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Pedepar

Humiomuas pabota: 40 crpanuibl, 17 pucyHkoB, 2 Tabmuisl, 15 nCTOUHHUKOB,
1 npunoxenue.

NCKYCCTBEHHBIE HEVIPOHHLIE CETH, BMHAPHAA
CEMAHTHUYECKAS CETMEHTAIS, UNET, OSPABOTKA M30BPAYKEHMUIA.

Oo0vexkm uccnedo6anus — NICKYCCTBEHHbIE HEMPOHHBIE CETH JIJISI CETMEHTAIuU
U300paKeHUH.

Ilenv pabomer — pazpaboTKa UCKYCCTBEHHOW HEWPOHHOW CETH I aHaIu3a
JFOMUHECLUEHTHBIX U300paKeHUI PAKOBBIX KIIETOK.

Memoowt uccnedoeanus — co6op U TnpenoOpaboTKa MaHHBIX, AyTMEHTAaLMs
JNaHHbIX, pa3padorka apxutektypel HWHC, o6ysenue WHC, Bammpanus u
TECTHUPOBAHUE, OLICHKA TPOU3BOAUTEILHOCTH.

B pamkax wuccrnenoBaHus Oblia BBIIOJIHEHA CETMEHTAIUsl HW300paKeHUM
PaKOBBIX KJIETOK MOJIOUHOM KeJIe3bl C UCIIOIb30BaHUEM O0YUEHHOW HEMPOHHOM CETH.
Onenka 3()(PEKTUBHOCTH CETMEHTAlMM TPOBOAWIACH HA OCHOBE JBYX METPUK:
kod(purmenta Jlaiica u unnekca XKakapa.

st coznanusi oOydarorero Habopa JaHHBIX ObUT pa3paboTaH CHeNHaTbHbBIN
QITOPUTM, KOTOPBIM TMO3BOJISIET pa3pe3aTh MCXOAHBIE M300pakKeHUsS HAa MHOMXECTBO
yacTeil B COOTBETCTBMM C 33JaHHBIMM NapaMeTpaMHu. OITO  00eCIeyusio
dbopMupoBaHre OOIIUPHOTO U Pa3HOOOPA3HOrO HAOOpa JAHHBIX, HEOOXOIUMOTO JIJIst
adexTuBHOrO OOyUYeHHS HEUPOHHOW ceTu. JlOMOJHUTENbHOE YBEIWYEHUE W
paszHooOpa3ue JaHHBIX JOCTUTAIOCH 33 CUET MPUMEHEHHUS METO/IOB ayrMEHTAITUH.

B kadecTBe OCHOBBI JUI CETMEHTALMU OblIa BIOpaHa apXUTEKTypa HEMPOHHOMN
cetu U-Net, 10MOMHEHHAs] Pa3IMYHBIMU CIOSMHU PETYISPU3ALUMU [IJI1 MOBBIIICHUS
TOYHOCTH ¥ YCTOWYMBOCTH Mojenn. OOydeHre U TeCTUPOBAHUE CETH MPOBOIUIINCH C
UCIIOJIb30BAHUEM YIIOMSIHYTBIX METPUK.

Pe3ynbTarsl OlleHKH MOJeNel MoKa3alld CIEAYIOIIUe 3HaYeHUs: KodDPUimeHT
Hatica — 0.8907, unnexc Xakapa — 0.8052. TouHOCTh KOHTYpPOB OOBEKTOB JIJIsI
Monenu ¢ koddduimentom Jlaiica cocraBuia 91.1%, a mis Momenu ¢ MHIEKCOM
Kakapa — 92.03%.

[IpuMeHsATUCh pa3iMyHble METOIbl IMOCT-00paOOTKM HM300paKEHUM s
yCTpaHEHUs IIYyMOB W MpPENOTBpalleHusl clIunaHnusi oO0OBeKTOB. B pesynbrare
oOyueHHasi HEMPOHHAs CETh MPOAEMOHCTPUPOBAJIA BEICOKYIO TOUHOCTh CETMEHTAIUU
M300paXEHUI PAKOBBIX KJIETOK MOJIOYHOM KeJie3bl, 0COOCHHO TPH HCIOIb30BaHUU
uHjekca JKakapa. Mojenb MOXET OBITH JOMOMHUTEIHHO J000y4YeHa Ha HOBBIX
JAHHBIX JJIs1 TIOBBIIIEHUSI TOYHOCTH CETMEHTAIIUH.



Pa¢epar

Hpimnomuas padora: 40 craponak, 17 mamonkay, 2 tabminbl, 15 xpsixin, 1
JaaTax.

IITYYHBISI HEWPAHHBIS CELIBBHI, BIHAPHAS CEMAHTBIYHAS
CEIMEHTALIBLS, UNET, ATIPALIOVKA BBISIBAY.

AO0'eKT JacjielaBaHHA — IITYYHbIS HEHPAHHBIA CETKI I CETMEHTAITbII

BbISIBAY.

Mbsra mpanbl — pacnpanoyka IITy4Hail HeWpaHHall ceTki JUIs aHaii3y
JIOMIHECIPHTHBIX BbISIBAy paKaBbIX KJIETaK.

Mertaabsl JpaciaexaBaHHsi — 300p 1 HamspdAHss anpaloyka Jai3€HbIX,

ayrMEeHTalblsl JAaa3eHblX, pachpanoyka apxitaktypsl [HC, naByuanne IHC,
BaJIIAIbIs 1 TACTABAHHE, al[PHKA BHIHIKOBACII].

VY pamkax nmacimemaBaHHS ObLla BBIKAHAHA CETMEHTAIBIS BBHISBAY DPaKaBBIX
KJIETaK Majo4Hail 3aJI03bl 3 BBIKAPHICTAHHEM HaBy4YaHaill HeMpaHHail ceTki. AIPHKa
a(heKThIYHACII CerMEHTAIlbll MPaBOJ31JIacd Ha AaCHOBE JIBYX METPBIK: Kad(]illbleHTa
Jatica 1 inaKca XKakapa.

Jlnst  crTBapaHHS HaBydallbHara HaOOpy [daa3eHbIX ObIy pacmpamaBaHbl
CHEIBIUTBHBI ITaphITM, K1 JTa3Bajisie pa3pa3allb BBIXaIHBIS BBISIBBI HA IIIMAT YacTaK
y aamaBeAHacll 3 3a7aa3eHbIMl mapaMmerpami. ['aTa 3alscneusiia QapmipaBaHHE
mibIpoKara 1 pasHacTaiiHara HaOopy JaJ3eHblX, HeaOXxogHara Mg 3(eKTbIyHara
HaBy4YaHHS HeWpaHHaW ceTki. J[amaTkoBae maBeiudHHE 1 pa3HACTAMHACIIH Ja/I3€HBIX
Jacsiraiacs 3a KOIUT MPbIMSHEHHS MeTa/iay ayrMEeHTallbll.

Sk acHOBa JIs1 cerMeHTaIlbll ObUTa BRIOpaHA apXiTIKTypa HeipanHait cetki U-
Net, manoyHeHass pO3HBIMI CIOSMI PATYISIPHI3AIBIl IS TMABBIMIPHHAS JTAKIaTHACII 1
crabinpHacii Maaam. HaByuanHe 1 TAcTaBaHHE CETKi MPABOA3UIICS 3 BhIKAPhICTAHHEM
yIaMiHYThIX METPBIK.

BeiHiki anpHK1 Maadsy makasaial HacTYIHbBIA 3HaYdHHI: KaddinpleHT Jlaiica —
0.8907, inmake XKakapa — 0.8052. JlaknagHacup KaHTypay ab'ekray mjisg maidm 3
kax¢iupientam Jaiica cknana 91.1%, a ans manami 3 inndkcam Kaxapa — 92.03%.

VikpIBaJiCA PO3HBIA METAbl NACIIANPALOYK] BbISIBAY JJI BBIIAJICHHS 1IyMay 1
MpanyxuleHHs 3i7inaHHs ab'ektay. Y BBIHIKY HaBydaHas HEHpaHHas CeTKa
MpaJdMaHCTpaBajia BHICOKYIO MTaKJIaTHACI[h CETMEHTAIlbIl BBISBAY PAKABBIX KJIETaK
Majo4Hail 3ay03bl, acabiiBa Tpbl BhIKApbICTaHHI 1HA’Kca JKakapa. Mamdsme Moxa
OBIlIb Ja/laTKOBa JlaBydaHa Ha HOBBIX JAJ3€HBIX [JIs TABBIIIDHHA JIaKJIaJIHACII
CErMCHTAIIBII.



Abstract
Thesis: 40 pages, 17 figures, 2 tables, 15 sources, 1 appendix.

ARTIFICIAL NEURAL NETWORKS, BINARY SEMANTIC
SEGMENTATION, UNET, IMAGE PROCESSING.

Research object is artificial neural networks for image segmentation.

The goal of the work is to develop an artificial neural network for analyzing
luminescent images of cancer cells.

Research methods — data collection and preprocessing, data augmentation,
development of ANN architecture, ANN training, validation and testing, performance
evaluation.

As part of the research, segmentation of breast cancer cell images was
performed using a trained neural network. The effectiveness of segmentation was
evaluated based on two metrics: Dice coefficient and Jaccard index.

A special algorithm was developed to create a training dataset, which allows
cutting the original images into multiple parts according to the given parameters. This
ensured the formation of an extensive and diverse dataset necessary for effective
neural network training. Additional increase and diversity of data were achieved
through data augmentation methods.

The U-Net neural network architecture was chosen as the basis for
segmentation, supplemented with various regularization layers to increase the
accuracy and stability of the model. Training and testing of the network were
conducted using the mentioned metrics.

The results of the model evaluation showed the following values: Dice
coefficient — 0.8907, Jaccard index — 0.8052. The accuracy of object contours for the
model with the Dice coefficient was 91.1%, and for the model with the Jaccard index
— 92.03%.

Various image post-processing methods were used to eliminate noise and
prevent object merging. As a result, the trained neural network demonstrated high
accuracy in segmenting images of breast cancer cells, especially when using the
Jaccard index. The model can be further trained on new data to improve segmentation
accuracy.



