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1. Inceprauiiina po60oTa IpucBsYeHa po3pooblii METOy Ta IPOrpaMHUX 3aC00iB MYJIbTUMOJAILHOTO aHali3y
MeIUYHUX TaHUX Ha OCHOBI IJIMOOKOTO HaBYaHHS, 1110 JO3BOJISE MiIBUIIUTU TOYHICTh 6araTokacoBoi Kiacudikariii.
OcraHHIM YacoM cepa MeIULMHNA aKTUBHO BUKOPHMCTOBY€E MOXKJIMBOCTI IITYYHOTO iHTEJIEKTY. 30KpeMa, TJIMOOKi
HEWPOHHI MepexXi noBesu CBOW e(EeKTUBHICTD i MPUAATHICTD /1J1s1 aBTOMATU30BAHOTO BUSIBJIEHHS Ta Kyiacudikaiii
3aXBOPIOBaHb. IHTErpallisi METOLIB IITYYHOI O iHTEJIEKTY Ma€ MOTEHLial [JIg ONTUMi3alii Ta MOKpalleHHs TOYHOCTI

[Iporpam CKpHMHIHTY HIJIIXOM aBTOMATH3allii aHasi3y MeIMYHUX JaHUX, yCYBalO4M HEOOXiIHICTb 6e3MocepelHbOol



y4acTi MEJUYHOTrO [epCOoHaJly Ha eTali CKPUHiHry. HaraysbHo0 Npo61eMoI0 B IIbOMY KOHTEKCTI € IiaTHOCTUKA
IiabeTYHOI peTUHOMATI], IOMUPEHOTO YCKIaAHEHHS JiabeTy, 10 IPU3BOLUTS 10 IOTIpLUIEHHS 30py cepen
IIOpocJIoro HacesieHHs cBiTy. OTXe, B JaHUI Yac iCHye akTyasbHa OTpebda B 3aCTOCYBaHHI MiAX0y 3
BUKOPUCTAHHSM KOMITIOTEPHOTO 30pY Ta IMIMOOKUX HEMPOHHUX MEPEX /1J1 HaJaHHSI [TepeJOBUX MeIUYHUX [TOCIYT
3a JOIIOMOTOI0 MITYYHOTO iHTEJIEKTY, 3 OCOOJIMBUM aKLeHTOM Ha Kiacudikauii giabetnyHoi petuHonatii. Tema
IycepTalifiHoi poOOTH BXOAUTD B IIJIaH HAYKOBOi POGOTU 3aTBEPAKEHOMY Ha Kadepi 004MCIII0BaIbHOI TEXHIKU
KIII im. Irops Cikopcbkoro, o BpaxoBye posnopsixkeHHs Kabinety MinicTpis Ykpainu Big 2 rpygHsa 2020 p. No
1556-p npo cxBaneHHs: KoHuenuii po3BUTKy WTYYHOTO iHTeIEeKTy B YKpaiHi. MeTolo qucepTaniitHoi po6oTu €
MiJBUIIEHHS] TOYHOCTi 6araToKJIacoBoi Knacudikailii 3aXBOprOBaHb IMUO0KUMU HEMPOHHUMU MePesKaMu, IIISIXOM
PO3POOKU METOLy MYJIbTUMOJAIbHOTO aHali3y MEANYHUX JaHUX. O0’eKTOM JOCIiI)KeHHS € IPoLecH aHajlizy
BMIMOT, PO3PO0KHU, BIIPOBAIPKEHHS 1 CYNIPOBOIPKEHHSI IIPOIPAMHOTO 3a6€3Me4YeHHS [J1s1 MYJIbTUMOZABHOTO aHaJIi3y
MEAWYHUX JAaHWUX HAa OCHOBI IJINOOKOr0 HaBYaHHS, SIKi CIIPUSIIOTH MiJBUIIEHHIO TOYHOCTI BUBHAYEHHS OKPEMUX
KJIACiB /1J1s1 3aBIaHHs 6araTok1acoBoi Kiacudikallii MeIMYHNX JaHUX; a IPEIMETOM IOCTiIKeHHs — MeTOIH i
MoJeJli po3pOo0OKU i CYIIPOBOAY IPOTPaMHOrO 3a0€3MeYeHHs 1711 MyJIbTUMOAJIbHOTO aHali3y MEIUYHUX JaHUX Ha
OCHOBI IMIN60KMX HEMPOHHMX MEPEX Pi3HOI apXiTeKTypH i ClIOCO06iB OpraHisaii 10JaTKOBUX MOAATBHOCTEN.
MeTOoIMYHOI0 OCHOBOIO JOCIIIPKEHHS € CUCTEMHE OIPAIIOBAaHHS Ta aHaJi3 TEOPETUYHOrO MaTepiaiy,
IIPUCBSYEHOr0 NiIBUILIEHHIO TOYHOCTI BUPIll€HHS 3aBJlaHHs 6araTokaacoBoi knacudikallii, MsxoM aHaJi3y
MEJUYHHUX JAHUX 32 JOIIOMOTOI0 MoZesieil INIMO0KUX HEMPOHHUX MepeX. 17151 HOCSITHEHHsI IOCTaBJIeHOi MeTU Oyin
BUpilIeHi Taki 3aBgaHHs: 0 O6yJI0 LOCTIIPKEHO Cy4acHi METOIM Ta CUCTEMU BUSIBJIEHHS Ta 6araTokyacoBoi
xiacudikauii 3aXBOpIOBaHb Ha NPUKJIA/i AiabeTUYHOI peTUHOMATii; 0 6yJI0 BUSIBJIEHO LJISIXY [IOKPALEHHS iCHYI0UUX
METO/IiB Ta CUCTEM BUSIBJIEHHSI Ta 6araToK/IacoBoi Kiacu@ikaliii 3axBopioBaHb Ha IPUKJIALi fiabeTUYHO]
peTuHomnarii; o 6ys0 po3po6JIeHO METO/, MYJIbTUMOJATIbHOTO aHali3y MEANYHUX JaHUX HA OCHOBI JOTIOBHEHHS
MeTalaHuX; 0 6YJI0 PO3BUHYTO CIIOCIO MifABUILIEHHS TOYHOCTI 6araTokyiacoBoi kiacudikauii 3aBsKy BUKOPUCTaHHIO
METOJly MyJIbTUMOZAIbHOTO aHali3y JjIsl Pi3HUX apXiTeKTyp 3rOPTKOBOi KOMIIOHEHTU HEMPOHHOI Mepexi; 0 6yyio
PO3p06JIEHO METOM, HEIETEPMIHOBAHOT'O ITYYHOT'O JONIOBHEHHS METAIAaHUX; O O6YJI0 PO3BUHYTO CIIOCIO MiIBULIEHHS
TOYHOCTi 6araTokacoBoi Kinacudikallii 3aBsKi BUKOPUCTAHHIO METOY HEIETEPMiHOBAHOTO IUTYYHOTO
IIOTIOBHEHHS METalaHUX [1JIsl Pi3HUX CTaHJAPTHUX i clieljanizoBaHuX MeJUYHUX HabOPiB JaHuX; 0 6yJI0 pO3pO06JIEHO
MaTeMaTU4YHUI ONHUC JJ1s1 OLiHKY MifiBUILEHHS TOYHOCTI 6araTok1acoBoi kiacugikallii Ha pisHUX CTaHAAPTHUX i
crienianizoBaHMX MEAMYHUX Habopax AaHuX. 3a pe3yabTaTaMU IIPOBEAEHOrO JOCIPKEHHS Ta 3TiJHO [IOCTaBI€HOTO
3aBIaHHS 0yJI0 3aIIPOTIOHOBAHO KOMIIJIEKCHUI MeTOM, MyJIbTUMOJAJIbHOTO aHaIi3y MEAUYHUX JAaHUX Ha OCHOBI
IJIMO0KOr0 HaBYaHHS, [IpY PO3po6Li SKOro Oyyy MPoBeIEeHi HACTYIHI NOCiIPKeHHS: O NOCIiIP)KeHHSI JOIIOBHEHHS
METaIaHMX [1JI BUPIlI€HHs 3aBJaHHS 0araToKIacoBoi Kinacu@ikauii; 0 4ociIKeHHs BIJIMBY CKJIaIHOCTI
MyJIbTUMOJIaJIbHOI MOJieJli Ha BUpIIIeHHSs 3aBJjaHHS 6araTokIacoBoi Kiaacu@ikanii; o JocmimKeHHs
HeJIeTepMiHOBAaHOTO JOTIOBHEHHSI METaJaHUX [IJIsl BUPIllIeHHSI 3aBAaHHs 6araTokaacoBoi kinacudikarii; o

IOCJiI)KeHHS BIUIUBY MyJIbTMOJIaJIbHOTO IONTOBHEHHS METaZlaHUX Ha TOYHICTh 6araTokyacoBoi Kiaacudikarii.

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; 0 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.

Jep>kaBHU peecTpaniiinuii Homep JiP:
IIpiopuTeTHHI HanIpsIM PO3BUTKY HayKH i TeXHIKHU: [HdopmauiiiHi Ta KoMyHiKawiiiHi TexHOIOTii

CrpaTeriyHuii NpiopUTETHUH HANIPSIM iIHHOBALLiMHOI Ais1JIBHOCTI: PO3BUTOK CydacHUX

iHpopmaLiiHUX, KOMYHIKALiTHUX TEXHOJIOTi1, pOOOTOTEXHIKA
ITizcyMKH A0CIiAKEHHS: HoBe BUpIlIEHHS aKTyaJbHOTO HAyKOBOTO 3aBIaHHs

ITy6ostikamii:

¢ Shulha, M., Gordienko, Y., Stirenko, S. (2023). Deep Learning with Metadata Augmentation for Classification of
Diabetic Retinopathy Level. In: Shakya, S., Balas, V.E., Haoxiang, W. (eds) Lecture Notes in Networks and
Systems, vol 587 (pp. 613-630). Springer, Singapore. ISSN 2367-3389. DOI 10.1007/978-981-19-7874-6_46.

¢ Shulha, M., Gordienko, Y., Stirenko, S. (2023). Impact of Multimodal Model Complexity on Classification of
Diabetic Retinopathy Level. In: Garcia Marquez, F.P., Jamil, A., Eken, S., Hameed, A.A. (eds) Lecture Notes in
Networks and Systems, vol 643 (pp. 168-180). Springer, Cham. ISSN 2367-3389. DOI 10.1007/978-3-031-
27099-4_13.

¢ Gordienko, Y., Shulha, M., Kochura, Y., Rokovyi, O., Alienin, O., Stirenko, S. (2023). Fuzzy Metadata
Augmentation for Multimodal Data Classification. In: Shakya, S., Papakostas, G., Kamel, K.A. (eds) Lecture
Notes on Data Engineering and Communications Technologies, vol 166 (pp. 157-172). Springer, Singapore. ISSN
2367-4520. DOI 10.1007 /978-981-99-0835-6 _11.

¢ Gordienko, Y., Shulha, M., Kochura, Y., Rokovyi, O., Alienin, O., Taran, V., Stirenko, S. (2023). Ensemble
Knowledge Distillation for Edge Intelligence in Medical Applications. In: Pedrycz, W., Chen, SM. (eds) Studies
in Computational Intelligence, vol 1100 (pp. 135-168). Springer, Cham. ISSN 1860-9503. DOI 10.1007/978-3-
031-32095-8_5.



HaykoBa (HaYKOBO—TEXHi‘{Ha) Hpo,uyKuiﬂ: METOMM, TeOPii, rnoTe3n; NporpamMHi NpoLyKTH, IPOrPaMHO-

TE€XHOJIOTiYHA TOKyMEHTallis

ComniasibHO-€KOHOMIYHA CIIPSIMOBAHICTb: NOJINIEHHS SKOCTI XUTTS Ta 370POB' HACEJIEHHS,

e€(eKTUBHOCTI AiarHOCTUKY Ta JIiIKyBaHHS XBOPUX
OxopoHHi gokymeHTH Ha OIIIB:
Komr'torepHi nporpamu

[IporpamHi 3ac06M MyJIbTUMOAJILHOTO aHAJi3y

BukonaHHs

MeTton MyJIbTUMOJJAILHOTO aHAJI3Y

BrnpoBazkeHHS pe3yJIbTaTiB AHCEPTanii: [IiaHyeTbes 10 BIPOBaIKEHHS

3B'S130K 3 HAYKOBHMH T€MaMH: 0123U102847

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTaHTA)
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Topgzienko Opiit 'puroposuy

2. Yurii H. Hordiienko

KBasigikamis: n. ¢.-m. 1., cTapmuii HaykoBuii criiBpo6iTHUK, 01.04.07

I,quTn(biKaTop ORCHID ID: 0000-0003-2682-4668

JoparkoBa indopmamist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyz. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HAayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

VII. BizomocTi npo odiiiHUX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I10-6aTbKOBI:

1. TepemeHko Bacuip MukonanoBmny

2. Tereshchenko Vasyl M.
KBasigikanis: . d.-m. 1., npodecop, 01.05.01
InenTudirkarop ORCHID ID: He sactocoyerbcs



JoparkoBa iHdpopmamnist:

IloBHe HaﬁMeHyBaHHH lOpI/I,ILH'{HOi 0CO0M: KuiBchKuil HaljioHaIbHUI yHiBEpcuTeT imeHi Tapaca

[lleByeHka

Koz 3a €JIPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bonopumupcska, 6ya. 60, Kuis, 01033, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. TynbunHCcbKUM Bagyum I'puroposuy

2. Vadym H. Tulchynskyi

KBasidikamis: . d.-m. 1., crapmuii HaykoBuii criiBpo6itHUK, 01.05.03
InenTudikarop ORCHID ID: 0000-0002-0280-223X
JoparkoBa iHdpopmamnist:

IloBHEe HaliIMeHYBaHHS IOPUAHYHOI 0COOH: [HCTUTYT KibepHeTUKY imeni B. M. Iymkosa HanioHanbHOI

akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417176

Micue3HaxoaKeHHS: npocnekT Akanemika ['nymkosa, 6yg. 40, Kuis, 03187, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

CeKTop HayKH: AkaneMivHuit

PeuenseHTu

Bsacue IlpizBuuie Im's Ilo-6aThKOBI:
1. Crenenko IHHa BgyecsagiBHa

2. Inna V. Stetsenko

KBasigikamis: n. 1. 1., npodecop, 05.13.06
InenTudirkarop ORCHID ID: 0000-0002-4601-0058
JopaTrkoBa indpopmamnis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”
Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina



dopma BiracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. HoBoTapchkuiit Muxaino AHaTOiOBUY

2. Mykhailo A. Novotarskyi

KBasidikanis: n. 1. 1., crapmmii HaykoBuii criiBpo6iTHUK, 01.05.02

InenTudikarop ORCHID ID: 0000-0002-5653-8518

JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HanjoHnanbHuii TexHi4HMIA yHiBepcuTeT YKpainu "Kuischkuit

NOJIITeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro®

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrekT bepecreiicekuit, 6yx. 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

VIII. 3aKkJIr04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi

rOJIOBH pagu

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI

roJIOBYIOYOroO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

Yepros Osier PomaHoBuY

Yepros Osner PomanoBu4

[IIyapra Makcum Bonogymuposuy

VKpIHTEI

[Opuenko TersHa AHaTosiiBHA



