification. The integration of artificial
intelligence techniques has the potential to optimize and improve the accuracy of
screening programs by automating the analysis of medical data, eliminating the need for
direct involvement of medical personnel at the screening stage. An urgent problem in this
context is the diagnosis of diabetic retinopathy, a common complication of diabetes that
leads to visual impairment among the adult population of the world. Hence, there is
currently an urgent need to apply a computer vision and deep neural network approach to
provide advanced healthcare services with the help of artificial intelligence, with special
emphasis on the classification of diabetic retinopathy.

The topic of the dissertation is included in the plan of scientific work approved by
Computer enginnering department of National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute”, which takes into account the order of the Cabinet of
Ministers of Ukraine of December 2, 2020 # 1556-r on the approval of the Concept of the
Development of Artificial Intelligence in Ukraine.

The goal of the dissertation is to increase the accuracy of multiclass classification
of diseases by deep neural networks, by developing a method of multimodal analysis of
medical data. The object of research is the processes of analysis of requirements,
development, implementation and maintenance of software for multimodal analysis of
medical data based on deep learning, which contribute to increasing the accuracy of
determining individual classes for the task of multi-class classification of medical data;

and the subject of research is methods and models of software development and support
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for multimodal analysis of medical data based on deep neural networks of various
architectures and ways of organizing additional modalities.

The methodological basis of the study is the systematic processing and analysis of
theoretical material devoted to increasing the accuracy of solving the problem of
multiclass classification by analyzing medical data using deep neural network models.

To achieve the goal, the following tasks were solved:

e modern methods and systems of detection and multiclass classification of
diseases were studied using the example of diabetic retinopathy;

e ways of improving the existing methods and systems of detection and
multiclass classification of diseases using the example of diabetic retinopathy were
1dentified;

e a method of multimodal analysis of medical data based on the metadata
augmentation was developed;

e a method of increasing the accuracy of multiclass classification was
developed due to the use of the multimodal analysis method for different architectures of
the convolutional component of the neural network;

e amethod of fuzzy metadata augmentation was developed;

e a method of increasing the accuracy of multiclass classification was
developed through the use of the method of fuzzy metadata augmentation for various
standard and specialized medical data sets;

e a mathematical model was developed to evaluate the accuracy improvement
of multiclass classification on various standard and specialized medical datasets.

According to the results of the research and according to the task, a complex
method of multimodal analysis of medical data based on deep learning was proposed,
during the development of which the following research were conducted:

e  research of the metadata augmentation for the multiclass classification;

e research of the impact of multimodal model complexity on multiclass
classification;

e  research of fuzzy metadata augmentation for the multiclass classification;

e research of the effect of multimodal metadata augmentation on multiclass



classification.

The problem of multiclass classification for a single modal (with image input)
model and a multimodal (with image and text input) model was considered, and several
options for input values and corresponding models were created based on the analysis of
ways and methods of using deep learning to detect diseases using the example of diabetic
retinopathy and analysis of existing disease detection methodologies: single modal model
(SM) with input image only and multimodal models with input images and text, such as
multimodal model with patient opinion (MP), multimodal model with expert opinion
(ME), multimodal model with patient and expert opinion (MPE) and multimodal model
with fuzzy expert opinion (MMFE). The influence of additional data, such as the
subjective opinion of the “patient” about his state of health and the opinion of the
“expert” (which provides “data leakage”), can be useful in some practical situations. The
opinions of patients and experts were simulated with additional (augmentated) data
obtained from simulated questionnaires.

Research was conducted on the metadata augmentation to solve the problem of
multiclass classification, which showed that all the created multimodal models (MP, ME,
MPE) in comparison with the single modal model (SM) made it possible to achieve
various statistically significant improvements in the accuracy of multiclass classification
by the value of the area under the curve (AUC) for all classes ranged from 4% to 27%,
exceeding the 2-3% standard deviation measured by cross-validation.

Research of the influence of the complexity of the multimodal model on the
solution of the multiclass classification task was conducted, which showed that the
multimodal model (MP) compared to the single modal model (SM) allowed to achieve
various statistically significant improvements in the accuracy of the multiclass
classification according to the AUC value for some classes in the range of 15% up to
26% (depending on the complexity of the architecture of the convolutional component of
the neural network), which are beyond the standard deviation of 3-8% measured by
cross-validation.

Research of fuzzy metadata augmentation for solving the multiclass classification

task was conducted, which showed that the multimodal model (MMFE) compared to the
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single modal model (SM) achieved various statistically significant improvements in
multiclass classification accuracy in terms of AUC ranging from 12% to 26%.

Theoretical estimates of the possible ones are given (the best — when the accuracy
by classes increases by the total error of accuracy by individual classes for a single modal
model, where the error can be reduced thanks to the application of labeling in an
additional modality; intermediate — when the accuracy by classes increases by the total
error of accuracy multiplied by the distribution function probabilities, where the possible
dependence of the improvement on the average accuracy for a single modal model is
demonstrated; and the worst — when the accuracy by class does not improve at all) levels
of improvement in the accuracy of multiclass classification using a simple mathematical
model with an emphasis on some practical cases.

Based on theoretical evaluations, research of the impact of multimodal metadata
addition on the accuracy of multiclass classification using different standard (CIFAR10)
and specialized medical (PathMNIST, RetinaMNIST) data sets was conducted, which
showed that the accuracy of multimodal models varies significantly depending on the
complexity of the data set, sample size and data variability.

A complex method of multimodal analysis of medical data based on deep learning
1s proposed, which consists in the use of "data leakage" on extreme and similar classes,
which allows to increase the accuracy of determining individual classes for solving
multiclass classification tasks.

An analysis of the results of using the proposed complex method of multimodal
analysis of medical data was conducted, which showed that the proposed method, unlike
existing solutions, due to the use of additional modalities based on the metadata
augmentation, made it possible to increase the accuracy of determining individual classes
for the tasks of multiclass classification of diseases by 4-27% in comparison with the
standard single modal approach for the considered identical datasets and neural network
architectures.

Keywords: multiclass classification, neural networks, deep learning, metadata

augmentation, fuzzy labeling, multimodal model, retina, diabetic retinopathy.



