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Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIYEHA BUPIIEHHIO BAKJIMBOI Ta aKTyalbHOI HAYyKOBO-TIPMKJIAAHOI 3aa4i —
BLOCKOHAJIEHHS] PEUTPEICUHIOBOrO METOy abepOoMeTpii OKa IIJISIXOM 3aCTOCYBaHHS METO/IiB MAIIMHHOTO
HaBYaHHS, 30KpEMA IITYYHUX HEMPOHHUX MEPEX, 3a/J14 MiJBUIIEHHS 1Oro TOYHOCTI. [JucepTalliliHe JOCiIKeHHS
CKJIQIA€ThCS 31 BCTYIIy Ta IT'SITY PO3[iJiB, SIKi BilOOPa’kaloTh Ta OOIPYHTOBYIOTh OCHOBHI pe3yJbTaTu po6oTu. Y
BCTYIIi OGI'PYHTOBAHO aKTyaJIbHICTh AucepTaLifiHOi poOOTH, BUCBITJIEHO 3B'130K pOOOTH 3 HAYKOBUMHU IPOrpaMaMi,
mtaHamu ta reMamu HJIP KIII im. Irops Cikopcpkoro. [lepumii po3iist IPUCBSIYEHO PO3IJISAY PEUTPENCUHTIOBOTO

MeToJly abepoMeTpii oka JIIoANHY, OTO 0OMEesKeHb Ta Iepesar. Y Ipyromy po3fiijli OM1caHo po3po6Ky METOAY AJis



re”epauii opTarbMOJIOTYHAX A0€POMETPUYHNUX JAHUX Y BUIJIAI HAO60PiB KoedilieHTiB LlepHike i3 3acTocyBaHHSIM
reHepaTUBHO-3MarajabHOi HEMPOHHOI MepeXxi. TpeTiit po3zin MicTUTh B co6i onnc Mmopudikalii MeTomy
peiTpericuHroBoi abepomeTpii 1J1s1 0HOYaCHOrO CKaHyBaHHS JeKiJIbKOX TOYOK 3iHMLi MIJIIXOM OZHOYACHOTO
3aCBiYyBaHHA JEKIJIbKOX BUIIPOMIHIOBAYiB. Y Y4€TBEPTOMY PO3[iJli IPELCTABIEHO ONUC ONTUYHOI CUCTEMMU J1JIS1
pearisaii 3arrporoHOBaHoi HelipoMepexkHOi MogudiKalii pedTpeiiCMHIOBOIO METOLY, TPUKJIa/ IEPBUHHOI
00pOOKY JaHUX, CII0CI6 PO3PaxyHKY IIEPIIOTo HAGIVDKEHHS 1J1s1 BU3HaYeHHs abepaliiil 3a JoIIOMOTro0 HEIPOHHOI
MEPEXi, a TaKOXK OIIMC areHTy Ta CEPeOBMUILA HAaBYaHHS 3 IiAKPIIJIEHHSIM, IPU3HAYEHOTO 7151 yTOUHEHHSI
pe3ysbTaTib. [T'aTril po31ia MiCTUTb B CO6i ONKMC METO/Y Ha OCHOBI IITY4YHOI HEMPOHHOI MEPEXXi 17151 HAZIPO3AiIbHOI
3IaTHOCTI BUKPUBJIEHb XBUJILOBOTO PPOHTY. Y IHCePTaliiiHiil pobOTi OTpUMaHO HACTYIIHI HOBi HAYKOBi pe3ysbTaTu
nocaipxeHHs: 1) HabyB nonasipioro po3BUTKy PENTPENCUHTIOBUI MeTo, abepomeTpii oka 1uisixoM mopudikarii i3
3aCTOCYBAaHHSM HEMPOHHUX MEPEX Ha Pi3HUX eTanax QyHKLiOHYBaHHS METOAY: Neplie HAGIVDKEHHS BUBHAUYEHHS
XapaKTepUCTHUK abepauiil, yTOYHEHHSI pe3yJIbTaTy Ta OLjiHKa abepaliiii BUIMX NOPSAKIB. 3a OLiHKaMU B CUMYJISLL],
TOYHICTb IIPU BU3HA4YE€HHI fedOKyCy MifBUIeHO Ha 25% MOpPIBHSHO 3 icHylouuM abepoMeTpoM iTrace y BUIIaKy
BUKPUBJIEHb 300pa>XKEHHS Ha IeTEKTOPi He 6inbie Hixx 0.1 3a BincranHio XKakkapa. Takox 3arpornoHoBaHa
mopnudikalis 103BoJis€ 3HU3UTU BUMOTH [I0 ONITUYHOI cCTeMU, HeoOXinHoi g peanizauii npunany,
MPULIBUIMINATY NPOLIEC BUMIPIOBAHHS IIJISIXOM OJJHOYACHOTO CKaHYBAaHHS, a TAaKOX HAJA€ MOXKJIMBICTD
IIPOTHO3YBaTU 3HauY€HHs KoeilieHTiB llepHike BUCOKUX NOPSAKIB HA OCHOBI KoedilieHTiB abepaliii HIbKIMX
NopsAKiB (Mpy anpokcrumallii Koe@ilieHTiB 6 Ta 7 IOPAIKiB MOXMOKAa CTAaHOBUTD He bifblle 4% 3a METPUKOIO
SMAPE). 2) Ha6ys10 noaspIoro po3BUTKY reHepyBaHHS abepOMETPUYHUX JAHUX Y BUIJISIZII BEKTOPIB KoeillieHTiB
Lepnike. lle JOCArHYTO LIJISIXOM 3aCTOCYBaHHS pPO3p00JI€HOI B paMKax poOOTH reHepaTuBHO-3MarajbHoOI
HePOHHOI Mepexi. Po3pobyienuil MeTos NpUIaTHUM 10 CUHTEe3a JaHUX, 110 MAlOTh PO3IOLiJI, CXOXKUM 3
HaByYa4o010 BU6ipKo1o (Bizcrans Opemure nopisHioe 0.7), i SIKi 0IHOYACHO He € KOMi€lo peaJbHUX NPUMipHUKIB (92%
32 METPUKOIO TBOPYOCTI) Ta IPUMIPHUKU SIKUX € Pi3HOMAHITHUMMU (3Ha4€HHS BiJTIOBiIIHOI METPUKY JOPiBHIOE 3.64,
ONTUMAaJIbHUM € 3HayeHHs 3.83). 3) 3anponoHoBaHo MoAuQikallito peiTpelCUHIOBOTO METOLLy abepOMETpii 1J1s
OJJHOYACHOTO CKaHYBaHHS AEKiJIbKOX 3IHMYHMUX KOOPAMHAT i3 3aCTOCYBAaHHSIM MAaCHUBY JIa3€PHUX BUITPOMiHIOBAUiB.
PesynbpTaToM 3acTocyBaHHS Moaudikarlii € 3MeHIIeHHs TOBIpYOTro iHTepBasty, o O3UTUBHO BILJIMBAE Ha
MIPELM3ifHICTD: HAIPUKJIAL, IPU CKaHYBaHHI OAHOYACHO 16 3iHMYHMX KOOPAUHAT JAOBIpYNiA iHTEpBajl 3MEHIIYETHCS
B 4.4 pasu 17151 4acoBoro 6mKeTy abepomerpa iTrace. OTpMMaHO IPaKTUYHI pe3yabTaTy JOCiIKEHB: 1)
Po3pobseHa gocnigHa peanisaliis Mozesli Ipolecy BUMIPIOBaHb [1JIs 3alIpOIIOHOBAHOI HellpoMepexxHOoi Mopudikariii
peNTperCMHIOBOrO MeToay abepomeTpii oka B cepenoBulli Zemax. 2) Po3po6yieHa HelipoHHa Mepexka [1Jisl
BU3HaUeHHs KoedilieHTiB llepHike XxBUIbOBOrO (GPOHTY IO CUTHATYpaX CBITJIOBUX IIJIIM Ha (POTOLETEKTOPaX AJIs
HelpoMepexxHoi moaudikallii METOy pedTpeiicCMHIoBoi abepomeTpii. 3) Po3pobiiena nporpamMa-areHT HaBUYaHHS 3
nigkpinnennsm (metog Deep Q-Network) i1 yTouYHeHHS IEPLIOro HAGIMKEHHS IIPYU BU3HAYEHHi KoeillieHTiB
Lepnike. 4) Po3po6seHa reHepaTUBHO-3MarajbHa HeIpOHHA Mepeska [J1s1 reHepallii abepoMeTpUYHUX JaHUX. D)
Po3pob6seHa HelipoHHA Mepeska [J1s1 IPOrHO3yBaHHA KoedilieHTiB LlepHike BUIIMX MOPSIKIB HA OCHOBI 3HaY€Hb
KoedilieHTiB HIKIMX NOPSIKiB. 6) [nsg mogudikanii meTony i3 MacMBOM J1a3epHUX BUIIPOMiHIOBaYiB pO3p0O6IEHO
xiacudikauiiHy HePOHHY MEPEeXy [1J1s BCTAHOBJIEHHS BiZ[IIOBiIHOCTEN MiXX IPOMEHSIMU CKaHYyBaHHS Ta
BiIOMTKaMU Ha CiTKiBLj. 7) Pe3ynbTraTty gucepTaliflHUX NOCHiIKeHb BUKOPUCTaHI sIK MaTepiaiu Npu MiroToBLi Ta
BUKJIQJIaHHI KyPCy JIEKLiMHUX i IPAaKTUYHUX 3aHSTh (KOMITIOTEPHOTO MIPAKTUKYMY) 3 AUCLUILIIHU “OCHOBU
HEMPOMEPESKHUX TEXHOJIOTII Ta BUKJIAJAHHI KyPCY JIEKLIHUX i 1a60paTOPHUX 3aHATh 3 IUCLUIIIIHY “CUCTEeMU
KOMITIOTEPHOTO0 30py” APYroro (MaricTepchbKoro) piBHs BULOi OCBiTH crienjianbHOCTI 172 «EnekTpoHHI KomyHikarii Ta
pagnioTexHika» oCBiTHbO-TIpodeciiiHoi mporpamu «IHdopmaliiHO-06YNCII0BaJIbHI 3aC00U PafiioeIeKTPOHHUX
CHCTEM», IO 3aCBiYEHO BiANOBIIHUM aKTOM.

2. The dissertation is dedicated to addressing a significant and timely scientific-applied problem—enhancing the
ray-tracing aberrometry method for the human eye by incorporating machine learning techniques, particularly
artificial neural networks, to improve its accuracy. The dissertation consists of an introduction and five chapters
that present and substantiate the key findings of the research. The introduction outlines the relevance of the
dissertation, its connection to scientific programs, plans, and research topics at Igor Sikorsky Kyiv Polytechnic



Institute. Chapter 1 examines the ray-tracing aberrometry method for the human eye, discussing its limitations
and advantages. Chapter 2 describes the development of a method for generating ophthalmic aberrometric data as
Zernike coefficient sets using a generative adversarial neural network. Chapter 3 details the modification of the
ray-tracing aberrometry method to enable simultaneous scanning of multiple pupil points through multi-emitter
illumination. Chapter 4 presents the optical system designed to implement the proposed neural network-based
modification of the ray-tracing method, including data preprocessing, a first-approximation approach to
aberration determination via neural networks, and a reinforcement learning agent and training environment for
refining results. Chapter 5 introduces a neural network-based approach for super-resolution estimation of
wavefront distortions. The dissertation yields the following novel scientific results: 1) The ray-tracing aberrometry
method has been further developed through modifications incorporating neural networks at various operational
stages: initial approximation of aberration characteristics, result refinement, and higher-order aberration
estimation. Simulations indicate a 25% improvement in defocus accuracy compared to the iTrace aberrometer
when image distortions on the detector do not exceed 0.1 in Jaccard distance. The proposed modification also
reduces the optical system requirements, accelerates measurement by enabling simultaneous scanning, and allows
prediction of higher-order Zernike coefficients based on lower-order aberration coefficients (with a 4% error for
6th- and 7th-order coefficients using SMAPE metric). 2) The generation of aberrometric data as Zernike coefficient
vectors has been further refined through the developed generative adversarial neural network. The method is
capable of synthesizing data distributions similar to the training set (Frechet distance of 0.7) while ensuring
uniqueness (92% creativity metric) and diversity (metric value of 3.64, with an optimal value of 3.83). 3) A
modification of the ray-tracing aberrometry method has been proposed for simultaneous scanning of multiple
pupil coordinates using an array of laser emitters. This modification reduces confidence intervals, improving
precision—for instance, scanning 16 pupil coordinates simultaneously decreases the confidence interval by a factor
of 4.4 under the time budget constraints of the iTrace aberrometer. The dissertation also provides practical
research outcomes: 1) An experimental implementation of the measurement model for the proposed neural-
network-based ray-tracing aberrometry modification in Zemax. 2) A neural network designed to determine
wavefront Zernike coefficients from light spot signatures on photodetectors for the ray-tracing aberrometry
method. 3) A reinforcement learning agent (Deep Q-Network) for refining the first approximation in Zernike
coefficient determination. 4) A generative adversarial neural network for generating aberrometric data. 5) A neural
network for predicting higher-order Zernike coefficients based on lower-order coefficient values. 6) A
classification neural network for the laser emitter array modification, enabling correspondence between scanning
beams and retinal imprints. 7) The findings have been incorporated into the development and delivery of lecture
courses and practical sessions (computer workshops) for the subject “Fundamentals of Neural Network
Technologies” and lecture and laboratory courses on “Computer Vision Systems” at the second (master’s) level of
higher education in the specialty 172 “Electronic Communications and Radio Engineering” within the educational-
professional program “Information-Computational Means of Radioelectronic Systems,” as documented by an
official act.
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VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI Yux Irop I'enpixoBud
rOJIOBH pagu

Bnacue IlpizBuie Im's [10-6aTbKOBI nx Irop 'enpixoBuy

rOJIOBYIOYOTO Ha 3aCifiaHHi

BigmoBizaabHUI 3a ni,uI‘OTOBKy SApowmeHko Makcum OsiekcaHIpoOBUY

00JIIKOBHX JJOKYMEHTIB

Peectparop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
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