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Pedepar:

1. Lls nucepranist npucBg4YeHa NOrandaeHoMY JOCHiIPKEHHIO PO3POOKU Ta BIIPOBAKEHHS AJITOPUTMIB
CaMOHaBYaHHS, IO SBJIFI0TbCS YACTMHOIO TEXHIK HEKOHTPOJIbOBAHOTO HaBYaHHS, sIKi QYHKLIOHYIOTh 6€3 oTpedu B
MapKOBaHMX JaHuX. i anroputmMu ocobMBO BIPaBHi y ONEpeJHbOMY HaBYaHHI MOZeJieil HEKOHTPOJIbOBAaHUM
CIIOCOOOM, a OTPUMaHi MOJieJli TOKA3YIOTh PE3yJIbTaTUBHICTD, TOPIBHSHHY 3 iX KOHTPOJIbOBAHMMHU aHAJIOTAMU Yy
IIMPOKOMY CIIEKTPi 3aCTOCyBaHb. lleit MeTon 0CO6IMBO KOPUCHUA, OCKIIBKY BiH Ma€ Ha MeTi 3BMEHIIUTH 3aJIeKHICTh
BiJl OGIIMPHOr0 MapKyBaHH JAaHUX, XaPaKTEPHOTrO [J1s TApaJUrM IJIM60KOro HaBYaHHS, TUM CaMUM MiABULLYIOYN
e(EeKTUBHICTb i IPaKTUYHE 3aCTOCYBAHHS B Pi3HUX CLIEHAPisSIX PEAJIbHOIO CBIiTy. BaxknuBiCTh aropuTmis
CcaMOHaBYaHHS 0COOJIMBO MifIKpecyeHa B 06J1acTi aHami3y MeJuIHUX 300paxkeHb. Y 1iil crienianizoBaHiit 06J1acTi

BMMOTH [I0 aHOTYBaHHS JaHUX € He JIMIIE TPYLOMiCTKMMHU, ajie 1 MOTPe6yI0Th BUCOKOi TOYHOCT] 4epe3 KpUTUYHY



IPUPOJy BUKOPUCTOBYBAHUX AaHUX. CKIIQAHICTh OTPMMAaHHS TOYHUX aHOTALN IIOCUIOETBCS Yepe3 AeiluT
CIIeLiasicTiB, 3laTHUX iX 3a6e3MeYnTy, 110 B CBOIO YEPTy IiAKpecsoe TpaHCHOPMYIOUNI IOTEHIial MiAX0niB
caMOHaBYaHH4 B Liit cdepi. Y 1iit qucepTauii npeacTaBieHO HOBITHIO METOIOJIOTiI0 CAMOHAaBYaHHS, 1110
BUKOpHUCTOBYe Mixup Feature sik MeTy peKOHCTPyKLii y mexax pretext task. Lle pretext task 3acHoBaHe Ha
YKJIaJIeHHi Bi3yaJIbHUX NPe/ICTaBJIEHb YePe3 IPOrHo3yBaHHs Mixup Feature i3 MacKoBaHOTO 300paXkeHHH,
BHMKOPHCTOBYIOUM 11i KAPTU OCOOJINBOCTEH 117151 BUJTy4€HHS BUCOKOPiBHEBOI ceMaHTUYHOi iHdopmauii. [Juceprariis
IeTaslbHO po3rianae posb Mixup Feature K IpOrHOCTAYHOI LIiJli Y CTPYKTypax camOHaB4YaHHs. Lle mocigKeHHs
BKJIIOYAJIO I€TaJIbHY KaliGpOBKY rirneprnapameTpa O, 1o € BaKJIMBOIO A1 PyHKUioHyBaHHS Mixup Feature. Lli
HaJIAIITYBaHHS J103BOJIUJIM CTBOPUTU KOMOIHOBaHI KapTy OCOGIMBOCTEH, 110 OXOIUIIOIOTh KapTH [leTeK1ii KpaiB
Sobel, ricrorpamu opienToBaHux rpagieHTiB (HOG) Ta KapTH JIoKanbHUX OiHapHUX mabsoHiB (LBP), 3a6e3neuyioun
6aratorpaHHe IpeJCTaBlIeHHs Bi3yasbHUX AaHUX. Po3pobseHo monesb denoising self-distillation Masked
Autoencoder 1y camoHaB4YaHHS. LI Mozienb oenHye enemMeHTH 3 Mepex Siamese Networks ta Masked
Autoencoders, BTiI0I0YM TPbOXYACTHHHY apXiTEKTypy, 10 BKio4yae student network y ¢popmi MmackoBaHOTO
aBTOKOZEPa, MIPOMDKHUII regressor Ta teacher network. OCHOBHUM NPOKCi-3aBAAHHSM 1ii€l MOJeJIi € BiTHOBJIEHHS
BXiZTHUX 300paskeHb, SIKi 6y ITyYHO CIIOTBOPEHI BUMIAAKOBUMU IJIIMAMM rayCCiBCbKOTO myMmy. [y 3a6e3neyeHHs
BCeOiYHOro HaBYaHHS MOJeJIb 3aCTOCOBY€E MeXaHi3M ofBiliHoi PpyHKLil BTpaTty. OfgHa QyHKIIiS HajamToBaHa Ha
3MilJHEHHS [7100aJIbHOTO KOHTEKCTYaJIbHOTO PO3YMiHHS 300pakeHHs, 110 [103BOJISIE MOJIEJli OCSITHYTHU 3arajbHy
CTPYKTYypY Ta KOHirypauito cueHu. OfHO4acHO Apyra (QyHKI s HalliieHa Ha yIOCKOHAJIEHHS! CIIPUMHSITTS
CKJIa[IHUX JIOKAJIbHUX JEeTajlel, FapaHTy04y, 10 TOHKI Bi3yaslbHi HIOAHCU HE BTPAYalOTLCA Mif] 4ac gewmymisanii Ta
PEKOHCTPYKUii. 3aBsKYU 1IbOMY iHHOBALiHWI MiAXiN, MOJIeJIb IIParHe JOCSITHYTU JieliKaTHOTo 6ajaHCcy MK
MaKpPOCKOIIIYHUM CIPUMHSTTSM Bi3yaJIbHUX CLIE€H Ta JE€TaJbHOI0 PEKOHCTPYKLi€IO JIOKali30BaHUX AETaleH,
6asaHcy, IKUH Bifirpae BUpilanbHy poJib 115 CKIaAHUX 3aBIaHb aHaJi3y 300pa>KEHb B paMKaX CUCTEM
CaMOHaBYaHH4. Y LIbOMY JOCJiIPKeHHi 6yJI0 TPOBEeeHO IeTaJlbHUM aHasli3 JBOX iHHOBaLliMHUX ajJrOPUTMIB
CaMOHaBYaHHS Ha Takux pedepeHcHUX Habopax gaHux, sk Cifar-10, Cifar-100 i STL-10, 3 mopiBHSHHSM iX 3
nepesoBMMU METOJAMU MOJIEJIIOBaHHSI MaCKOBaHUX 300pakeHb. 3MilaHi kaptu xapaktepuctuk HOG-Sobel,
3acTocoBaHi B Mixup, nepesepumuin iHmi HaiicydacHimi metogu Ha Cifar-10 ta STL-10, seMOHCTpyIOUU cepenHe
3pocTtanHs edpekTuBHOCTI Ha 0.4% mics full fine-tuning. lonaTkoBo, rIMbOKUI MackoBaHuit aBToeHKogep (DMAE)
BUSBUBCA ePekTuBHIMM Ha 0.1% Bif cTaHZapTHOrO MackoBaHoro aproeHkogepa (MAE) na STL-10, akueHTy04M Ha
noteHniani DMAE y nokpaiieHHi TOUHOCTI Mofiei. JlocaiiykKeHHs TaKOX BUSIBUIIO, 1110 MeTof, Mixup Feature 6yB
eQeKTUBHIINM, HDK TpaAuLiiHi cTpaTerii Ha OCHOBI KOHTPACTHOIO HaBYaHHS, 3a0e3I1eYyl0uy KOPOTIIi Yacu
HaBYaHHS i BIGMOBY Bifl NOTpeby y CTaHAAPTHOMY 30i/IbLIIEHH] JaHUX, TUM CAaMUM CIIPOILYIOUYM NpolieCc HaByaHH4. i
BMCHOBKH IiJKPECJIIOI0Th NIOTEHIiaJl UX aJTOPUTMIB CAMOHABYAHHS [JIs1 IMPIINUX 3aCTOCYBaHb Y CKIaJHUX
Habopax gaHuX. 3aCTOCYBaHHS X aJITOPUTMIB CAaMOHAaBYaHHS OyJI0 PO3IIKPEHE 32 LOMIOMOTOIO IT0IIePEeIHBOIO
HaBYaHHS Ha CIeliaJbHO MiITOTOBJIEHUX HabOpax MeIUIHUX 300paXkeHb, 1[0 MPU3BEJIO 10 iX e(PEeKTUBHOTO
BMKOPHUCTaHHS y HACTYIIHUX 3a7a4ax. lle nocikeHHs JeMOHCTPYeE, 1110 CAMOHAaBYaHHsI [IepeBUIIye 6e3nocepeHi
METOJI HaBYaHHS, [TI0Ka3yI04M [10HaT, 5% 3pOCTaHHS TOYHOCTI MiCJIsl IOBHOTO IETAJIbHOTO HAJIAIITYBaHHS Ha JBOX
Habopax gaHux. Kpim Toro, BOHO po3risiae npobaemMy He30aIaHCOBAaHOCTI JaHUX Y MEJUIHOMY 300pasKeHHi,
IOCJIIKYI0UU CTiIMKiCTh CAMOHAaBYEHUX MOJesiell 0 He30al1aHCOBaHUX HAabO0PiB JaHUX, MiKPECII0I04H iX 3Ha4eHHS

SK Yy HaBYaHHI MOZEJIEN, TaK i B EKCTPaKLii O3HaK.

2. This Dissertation focuses on in-depth exploration into the design and development of self-supervised learning
algorithms, which are a subset of unsupervised learning techniques that operate without the need for labeled
datasets. These algorithms are particularly adept at pre-training models in an unsupervised manner, with the
resultant models demonstrating performance on par with their supervised counterparts across a range of
downstream applications. This method is particularly advantageous as it aims to mitigate the over-dependence on
extensive data labeling that is typical within deep learning paradigms, thereby enhancing efficiency and practical
utility in diverse real-world scenarios. The pertinence of self-supervised learning algorithms is especially
highlighted within the realm of medical image analysis. In this specialized field, the requisites for data annotation
are not only laborious but also require a high degree of precision due to the critical nature of the data involved.



The difficulty of obtaining accurate annotations is compounded by the scarcity of specialists capable of providing
them, which in turn underscores the transformative potential of self-supervised learning approaches within this
domain. In this dissertation, a cutting-edge self-supervised learning methodology is delineated, which employs the
Mixup Feature as the reconstruction target within the pretext task. This pretext task is fundamentally designed to
encapsulate visual representations by the prediction of Mixup features from masked image, utilizing these feature
maps to extracting high-level semantic information. The dissertation delves into the validation of the Mixup
Feature's role as a predictive target in self-supervised learning frameworks. This investigation involved the
meticulous calibration of the hyperparameter o, integral to the Mixup Feature operation. Such adjustments allowed
for the generation of amalgamated feature maps that encompass Sobel edge detection maps, Histogram of
Oriented Gradients (HOG) maps, and Local Binary Pattern (LBP) maps, providing a rich, multifaceted
representation of visual data. A denoising self-distillation Masked Autoencoder model for self-supervised learning
was developed. This model synthesizes elements from Siamese Networks and Masked Autoencoders, incorporating
a tripartite architecture that includes a student network in the form of a masked autoencoder, an intermediary
regressor, and a teacher network. The underlying proxy task for this model is the restoration of input images that
have been artificially corrupted with random Gaussian noise patches. To ensure comprehensive learning, the
model harnesses a dual loss function mechanism. One function is calibrated to reinforce the global contextual
understanding of the image, thereby enabling the model to grasp the overall structure and scene configuration.
Concurrently, the second function is tailored to refine the perception of intricate local details, ensuring that fine
visual nuances are not lost in the process of denoising and reconstruction. Through this innovative approach, the
model aspires to achieve a delicate balance between the macroscopic comprehension of visual scenes and the
meticulous reconstruction of localized details, a balance that is pivotal for sophisticated image analysis tasks in
self-supervised learning frameworks. This study conducted a comprehensive analysis of two novel self-supervised
learning algorithms on benchmark datasets Cifar-10, Cifar-100, and STL-10, benchmarking them against advanced
techniques in Masked Image Modeling. The mixed HOG-Sobel feature maps, utilized in Mixup, outperformed other
state-of-the-art methods on Cifar-10 and STL-10 with a 0.4% average improvement after full fine-tuning.
Additionally, the Deep Masked Autoencoder (DMAE) surpassed the conventional Masked Autoencoder (MAE) by
0.1% on STL-10, highlighting DMAE's potential in enhancing model accuracy. The study also found that the Mixup
Feature method was more efficient than traditional contrastive learning-based strategies, offering shorter training
times and eliminating the need for standard data augmentation, thus simplifying the learning process. These
findings underscore the potential of these self-supervised learning algorithms for broader applications in complex
datasets. The application of these self-supervised learning algorithms has been extended through pre-training on
specially curated medical image datasets, leading to their effective use in downstream tasks. This study
demonstrates that self-supervised pre-training outperforms direct training methods, showing over 5% increase in
accuracy upon full fine-tuning on two datasets. Additionally, it addresses the challenge of data imbalance in
medical imaging by investigating the robustness of self-supervised pre-trained models against imbalanced
datasets, highlighting their significance in both model training and feature extraction.
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