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Pedepar:

1. OcranHiM yacom cdepa MeIUIMHN AKTUBHO BUKOPHCTOBYE MOXJIMBOCTI IITYYHOTO iHTEJIEKTY. 30KpeMa, IINOOKi
HEUPOHHI MepexXi noBesu CBOW eDEeKTUBHICTh i MPUAATHICTH /17151 aBTOMATU30BAHOTO BUSIBJIEHHS Ta Kyacudikarrii
3aXBOPIOBaHb. IHTErpallisi METOLIB IITYYHOI O iHTEJIEKTY Ma€ MOTEHLial [JIg ONTUMIi3allii Ta MOKpalleHHS TOYHOCTI
[IpOorpam CKpHMHIHIY HIJIIXOM aBTOMATM3allii aHasi3y MeIMYHUX JaHUX, yCYyBal4M HEOOXiIHICTb 6e3rocepenHbOol
y4yacTi MEJUYHOTO IIePCOHAJy Ha eTarli CKpuHiHry. HarasipHo po6s1eMolo B IbOMY KOHTEKCTI € AiarHOCTHKa
IiabeTUYHOI peTUHOMNATI], NOMUPEHOTO YCKIaAHEHHS JiabeTy, 10 NPU3BOLUTE /10 NOTIpLIEHHS 30py cepef
IOPOCJIOro HacesieHHs CcBiTy. OTXe, B JaHUI Yac iCHye akTyaybHa OTpeba B 3aCTOCYBaHHI MiAXOY 3
BUKOPUCTAHHSM KOMITIOTEPHOTO 30PY Ta IMTMO0KUX HEMPOHHUX MEPEX [1J1 HAJJAHHSI [TePeJOBUX MEeIUYHUX [TOCTYT

3a JOIIOMOTOI0 MITYYHOTO iHTEJIEKTY, 3 OCOOJIMBUM aKLieHTOM Ha Kiacudikauii niabetnynoi petuHonatii. Tema



IVCepTaLifHOI pOOOTH BXOJUTD B IJIaH HAYKOBOi POOOTH 3aTBEPAKEHOMY Ha Kadepi 0041 CIII0BaIbHOI TEXHIKU
KIII im. Irops Cikopcbkoro, 1m0 BpaxoBye posnopsikeHHs Kabinety MinicTpis Ykpainu Big 2 rpygHsa 2020 p. No
1556-p npo cxBaneHHs KoHuenii po3BUTKY LITYYHOrO iHTeIEeKTYy B YKpaiHi. MeTolo nucepTaniiinoi pobotu €
MiJBUIIEHHS TOYHOCTI 6araToKyacoBoi Kynacudikallii 3aXBopioBaHb IMUO0KUMU HEMPOHHUMU MEPE’KaMu, UIJISIXOM
PO3POOKM METOAY MYJIbTUMOJANIbHOTO aHaJli3y MEeJUYHUX AaHUX. O6'€KTOM JOCIIPKEHHS € IPOLeCH aHali3y
BHMOT, PO3PO0OKH, BIIPOBAPKEHHS i CYIIPOBOPKEHHS IIPOrPaMHOTO 3a0€e3eYeHHsI [J1s1 MyJIbTUMOZAIbHOTO aHalizy
MeJOUYHUX NaHUX Ha OCHOBI IJIMOOKOTO HAaBYaHHS, SIKi CIPUSIOTH MiTBUIIEHHIO TOYHOCTI BUBHAYEHHS OKPEMUX
KJIACiB /1J151 3aBIaHHS 6araTok1acoBoi kacudikallii MeIMYHUX JaHUX; a IPEIMETOM OCIIKEHHS — METOIH i
MogeJii po3pobKU i CYyIIPOBOAY IPOTPaMHOTrO 3a0e3NedyeHHs 111 MyJIbTUMOAJIbHOTO aHali3y MEIUYHUX aHUX Ha
OCHOBI IMIN60KMX HEMPOHHMX MEPEX Pi3HOI apXiTeKTypH i clloco6iB opraHizallii 10JaTKOBUX MOAATIBHOCTEM.
MeTonn4YHOI0 OCHOBOIO LOCIIPKEHHS € CUCTEMHE OIPALIOBaHHS Ta aHaJli3 TEOPETUYHOrO MaTepiaiy,
IIPUCBSYEHOrO MiABUILEHHIO TOYHOCTI BUPIlIeHHS 3aBlaHHs 6araTokaacoBoi knacudikallii, msaxoM aHaizy
MeJIMYHUX JaHUX 32 JOIIOMOIOI0 Mofiesiel IIIMO0KUX HEPOHHUX Mepex. [lJ1s1 TOCATHEeHHS [10CTaBJIeHOi MeTH OyJn
BUpillleHi Taki 3aBAaHHsL: 0 O6yJI0 OCTiI)KEHO Cy4acHi METOIM Ta CUCTEMU BUSIBJIEHHS Ta 6araToKJIaCOBOI
kiacudikauii 3aXBOpIOBaHb Ha MPUKIIA/] AiabeTUYHOI peTUHOMNATIi; 0 6yJI0 BUSIBJIEHO LJISIXY [IOKPALIeHHS iCHYI0YnX
METO/iB Ta CCTEM BUSIBJIEHHS Ta 6araToKIacoBoi Kyiacuikallii 3axBOPIOBaHb Ha MPUKJIALi 1iabe TUYHOI
peTuHonarii; o 6ys10 po3po6aeHO METO, MYJIbTUMOJAIbHOTO aHali3y MEAUYHUX NAHUX HA OCHOBI JOIIOBHEHHS
METaIaHMX; O 6YJI0 PO3BUHYTO CIIOCIO MiABUILIEHHS TOYHOCTI 6araToky1acoBoi kiacu@ikalii 3aBIsK1 BUKOPUCTaHHIO
METO/ly MyJIbTUMOJIAJIbHOTO aHAJIi3y /1J1 Pi3HUX apXiTEKTyp 3rOPTKOBOi KOMIIOHEHTH HEMPOHHOI Mepexi; 0 6yJ10
PO3p06JIEHO METO, HeleTEPMiHOBAHOTO ITYYHOT'O IONIOBHEHHS METalaHUX; O 6YJI0 PO3BUHYTO CIIOCIO IiBULIEHHS
TOYHOCTI 6araToksacoBoi kiacudikallii 3aBsIKM BUKOPUCTAHHIO METOly HEJIETEPMiHOBAHOIO IITYYHOTO
IOTIOBHEHHSI METa/IaHMX [JIs Pi3HMX CTAHJAPTHUX i crienianizoBaHuX MeJUYHUX HabOPiB JaHux; 0 6yJ10 po3po6IeHO
MaTeMaTUYHUHN OTMC JJIs1 OL[iHKY ITiIBUIIEHHSI TOYHOCTi 6araTokiacoBoi kinacudikarii Ha pi3HUX CTaHJAPTHUX i
CcIlelliasli3oBaHUX MeAUYHUX Habopax JaHUX. 3a pe3ysbTaTaMu IPOBEAEHOr0 NOCJiIKEeHHS Ta 3TiJIHO [10CTaBJI€HOTrO
3aBfaHHs 0yJIO 3alIPOIIOHOBAHO KOMIIJIEKCHUI METOM, MyJIbTUMOJAJIbHOTO aHAIi3y MEOUMYHUX JAHUX HA OCHOBI
rJIMG0KOr0 HaBYaHHS, [IpY PO3POOLIi IKOro 6yyu MpoBeeHi HACTYIHI JOCiIPKeHHS: O JOCIiIP)KeHHS JOTI0BHEHHS
MeTaJlaHUX 715l BUPillleHHs 3aBAaHHs 6araTokiacoBoi kiacudikallii; 0 JOCIiIPKeHHS BIJIMBY CKIIAIHOCTI
MyJIbTUMOJIAJIbHOI MOJieJli Ha BUPIIIEHH 3aBJjaHHS 6araTokj1acoBoi Kjaacuikanii; o qocuimKeHHs
HeJIETEpMiHOBAHOTO JOTIOBHEHHSI METAJaHUX J1J1 BUPILlIEHHS 3aBaHHS 6araTokjacoBoi kiacudikalii; o

IOCJIiIKeHHS BIUIMBY MYJIbTMOJIaJIbHOTO IOMTOBHEHHS METaZlaHUX Ha TOYHICTh 6araTokyacoBoi Kinacuikarii.

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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