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1. Inceprarniiina po60oTa IpuCBIYeHa po3po0Lii Ta yIOCKOHAJIEHHIO HEMPOHHUX MEPEX IJIs1 CEMaHTUYHO]
cermMeHrallii 306pakeHs, 10 6a3y0Tbcs Ha apxiTekTypi U-Net, Ta 103B0JIsi€ TOKPAIUMTY Pe3yIbTaTy Ta METPUKHU
nepenoayeHb, y IOPiBHSIHHI 3 6a30BOI0 apXiTEKTYpOI0. AHaJIi3 300pakeHb Y KOHTEKCTi CEMaHTUYHOI cermeHTallii €
OJHI€I0 3 aKTyaJIbHUX 337a4, 1110 IIUPOKO BUKOPUCTOBYIOTHCS Y Pi3HUX Trasy3sx, TAaKUX SIK aHaJli3 Ta iarHOCTHKA
MeJguYHUX 306paskeHb, aBBTOHOMHI aBTOMOGii, Tomo. [ToKpaleHHsT METO/iB CEMAaHTUYHOI CErMeHTallii JO3BOJIsIE
Kpallle BUSIBJISITY NIATOJIOTI] y JII0JCbKOMY OPraHi3Mi, a JJj1s1 CUCTEM YIIpaBJliHHS aBTOMOOIIEM — Kpallle po3yMiTu
HaBKOJIMIIHE CEPELOBUILA TA Kpallle pearyBaTy Ha BUHMKHEHHSI HEOEe3NIeUYHNX CUTYallill y IPOoLeCi JOPOKHbOTO
pyxy. Came TOMY BaKJIMBO IIOCTIHO yJOCKOHAJIIOBATH yKe HasiBHI MeToau. Tema qucepraniitHoi po60TH BXOJUTD B

IIJIaH HayKOBOi po60TH 3aTBEpIKeHOMY Ha Kadenpi oouncioBanbHOi TexHiku KIII im. Iropst Cikopebkoro, 1o



BpaxoBye po3nopsmkeHHs Kabinety MinicTpiB Ykpainu Bif 2 rpygus 2020 p. N2 1556-p npo cxBasieHHs: Konyenii
PO3BUTKY LITYYHOTO iHTEJIeKTy B YKpaiHi. MeToto nucepTaii 6yJo okpalieHHs iCHyl04nx 3ac0o6iB aHai3y
300pa’keHb B KOHTEKCTI 3aJla4 CerMeHTallii 300pakeHs, 110 AO3BOJISITh OTPUMYBATHU OibIll TOYHI pe3yabTaTu. s
IOCSITHEHH4 Liiei MeTH, 0yJIO IIOCTABJIEHO Ta BUPILIEHO HACTYIIHI 3aBHaHHs: - [IpoBeieHO OrJIsif, Ta OIIMCAHO
0CO0JINBOCTI OCHOBHHUX apXiTeKTyp HEIPOHHUX MePeX JJ1s1 aHajli3y 306paskeHb B KOHTEKCTI 3a/1a4 Kiacugikauii ta
cermMeHrallii; - Y geTasnsix po3rjsHyTo ciMeiicTBo HellpoHHUX Mepexx U-Net; - 3aporoHOBaHO Ta OGIPYHTOBAHO
MmeTtonu Mmopudikauii apxitekTyp U-Net 3 BUKOPUCTaHHSM CIIOCOOY Nifoopy KoedillieHTa po3MUPEHHS Ta CII0CO0y
IJIMOVMHHUX PO3IibHUX MPOMIXKHUX 3B'sI3KiB. - [[pOBeeHO BEJIMKY KiJIbKiCTh €KCIIEPUMEHTIB Ha Pi3HUX HAbopax
IlaHUX, 3 BAKOPUCTAHHIM Pi3HUX MiAXOiB Ta 3aIPONIOHOBAHMX HOBOBBEIEHb i K-KpaTHOi repexpecHoi nepesipKu
171 MigTBEPIKEHHS SKICHUX ITOKPAIleHb Pe3yJbTaTiB. - [I[poBeieHO BUMipH BIUIMBY 3alIPOIIOHOBAHOTO METOLY
moaudikanii HeitpoHHOI Mepexxi U-Net Ha MeTpuKHY IBUAKOLI] Ta mam’siTi 3alIpONIOHOBAHO CIIOCi6 Migdopy
KoedinienTy posmupeHHs apxitekrypu U-Net, 110 103BOJISE€ PEryI0BaTH IIIMOMHY HEMPOHHOI Mepexi Ta
30i/1bLIIEHHS (Y1 3MEHIIEeHHs) KiJIbKOCTi NapaMeTpiB AaHOi apXiTeKTypu. 3aBIsKy LIbOMY 3'SIBUJIACsl MOXKJINBICTD
ONTUMI3yBaTU PO3Mip HEMPOHHOI MEPEXI, Ta OTPUMATU PE3YJIbTATH, CIIIBCTABHI 3 pe3yJbTaTaMU 6a30BOi
apxiTeKkTypu, 1pu 2.5 MeHMIIH KiJIbKOCTi NapaMeTpiB HepOHHOI Mepexi. Takoxk 6yJ10 3aIIPOIIOHOBAHO CIIOCI6
IJIMOVMHHUX PO3MiIbHUX IPOMDKHUX 3B513KiB apxiTekTypu U-Net, 110 6a3yeTbCsl HA OCHOBI ITIMOMHHUX PO3MAiIBHAX
3rOPTKOBUX LIapiB. [JaHa Moaudikallist 03B0JMIa IOKPALIUTY TOYHICTh CErMeHTallii Ipy He3HAYHOMY 30iJIbIlIeHHi
KiJIbKOCTi MapameTpiB. Pa3om 3 nuM, 1i Mmogudgikaii [03BOJISIOTh TAKOX [IOKPALYBAaTH PE3YJIbTATU HE JMile 6a30BOi
HabopiB JaHuX, OyJI0 BUSIBJIEHO LJOHAIMEHIIEe OJIMH 3 BapiaHTiB MOJYJIiB ITIMOMHHUX PO3IiIbHUX IPOMIXKHUX
3B'SI3KiB, 110 JO3BOJIMB IIOKPALIUTY TOYHICTb cermeHTauii Bif 1% 1o 5%. Y geskux BUnagkax AaHe [OKpaleHHs 0yy10
IOCSITHYTE 32 PAaXYHOK 301/IbIIEHHS apXiTeKTypH Jialle Ha 1%, o niATBepaXye SIKiCHI BJIaCTMBOCTI JaHMX 3MiH. Ha
OCHOBI 3aIIPOIIOHOBAHUX CII0CO6iB, 6710 po3pobieHo MeTon Moaudikanii HelipoHHUX Mepexx U-Net nis 3anad
cermeHrallii 306pakeHb, 3 BAKOPUCTaHHSIM MOBU NporpamyBaHHs Python Ta 6i6siotexu Tensorflow ais
€KCIIEPMMEHTAJIBHOTO MiATBEPKEHHS TOLIBHOCTI AaHuX Moaudikauiil. EkcnepumeHnTy 6ys10 IPOBEAEHO Y Pi3HUAX
IOMEeHax 3HaHb, TAKMX SIK aHaJli3 MeINYHNX 300paKeHb, 4 TAKOXK aHaJli3 MiCbKOTro cepenoBumia. Takox,
3aIpOIIOHOBAHI Mifxoau 6ysiu nepeBipeHi sIK Ha IBOBUMIPHUX 300pa’KeHHSIX, TaK i TpPUBUMIpPHUX 00’eMax, 110
HiATBEPAXYy€E MPAaKTUYHICTh 3aCTOCYBAHHS 3aIIPOIIOHOBAHUX Y POOOTI Cl1oCco6iB MopudiKalii HEIPOHHUX MEPEX.
JI71 eKCIIepUMEHTIB BUKOPUCTOBYBAJIMCS BiloMi Habopu JaHuX, Taki ak UWGIT, BraTs, CityScapes, Synapse. byso
TaKOX [IPOJEMOHCTPOBAHO, 110 3aIIPONIOHOBaHI Moaudikallii 103BOJISIOTh LOCITHYTY, A B AEsSKUX BUINAAKAX,
[IepEeBEPIINTH TOYHICTb JESIKUX BilOMUX Ta IIMPOKOBXUBAHUX apXiTEKTyp HEHPOHHUX MepeX. OKpiMm Toro, 6yso
IIPOBEIEHO aHaJli3 WBUAKOII Ta BUKOPHUCTAHHS TaM'sSITi [J1s1 3alIPOIIOHOBAaHUX MOJUQiKalill HEHPOHHUX MEPEX.
By70 BCTaHOBJIEHO, 1110 IIMOIII Mepexi, sIKi BAKOPUCTOBYIOTh MifiXill 3 KoedillieHTOM pO3MNUPEHHS, MOXYTb
IIpalloBaTy WBULIE, aHiK 6a30Ba apXiTeKTypa, py NpUOJIN3HO OJHAKOBIYM TOUHOCTI cermeHTallii. Po3pobienuit
METOJ], Ma€ BeJIMKE [IPAaKTUYHE 3HAUEHHs Ta IIMPOKeE IOJIE 117151 3aCTOCYBaHHS y Tajy3i aHaslizy 300paskeHs, 110 0yJ10

€KCIIePUMEHTAJIbHO MiATBEPIKEHO Y X0 NOCiTKEeHb.

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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