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AHHoTauua. CerMeHTaLmA onyxonen rofIoBHOro Mo3ra — ofHa U3 Hanbosiee CNOHKHbIX
3aJau B aHanm3e MeULMHCKUX M306parkeHUi. Lienbto cerMeHTaLmMm onyxom rofIoBHOM0 Mo3ra
ABNIAETCA CO3[aHMe TOYHOro o4epTaHuA obiacTelt OnyXosi FOSIOBHOMO Mo3ra. [MoMbl ABnAloTCA
Hanboree pacnpocTpaHeHHbIM BUAOM OMyXoJiei F0I0BHOMo Mo3ra. [MarHoCcTMKa NauMeHToB
C TakuM 3aboneBaHMEM NMPOBOAMUTCA Ha OCHOBE aHasIM3a pe3ybTaToB MarHUTHO-Pe30HaHCHOM
TOMorpadum 1 cerMeHTaLMM rpaHuL, onyxosu BpydHylo. OQHaKo 13-3a Tpy40EMKOro XapakTepa
npoLecca py4Hom cerMeHTaLMmM 1 OLLUMOOK CyLLLecTBYET HE06X0AMMOCTb B ObICTPOM U HALEHKHOM
anroputMe aBTOMaTM4YeCKoM cerMeHTauun. B nocnegHue rogbl MeTogbl Fy60oKoro obyyeHums
noKa3sasiv MHoroobeLLatoLyo 30GeKTUBHOCTb NPU peLLIEHM Pa3nYHbIX 3a4a4 KOMMbIOTEPHOI 0
3peHus, TaKMX Kak KnaccuomKauma nsobparkeHunin, o0bHapy<eHne 06EKTOB M CeMaHTUYeCcKan
cerMeHTauusa. [Jna cerMeHTaLumM onyxonemn rofloBHOro Mo3ra 6bl1 MpUMeHeH pAg MeToaoB,
OCHOBaHHbIX Ha ry60KoM 06yYeHUn, U BbiM LOCTUMHYTHI MHOFoObeLLaloLne pe3ynbTaThl.
B cTaTbe NpeanoreH rmbpuaHbIi METOL, peLLeHNA 3a4a4m CEerMeHTaL MM onyXosei FoI0BHOro
Mo3ra no ero MPT-n3obpareHusaM Ha ocHoBe apxuTeKTypbl U-Net, KogupoBLLMKOM B KOTOPOH
ABNAeTCA Mofesb rNyboKon CBEPTOYHOM HEMPOHHOW CETU, NpeaBapuTesibHO 0byYeHHOWM
Ha Habope nsobpakeHunin ImageNet. B unucne Takux Mmogenen 6binun ncnonb3soBaHbl VGG16,
VGG19, MobileNetv2, Inception, ResNet50, EfficientNetb7, InceptionResNetv2, DenseNet201,
DenseNet121. Ha ocHoBe rMbpuaHoro MeTofa peanu3soBaHa Mogenb TL-U-Net v npoBegeHbl
YUCIIEHHbIE 3KCMEPUMEHTLI MO ee 06yYeHUI0 C pa3fiNYHbIMU MOLENAMU KOAUPOBLLMKOB A/1f
CcerMeHTauun onyxonemn rofioBHoro Mo3ra no ero MPT-nsobpaeHnaM. KoMnbloTepHble
3KcnepuMeHTbl Ha Habope MPT-n306paXeHnin FOSIOBHOFO Mo3ra nokasanu 3¢peKkTUBHOCTb
npensioXKeHHOro noaxoAa, HaunyJllen Moaenblo KOOUPOBLLMKA OKa3asacb HeEMPOHHaA
cetb Densenet121, npegocraBumBLLaA NoKa3aTenm TOMHOCTU cerMeHTauumn MeanloU=90,34%,
MeanDice=94,33%, accuracy=94,17%. [Mony4YeHHble OLLEHKU TOYHOCTU CErMeHTauum
COMOCTaBUMbI UM MPEBLILLAIOT aHaNOrMYHbIE OLLEHKM, NMOJTyYeHHble ApYrMMUM UCCIefoBaTeIAMMU.
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Abstract. Segmentation of a brain tumor is one of the most difficult tasks in the analysis
of medical images. The purpose of brain tumor segmentation is to create an accurate outline
of brain tumor areas. Gliomas are the most common type of brain tumors. Diagnosis of
patients with this disease is based on the analysis of the results of magnetic resonance
imaging and segmentation of the tumor boundaries manually. However, due to the time-
consuming nature of the manual segmentation process and errors, there is a need for a fast
and reliable automatic segmentation algorithm. In recent years, deep learning methods have
shown promising effectiveness in solving various computer vision problems, such as image
classification, object detection and semantic segmentation. A number of methods based on
deep learning have been applied to segmentation of brain tumors, and promising results have
been achieved. The article proposes a hybrid method for solving the problem of segmentation
of brain tumors based on its MRI images based on the U-Net architecture, the encoder of
which uses a model of a deep convolutional neural network pre-trained on a set of ImageNet
images. Among such models were used VGG16, VGG19, MobileNetV2, Inception, ResNet50,
EfficientNetb7, InceptionResnetV2, DenseNet201, DenseNet121. Based on the hybrid method,
the TL-U-Net model was implemented, and numerical experiments were carried out to train
it with different encoder models for segmentation of brain tumors based on its MRl images.
Computer experiments on a set of MRl images of the brain showed the effectiveness of the
proposed approach, the best encoder model turned out to be the neural network Densenet121,
which provided indicators of segmentation accuracy MeanloU=90.34%, MeanDice=94.33%,
accuracy=94.17%. The obtained estimates of segmentation accuracy are comparable or exceed
similar estimates obtained by other researchers.
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BeBepeHue

HEHHBIMH OITYXOJISIMH TOJIOBHOTO MO3Ta.

Ha ux momto mpuxoxutcs moutn 80% Becex
3JI0KaYEeCTBEHHBIX OITyXOJIeH TOJIOBHOTO MO3Ta,
nrarHoctupoBaHHbIX B Mupe [1]. CormacHo
BceemupHO#l opraHu3anuu 34paBOOXpPAHEHUS
(BO3), mmomy MOXHO pa3feiquTh Ha YEThIpe
Pa3IMYHBIX YPOBHS HA OCHOBE MHUKPOCKOITHUYE-
CKHX U300pakeHNi 1 oBeeHws ormyxomu: [ 1 11
CTETIeH! — 3TO TJIMOMBI HU3KOW CTETIeH! 3]I0Ka-
yectBeHHocTd (JI['T), koTopsie 63Ky K 100po-

I_ JIMOMBI SIBIISIFOTCSL HanboJIee pacnpocTpa-

KaueCTBEHHBIM 1 MeuIeHHO pacTyT; [II u IV cre-
MIEHU — 3TO IIMOMBI BEICOKOHN CTENEHH 3J10Kaye-
crBeHHoCTH (HGGS), KOTOpHIE SIBISIOTCS 3710Ka-
YEeCTBEHHBIMH M arpeccuBHBIMH [2]. [ aHamm3a
1 MOHUTOPUHTA N300paXEHUH OIyXOJIH TOJI0B-
HOTO MO3Ia CYHIECTBYET HECKOJIBKO OCHOBHBIX
MHCTPYMEHTOB, TAKHX KaK MarHUTHO-PE30HAHC-
Hast Tomorpadust (MPT), komnbroTepHAs TOMO-
rpadus (KT), pearrenockornusi. MPT obGecrieun-
BaeT JIeTaIbHbIE H300paKEHHUS TOJIOBHOTO MO3Ta
U SIBIIIETCS] paCIPOCTPAHEHHBIM METOAOM BH3Y-
aJM3aluu, KOTOPBIH HCIIONB3YeTCs AJIs BU3ya-
JU3alKU TPOTSHKEHHOCTH 00J1acTel Oy XOJIH.

MHCTPYMEHTaHbeIe cpeactsa B Mogenu n MeTogmkm
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