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CETMEHTALIVISI TOMOI' PAGMYECKUX UCCJIEJIOBAHUI

C IPUMEHEHUEM HEMPOCETH U-NET

Ctpykrypa padorbl: [[unmomuas pabora coctout u3 48 crpanui, 11 pucynkos, 3 tabmwmi, 22
HMCTOYHHMKOB. PaboTa mMeeT TpaIulMOHHYIO CTPYKTYpY W COCTOUT M3 BBEICHHUS, OCHOBHOM
YaCTH, COCTOSIIIICH U3 YEThIPEX TJIaB, 3aKIIFOYCHHUS, CITUCKA UCIOJb30BAaHHBIX UCTOYHUKOB.

Tema: CETMEHTALIMS TOMOTPA®UYECKNX UCCJIEJJOBAHUI C IPUMEHEHUEM
HEUPOCETU U-NET

KuaroueBble cioBa: HellpoceTb, CerMaHTallMsl JaHHBIX, TOMOI'paduyecKkue HcCCcIeoBaHus,
Jaracer.

Lenbp padorwi: pa3paboTka HelpoceTH Ha 0aze METOAOB TIIyOOKOro oOydeHusi, oOydeHue
Mojaend W aHaau3 d3(PQPEeKTUBHOCTH €€ TPUMEHEHHS B PEIICHWH 3aJadyd CEerMEHTAaIluu
TOMOrpa(UIECKUX HCCICAOBAaHUMN, C YUYETOM CHEeUU(PHUKU JTaHHBIX. 3aJa4M, IMOCTaBICHHBIC IJIS
JOCTH)KEHHSI 1[EJIU, BBIOJHEHBI C MPUMEHEHUEM sI3bIKa MporpaMmmupoBanust Python, ocHoBHOI
dbpeiimBopk — PyTorch.

AKTYaJIbHOCTB: 00yClIOBIIeHa B He0OXoauMocTh 3 PEeKTUBHON 00pabOTKH pacTyluX 00HEMOB
MEIMIIMHCKUX JaHHBIX, YTO CHOCOOCTBYET YIY4YIICHWIO ITUArHOCTHKH ¥ aBTOMATH3AIHH
mporieccoB. TouHasi CEerMeHTalUs aHATOMHYECKUX CTPYKTYp Ha H300paKEHHSIX IO3BOJISICT
MOBBICUTh KaY€CTBO JIMATHOCTUKU U CHU3UTH HArpy3Ky Ha crneunaiucroB. Apxutektypa U-Net
3G PEeKTUBHO CHpABIISIETCS C 3aJa4aMH CErMEHTAIlMH, OCOOCHHO MPU OTPAaHUYCHHBIX JTAHHBIX,
YTO JeNlaeT €€ MOAXOAIIeH Ui MEeAMIMHCKUX mnpuiokenuil. MccnenoBanus B 00dacTu
rIyOOKOro 00y4YeHUsT TPOJOJDKAIOT pa3BUBATHCA, U puMeHeHne U-Net MOXKeT crocoOCTBOBaTh
MIpOrpeccy B MEAUIIMHCKON BU3yaIU3alIUH.

MeTtoabl HcC/IeI0BAaHUSA: AHAIW3 JIMTEPATYPbl UIsI U3Yy4EHUS CYIIECTBYIOLIMX IOAXOM0B K
CerMeHTaluu, IpenodpadboTka AaHHbIX ToMmorpaguueckux wuzoOpaxenuin (KT, MPT) nus
MOATOTOBKM K OOYYEHHIO MOJZENM, a Takke pa3paboTka m oOydenue monenu 3D U-Net na
ocHOBe apxuTekTypbl U-net ¢ Hacrpoiikoil rumepmapamerpoB. BakHbIM 3Tamom sBiseTcs
OLIEHKa [POU3BOJUTEIILHOCTY MOJEIM C HCHOJb30BAaHMEM METPUK, Takux Kak Dice
kodpounuent u MeanloU, uTo mo3BoJiseT KOJMYECTBEHHO OLIEHUTh Kaue€CTBO CErMEHTALlUU.
CpaBHuTenpHbIM aHanu3 pe3ynbTatoB U-Net ¢ OpyrumMu MeTOAAMM CErMEHTALMM ITOMOT
BBISIBUTH €70 NIPEUMYIIECTBA U HEAOCTATKU.



Py¢pepar

Uspnikasa Kausipsina JI3miTpbieyna
CEIMEHTAIIBISI TAMATPA®IYHBIX JTACJIEJJABAHHSAY

3 IPBIMSIHEHHEM HEMPACEL]I U-NET

Crpykrypa pabortbl: JlpiuiomHas pabota ckiagaenua 3 48 craponak, 11 mamonkay, 3 ta6mi,
22 xpeiHil. PaboTa Mae TpaAbIIBIHHYIO CTPYKTYPY 1 CKJIaJaelia 3 yBsAA3eHHs, aCHOYHAH 4acTKi,
sKasl CKJIaJlaelllla 3 4aTbIpOX YacTaK, 3aKIF0UIHHS, CIICY BHIKAPBHICTAHBIX KPBIHIIL.

Toma: CETMEHTALIBISI TAMATPA®IUHBIX JACJIEJABAHHSY 3 ITPBIMSHEHHEM
HEMPACELI U-NET

KuarouaBbisl cJI0BBI: HelipaceTka, cerMaHTalblsl JaJ3€HbIX, Tamarpa@iuHbld JaciefaBaHHI,
Jaracer.

Mbra paboThl: pacnparnoyka HelpaceTki Ha 6aze merajay riblOokara HaBy4YaHHs, HaBy4aHHE
MagdIi 1 aHami3 AQeKThIYHACHl S€ TNPBIMIHCHHS Y BBIPAIdHHI 3aJa4ybl CErMEHTAIlbII
tamarpadiuHbIX JacielaBaHHAY, 3 yJikaM crheubl(iki JaHbIX. 3aJadbl, MacTayJICHbIA IS
JACATHEHHS MOThI, BBbIKAHAHBI 3 Y)KbIBAHHEM MOBBI IparpaMmaBaHHsi Python, acHOYHBI
dbpaitmBopk - PyTorch.

AKTyanbpHacub: abyMmoyneHa § HeaOXomHacii 3(eKTBIYHall ampamoyki pacTydblx al'emay
MEJIBIIIBIHCKIX JaHbIX, IITO caA3eiHIuae MassMmIIIHHIO ABIATHOCTBIKI 1 ayTaMaThI3allbli Ipamdcay.
JlaknamHasi CerMEHTAallblsi aHaTaMiYHBIX CTPYKTYp Ha BBIABaX Ja3Bayise MaBBICIb SKaclb
JBIITHOCTBIKI 1 3HI3IIb Harpy3Ky Ha croenbisiictay. Apximkrypa U-Net sdexTsiyHa
crpayisenia 3 3aauaMi cerMeHTallbli, acabiiBa Mmpbsl aOMeKaBaHbIX JAJ3€HBIX, IITO POOIIb sie
NpbIIaTHAM [T MEABIIBIHCKIX NpbIKIagaHHsay. JlacinenaBanHi ¥ rajiiHe riplOOKara HaBy4YaHHS
mpalsreails pa3BiBaia, 1 npeiMsiHenHe U-Net Moxka caazeiiHIyalp nparpacy ¥ MeIbIlbIHCKal
Bi3yaJsi3albli.

Metaasl gaciefaBaHHsI: aHalI3 JITApaTypbl U1 BBIBYYDHHS ICHYIOUBIX @aAbIXoAay Ja
CerMeHTaIlbll, Mepajamnpamnoyka maaa3eHbix Tamarpadiuaeix wmamonkay (KT, MPT) nmnsa
MaJpBIXTOVKI J1a HAaBy4YaHHsS MajdJil, a Takcama pacrpaioyka i HapydyanHe maadii 3D U-Net na
acHOBe apXxiTkTypbl U-net 3 HacTpoiikail rinmepmapamerpay. BakHpiM s3Tanam 3'syisenna
alPHKa MpaJyKIbIHHACII MaJ3Jli 3 BbIKAPHICTAHHEM METPBIK, Takix sk Dice ka’QinbleHT 1
MeanloU, mro npas3Baisie KojibKacHa alaHIlb sKaclb cerMeHTanpli. [lapayHanbHbl aHami3
BoiHIKay U-Net 3 iHIIBIMI MeTalaMi CerMeHTAaIlbI1 1allaMor BBISBILb ATO MepaBari 1 HeaXx oIbl.



Abstract

Ekaterina Dmitrievna Chernikova

SEGMENTATION OF TOMOGRAPHIC STUDIES

USING THE U-NET NEURAL NETWORK

Structure of the work: The work consists of 48 pages, 11 figures, 3 tables, 22 sources. The
work has a traditional structure and consists of an introduction, the main part consisting of four
chapters, a conclusion, a list of references.

Topic: SEGMENTATION OF TOMOGRAPHIC STUDIES USING THE U-NET NEURAL
NETWORK

Keywords: neural network, data segmentation, tomographic studies, dataset.

Objective: development of a neural network based on deep learning methods, training of the
model and analysis of the effectiveness of its application in solving the problem of segmentation
of tomographic studies, taking into account the specifics of the data. The tasks set to achieve this
goal were accomplished using the Python programming language, with the main framework
being PyTorch.

Relevance: is determined by the need for effective processing of growing volumes of medical
data, which contributes to improved diagnostics and automation of processes. Accurate
segmentation of anatomical structures in images enhances the quality of diagnostics and reduces
the workload on specialists. The U-Net architecture effectively addresses segmentation tasks,
especially with limited data, making it suitable for medical applications. Research in the field of
deep learning continues to evolve, and the application of U-Net may contribute to advancements
in medical imaging.

Research methods: literature review to study existing approaches to segmentation,
preprocessing of tomographic image data (CT, MRI) to prepare for model training, as well as the
development and training of a 3D U-Net model based on the U-Net architecture with
hyperparameter tuning. An important stage is the evaluation of the model's performance using
metrics such as the Dice coefficient and Mean loU, which allows for a quantitative assessment of
segmentation quality. A comparative analysis of U-Net results with other segmentation methods
helped to identify its advantages and disadvantages.



