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1. Inceprauiiina po60Ta NpUCBSYEHA PO3POOLi METOAY Ta IPOrPaMHUX 3aC00iB MYJIbTUMOJAILHOTO aHAI3Y
MEeIWYHUX JAaHUX Ha OCHOBI IIIMOOKOTO HaBYAHHS, 1[0 IO3BOJISIE MiTBUIIMTH TOYHICTh 6araTokaacoBoi kiaacudikariii.
OcraHHIM yacoM cepa MeJULMHYA aKTUBHO BUKOPHUCTOBY€E MOXJIMBOCTI IITYYHOTO iHTEJIEKTY. 30Kpema, IJIMOO0Ki
HENPOHHI MepexXi JoBenu CBOI0 €(PEKTUBHICTD i IPUAATHICTD /1J1s1 aBTOMATU30BAHOTO BUSIBJIEHHS Ta Kiacudikanii
3aXBOPIOBaHb. IHTErpallis METOIB IITYYHOTO iHTEJIEKTY Ma€ MOTEHIial g ONTUMIi3allii Ta MOKpalleHHS TOYHOCTI
IIporpam CKpHMHIHTIY HIJIIXOM aBTOMAaTH3allii aHasi3y MeIMYHUX JaHUX, YCYBalo4U HEOOXiHICTb 6e3rnocepeiHboi
y4acTi MEJUYHOTO IEPCOHAJY Ha €Talli CKpUHiHry. HarasnpHOO po6J1€MOI0 B LIbOMY KOHTEKCTI € AiarHOCTUKa
niabeTyHOI peTUHOMATI], HOMUPEHOTO YCKIaAHEHHS IiabeTy, o MPU3BOLUTD /10 IOTipLUIEHHS 30py cepen

IopocJioro HacesieHHs cBiTy. OTXe, B JaHUH Yac iCHye akTyasibHa [TOTpeda B 3aCTOCYBaHHI MiAXony 3



BUKOPHCTaHHIM KOMITIOTEPHOTO 30pY Ta IMMO0KUX HEMPOHHUX MEPEX 17151 HaLaHHS IIePeJOBUX MeUIHUX IIOCIIYT
3a JOIIOMOTOI0 MITYYHOTO iHTEJIEKTY, 3 OCOGJIMBUM aKLieHTOM Ha Kiacudikauii niabetnynoi petuHonatii. Tema
IycepTalifiHOi poOOTH BXOAUTD B IJIaH HAYKOBOi POOOTH 3aTBEPAKEHOMY Ha Kadepi 00YMCIII0BaIbHOI TEXHIKU
KIII im. Irops Cikopcekoro, o Bpaxosye posnopsixeHHs Kabinety MinicTpis Ykpainu Big 2 rpygHsa 2020 p. No
1556-p npo cxsanenHs KoHuenuii po3BUTKy IITyYHOTO iHTeJIEeKTy B YKpaiHi. MeTolo qucepTaliitHoi po6oTu €
MigBUIIEHHS] TOYHOCTi 6araToKJIacoBoi Knacudikailii 3aXBOpOBaHb IMUO0KUMU HEMPOHHUMU MepeskaMu, HIJISIXOM
PO3POOKU METOLy MYJIBTUMOZAIBHOTO aHaJi3y MEIUYHUX JaHUX. O0’eKTOM JOCiI)KEHHS € IIPOLLeCH aHaJIi3y
BHUMOT, PO3POOKY, BIIPOBAI)KEHHS i CyITPOBOIPKEHHS IPOTPAMHOTO 3a0€3M€YEHHS [IJ1S1 MYJIbTUMOIATIbHOTO aHaJi3y
MeJOUYHUX MAaHNX Ha OCHOBI IJTMOOKOTO HAaBYaHHS, SIKi CIIPUSIOTH MiBUIEHHIO TOYHOCTI BUBHAYEHHSI OKPEMUX
KJIaCiB /1151 3aBIaHHs 6araTok1acoBoi Kiacuikallii MeIMYHUX JaHUX; a IPEIMETOM IOCiIKeHHs — MeTOIH i

Mo eJli pO3pOOKHU i CYIIPOBOAY IPOTPaMHOrO 3a0€3MeYeHHs 1711 MyJIbTUMOJAJIBHOTO aHai3y MEOUYHUX JAHUX HA
OCHOBI INIM60KUX HEMPOHHUX MEPEX Pi3HOI apXiTeKTypH i crioco6iB opranisallii 104aTKOBUX MOJAIbHOCTEI.
MeToIM4YHOI0 OCHOBOIO JOCIIIPKEHHS € CUCTEMHE OIPAIIOBaHHS Ta aHaJIi3 TEOPETUYHOrO MaTepiaiy,
IIPUCBSYEHOrO MiABUIIEHHIO TOYHOCTI BUPIlI€HHSI 3aBJIaHHs 6araTokaacoBoi kiacudikallii, MIsSIX0OM aHaJIi3y
MEAWYHUX JaHUX 32 OTIOMOT0I0 MOZeJieil ITMOOKUX HEHPOHHUX MepesK. [I71s1 HOCSITHEeHHS IOCTaBIeHoi MeTu 6yin
BUpilleHi Taki 3aBOaHHs: 0 OyJIO LOCTIIKEHO Cy4acHi METOU Ta CUCTEMU BUSIBJIEHHS Ta 6araTokjacoBoi
xiacudikauii 3aXBOpIOBaHb Ha NPUKJIA/I AiabeTUYHOI peTUHOMNATii; 0 6yJI0 BUSIBJIEHO LJISIXY [IOKPALEHHS iCHYIOUNX
METO/IiB Ta CUCTEM BUSIBJIEHHSI Ta 6araToKJIacoBOi Kiacu@ikalii 3axBopioBaHb HA IPUKJIAL] IiabeTUYHO]
peTuHonarii; o 6ys0 po3po6JIeHO0 METO/, MYJIbTUMOJATIbHOTO aHali3y MEeANYHUX JAHUX HAa OCHOBI JOTIOBHEHHS
MeTaJlaHUX; 0 6yJI0 PO3BUHYTO CIIOCIO MiBUIIEHHS TOYHOCTI 6araTokaacoBoi kinacudikallii 3aBsiKi BUKOPHUCTAHHIO
METOJly MyJIbTUMOZAIbHOTO aHaIi3y [j1s1 Pi3HUX apXiTEKTYp 3rOPTKOBOi KOMIIOHEHTY HEMPOHHOI Mepexi; 0 6y
PO3pO6JIEHO MeTOM, HeIETEPMiHOBAHOTO MITYYHOTO TOTIOBHEHHS METAIaHUX; O OYJI0 PO3BUHYTO CIIOCIO MinBULIeHHS
TOYHOCTI 6araToksiacoBoi knacudikallii 3aBsIKY BUKOPUCTAHHIO METOJly HEJIeTePMiHOBAHOI'O IITYYHOTO
IOTIOBHEHHS METAlaHUX [JIs1 Pi3HUX CTAHJAPTHUX i crienjani3oBaHuX MeJUYHUX HabOPiB JaHuX; 0 6yJI0 pO3p0O06JIEHO
MaTeMaTU4YHUH OMHUC IJ1s1 OLiHKY MifBUILEHHS TOYHOCTI 6araToK/IacoBoi kiacu@ikallii Ha pisHMX CTaHAAPTHUX i
CIleniasi3oBaHUX MeAUYHNUX Habopax NaHuX. 32 pe3yJIbTaTaMu IPOBEIEHOr0 NOCJIiIKeHHS Ta 3TiIHO II0CTaBI€HOTrO
3aBZaHHs 0YyJIO 3aIIPOIIOHOBAHO KOMIIJIEKCHUI MeTOM, MyJIbTUMOJIAJIbHOTO aHali3y MEIUYHUX JaHUX Ha OCHOBI
IJIMO0KOr0 HaBYaHHS, [IpY PO3poOLi SKOro 6yyy MPOBEIEHi HACTYIHI NOCiIPKEHHS: O JOCIiIP)KEHHS! JOIIOBHEHHS
METa/IaHMX [JI BUPilIeHHs 3aBIaHHs 6araTokiacoBoi kinacudikauii; o qocmigkeHHs BIJIMBY CKJIaIHOCTI
MyJIbTUMOJIAJIbHOI MOJeJli Ha BUpIIIeHHs 3aBIaHHS 6araTokIacoBoi Kjuacu@ikanii; o JocmimKeHHs
He/leTepMiHOBAaHOTO JOTIOBHEHHS METaJaHUX [IJIsl BUPillIeHHS 3aBAaHHs 6araTokaacoBoi kinacudikalii; o

IOCJIiIKE€HHS BIUIMBY MyJIbTUMOJJIbHOTO IOMTOBHEHHS METAZlaHUX Ha TOYHICTb 6araTokj1acoBoi Kiaacuikarii.

2. 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 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: 0 modern methods and systems of detection and multiclass classification of diseases
were studied using the example of diabetic retinopathy; o ways of improving the existing methods and systems of
detection and multiclass classification of diseases using the example of diabetic retinopathy were identified; o a
method of multimodal analysis of medical data based on the metadata augmentation was developed; o 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; o a method of fuzzy
metadata augmentation was developed; o 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; o 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: o research of the metadata
augmentation for the multiclass classification; o research of the impact of multimodal model complexity on
multiclass classification; o research of fuzzy metadata augmentation for the multiclass classification; o research of
the effect of multimodal metadata augmentation on multiclass classification.
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