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Pedepar:

1. Inceprauiiina po60oTa IpucBsYeHa po3pooLi Ta YIOCKOHAIEHHIO HEMPOHHUX MEPEX IJ1s1 CEMaHTUYHO]
cermMeHrallii 306paxkeHs, o 6a3y0ThCsl Ha apxiTeKkTypi U-Net, Ta 103B0oJIsie TOKPAIUTH PE3YJIbTATH Ta METPUKHU
nepenbdayeHb, y NOPiBHAHHI 3 6a30BOI0 apXiTEKTYypOI0. AHai3 300pa’keHb Y KOHTEKCTi CEMaHTUYHOI CETMEHTAllii €
OJHI€I0 3 aKTyaJIbHUX 337134, 110 IIUPOKO BUKOPUCTOBYIOThCS Y Pi3HUX Tajy3sx, TAaKUX SIK aHaJIi3 Ta IialrHOCTHKA
MeJgUuYHUX 300paskeHb, aBBTOHOMHI aBTOMOGii, To1o. [TokpaleHHs: METO/IiB CEMaHTUYHOI CerMeHTallii J03BOJIsIE

Kpallle BUSBJISITY NIATOJIOTII y JII0CbKOMY OPraHi3Mi, a JJjIs1 CUCTEM YIIPaBJliHHS aBTOMOOLJIEM — Kpallle pO3yMiTH



HAaBKOJIMIIHE CEPELOBUILA TA Kpallle pearyBaTy Ha BUHMKHEHHS HEO0Ee3NeUHNX CUTYaLlill y IIPOLECi TOPOKHbBOTO
pyxy. Came TOMy Ba’kKJIMBO IIOCTIlfHO yAOCKOHAIIOBATU yKe HasiBHI MeTonu. Tema IucepTauiiiHoi po60TH BXOOUThH B
II7IaH HayKOBOi po60TU 3aTBEPIKEHOMY Ha Kadenpi oouncitoBanbHoi TexHiku KIII iM. Iropst CikopcebKoro, o
BpaxoBye po3nopspkeHHs Kabinety MinicTpiB Ykpainu Bif 2 rpygHs 2020 p. N2 1556-p ripo cxBasieHHs: Konyenii
PO3BUTKY LITYYHOTO iHTEJIEKTY B YKpaiHi. MeToo aucepTatii 6ys10 NOKpaleHHs iCHyI0ounX 3aco6iB aHami3y
300pa’keHb B KOHTEKCTI 3aJlay cerMmeHTallii 300pakeHs, 1110 AO3BOJISITh OTPUMYBATHU Oijblll TOYHI pe3yabTaTu. s
IOCSITHEHH4 Liiei MeTH, 6yJIO IIOCTAaBJIEHO Ta BUPILIEHO HACTYIIHI 3aBHaHHs: - [IpoBeieHO OrJIsf, Ta OIIMCAHO
0COOGJIMBOCTI OCHOBHUX apXiTEKTyp HEMPOHHUX MEPEX 151 aHaJi3y 300pakeHb B KOHTEKCTI 3a71a4 Kiacudikariii ta
cermMeHralii; - Y geTasnsix po3risHyTo ciMeiicTBO HellpoHHUX Mepex U-Net; - 3arporoHOBaHO Ta OGIPYHTOBAHO
meTtonu mopudikauii apxitekTyp U-Net 3 BUKOPHUCTaHHSIM CIIOCO0Y Mifoopy KoedillieHTa po3MKUPEHHS Ta CII0Co0y
IJIMOVHHUX PO3IibHUX MTPOMIXKHUX 3B'SI3KiB. - [[pOBeIeHO BEJIMKY KiJIbKiCTh €KCIIEPUMEHTIB Ha pi3HUX HAbopax
IAaHUX, 3 BAKOPUCTAaHHAM Pi3HUX MiIXO[iB Ta 3alIPONIOHOBAHUX HOBOBBENEHD i K-KpaTHOI nepexpecHoi repeBipKu
IJ1s MigTBEPIKEHHS SKICHUX ITOKPAIlleHb Pe3yJbTaTiB. - [I[poBeieHO BUMipy BIUIMBY 3alIPOIIOHOBAHOTO METOLY
mopu@ikauii HeiipoHHOI Mepexi U-Net Ha MeTpuKM WBUAKOAIL Ta MaM’sITi 3alPOIIOHOBAHO CIIOCI6 NMindopy
KoedilienTy posmupeHHs apxitekrypu U-Net, 110 103BOJIS€E PETYJII0BaTH IMMOMHY HEMPOHHOI Mepexi Ta
30ibLIEHHS (Y1 3MEHIIEeHHs) KiJIbKOCTi TapaMeTpiB 4aHOi apXiTeKTypH. 3aBIsKy LIbOMY 3'SIBUJIACS MOXKJINBICTD
ONTUMI3yBaTU PO3Mip HEMPOHHOI MEPEXi, Ta OTPUMATU PE3YJIbTaTH, CIIIBCTABHI 3 pe3yJbTaTaMU 6a30BOi
apxiTeKTypu, IpU 2.5 MEHIIi} KiJIbKOCTi IapaMeTPiB HeMPOHHOI Mepexi. Takox 6yJ10 3alIpONIOHOBAHO CIIOCiO
IJIMOVMHHUX PO3IibHUX MPOMDKHUX 3B'3KiB apxiTekTypu U-Net, 1m0 6a3yeTbcsl HA OCHOBI ITIMOMHHUX PO3IibHUX
3rOPTKOBUX LIapiB. [JaHa Moaudikallist 03B0OJMIa IOKPALIUTY TOYHICTh CEerMeHTallii Ipy He3HaYHOMY 30iJIbIIeHHi
KiJIbKOCTi MapameTpiB. Pazom 3 nuM, 1i Mmopudgikalii [03BOJISIOTh TAKOX [TOKPALYBaTH PE3YJIbTAaTH He Juile 6a30BOi
HabopiB JaHuX, 6yJI0 BUSIBJIEHO IIJOHANIMEHIIIE OJIMH 3 BapiaHTiB MOIYJIiB IMIMOMHHUX PO3IiIbHUX IIPOMIKHUX
3B'SI3KiB, 110 JO3BOJIMB IIOKPALIUTY TOYHICTb cermeHTalii Bif 1% 1o 5%. Y geskux BUnaaKax faHe [OKpalleHHs 0yy10
IOCSITHYTE 32 PaXYHOK 301/IbII€HHS apXiTeKTypH Jialle Ha 1%, o niATBepaXye SIKiCHI BJIaCTMBOCTI JaHMX 3MiH. Ha
OCHOBI 3aIIPOIIOHOBAHUX CII0CO6iB, 6y710 po3pobieHo meTon Moaudikanii HelipoHHUX Mepexx U-Net njis 3anmadq
cermeHrallii 306pakeHb, 3 BUKOPUCTaHHSIM MOBU NporpamyBaHHs Python Ta 6i6siorexu Tensorflow ms
€KCIIEPMMEHTAJIBHOTO IiATBEPKEHHS IOLIBHOCTI AaHuX Mopudikaliil. EkcnepumeHnTy 6ys10 IPOBEAEHO Y PiBHUX
IOMEHAX 3HaHb, TAKUX SIK aHAJIi3 MEIUYHUX 300PKEHb, a TAKOXK aHaJi3 MiCBKOTO cepefoBuia. Takox,
3aIPOIIOHOBAHI Mifxoau OyJiu repeBipeHi sIK Ha IBOBUMIPHUX 300pasKeHHSIX, TaK i TPUBUMIpPHUX 00’eMax, 110
HiATBEPAXYy€e MPAaKTUYHICTbh 3aCTOCYBAHHS 3alIPOIIOHOBAHUX Y POOOTI clIOCO6iB MonudiKkalii HEIPOHHUX MEPEX.
JI7151 eKCTIEPUMMEHTIB BUKOPUCTOBYBAIMCS BiloMi Habopu faHux, Taki sk UWGIT, BraTs, CityScapes, Synapse. byso
TaKOX IIPOJEMOHCTPOBAHO, 110 3aIIPONIOHOBaHI MoaudiKkallii 103BOJISIOTh LOCITHYTY, A B AESKUX BUNAKAX,
[IepeBEePIINTH TOYHICTb JeSIKUX BiIOMUX Ta IIMPOKOBXUBAHUX apXiTeKTyp HeHpOHHUX Mepesx. OKpiMm Toro, 6ysio
IIPOBEEHO aHaJli3 MBUAKOII Ta BUKOPHUCTAHHS TaM'sSITi [J1s1 3alIpOIIOHOBaHUX MoJnQiKalill HEHPOHHUX MEPEX.
ByJ10 BCTaHOBJIEHO, 1O IJIUOLI MEePEXi, IKi BUKOPUCTOBYIOTD MifXill 3 KOe)illieHTOM PO3MNUPEHHS, MOXYTb
[IpaloBaTy WBHUIE, aHiK 6a30Ba apXiTeKTypa, py IPUOJIN3HO OJHAKOBIM TOYHOCTI cermeHTallii. Po3pobienuit
METOJ], Ma€ BeJIMKe [IPaKTUYHe 3HaU€HHs Ta IIMPOKeE I0JIe [ 3aCTOCYBaHHS Yy Tajy3i aHasizy 300pakeHs, 110 6yJ10

€KCIIEPMMEHTAJIBHO MiATBEPIKEHO Y XO[i NOCIIiI)KEHb.

2. This work is dedicated to the development and improvement of the neural networks in a context of semantic
segmentation, based on U-Net architecture, which allows for improved overall evaluation and performance
metrics, compared to the baseline U-Net model. The topic of the dissertation was agreed upon by the Department
of Computer Engineering of the National Technical University of Ukraine “Ihor Sikorskiy Kyiv Polytechnic
Institute”, in accordance with Cabinet of Ministers Order N21556-p on the concept of development of Artificial
Intelligence in Ukraine. The goal of the dissertation was an improvement of existing semantic image segmentation
methods, that allow to improve results and effectiveness of neural networks. To achieve the stated goal, the next
tasks and problems were solved: - Existing semantic image segmentation methods and neural network
architectures. - The family of U-Net neural network architectures was studied in detail. - As part of the proposed



method, expansion rate variation and depthwise separable skip connections were proposed as modifications to the
baseline U-Net architecture. - Many experiments were conducted on different datasets, using different
approaches and proposed novel improvements. To confirm the quality nature of the change, K-fold cross-
validation was performed; - The benchmark was conducted for the proposed improvements and modifications to
get inference time and memory usage metrics. The proposed expansion rate variation method allows the
developer to regulate the number of parameters for the U-Net network, enabling deeper networks with fewer
parameters. Using this approach, it is possible to optimize the size and the performance of the model and get the
same evaluation results as a baseline model, with 2.5 fewer parameters. Another proposal is using Depthwise
Separable Skip Connections, based on Depthwise Separable Convolutions. This modification allowed to improve
the results of the model with a relatively small size increase for a model. It is also possible to improve other U-Net-
like models, as demonstrated in the Attention-UNet model. For different datasets, at least one of the suggested
modifications managed to improve a result of the baseline model, with this improvement measured between 1-5%.
It was also shown on the K-fold cross-validation, that these modifications could steadily outperform the baseline
model. In some cases, this improvement was achieved by a model with just a 1% increase in a number of
parameters, which proves this is a quality improvement. Utilizing the proposed modifications, a method for image
segmentation using modified U-Net architectures was developed with Python programming language and
TensorFlow library, to prove the feasibility of these modifications. Experiments were conducted in different
knowledge domains, such as Computer Assisted Diagnostics and road environment analysis. Also, these methods
were used for analyzing both 2-dimensional images and 3-dimensional volumes, which proves the practicality of
using these methods. For the experiments, well-known state-of-the-art datasets were used, such as the University
of Wisconsin Gastrointestinal (UWGIT), Cityscapes, Synapse, and Brain Tumor Segmentation (BraTS). It was also
demonstrated that the proposed methods may match, and sometimes outperform some of the State-Of-The-Art
models, aside from baseline U-Net. Besides that, some performance and productivity metrics were measured for
the proposed network architectures. It was noted, that deeper networks with an expansion rate approach may
have better inference times than a baseline model and match its quality. The suggested methods have a big
practical value and a wide range of applications in the field of image analysis, which was proven during the
conducted experiments.
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