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TACBHUPJIAPJATY OB BEKTJIAPHU HEMPOH TAPMOKJIAP OPKAJIN
CEI'MEHTJIAII

H.C. Mamaros!, M.M. Xanenosa?, I11.X.Toxu6oesa®, 5.H. Camuxonos*

L2“Towxenm uppucayus 6a KUWIOK XPAHCATUSUHY MEXAHUAYUALAUL MYXAHOUCIAPU

uncmumymu’” Muaiuti maoxukom ynueepcumemu, Y30exucmon
SHamanean dasnam ynueepcumemu, Y36exucmon
*Cexncone Ynusepcumemu, Kopes
(Qabul qilindi 18.11.2023 y.)

Tacsup obvekmaapuHu ceeMeHMAyUALIAUWl MACBUPIAPHY KAUMA UWMAAUWL HCAPAEHUOA2U MYXUM
bockuy Oyaub, ceemenmaaul 00vbeKmMHU MACBUPOAH MYEPU 84 AHUK ANCPAMUO OJUUHU MADMUHLAUOU.
by sca manub oauw anukiueuHuHe WKopu Oyauwunu Kagoramaiauou. Atxu naumoa, maceup
cecMeHmMayuAIauL YCyaiapu opacuoa 4yKyp YKUmMuuiea dcoClanean YCyulap Mauwxyp 8da camapaoop
xucobnanaou. Maskyp maxona HelipoH MapmoKea ACOCAAHEAH Ce2MeHMAayus YCYIIapuHu maoKuKuea
bazuwnanean 6yaub, HelUpoH MapmMoKea ACOCIAHeaAR YCYIIAP ACOCAH yuma moughaea axcpaniean x010a
Ypeanunean 6yaub, yiaprHu OmMyxK 6a KAMUUIUKIAPY KYPCAMubd YmuicaH.

Kanum cyznap: maceup, ceemenmayus, CyHbUull unmeniekm, nuxkceiu, Heupon mapmox, GAN, U-
Net, CNN, RNN, FCN.

Segmentation of image objects is an important step in the process of image processing, and
segmentation ensures correct and accurate separation of the object from the image. This guarantees
high recognition accuracy. Currently, deep learning-based methods are popular and effective among
image segmentation methods. This article is dedicated to the research of neural network based
segmentation methods, and neural network based methods are mainly divided into three categories
and their advantages and disadvantages are shown.

Keywords: image, segmentation, artificial intelligence, pixel, neural network, GAN, U-Net,
CNN, RNN, FCN.

Ceemenmayusi 00beKmMo8 U300padicenHuss AGIAEMCA BAICHBIM IMANOM npoyecca 06pabomku
uszobpasicenull, a ceemenmayus obecneuugaem npPAGUIbHOe U MOUHOE OmoeleHue 00veKkma Oom
uszobpasicenus. Imo eapaHmupyem 6blCOKVI0O MOYHOCMb pacno3Hasanus. B nacmoswee epemsa cpeou
Memo008 cesMeHmayuu U300padcenull NONYIApHbl U IPPexmusHsl Memoovl, OCHOBAHHbIE HA
2nybokom 06yueHuu. dma cmames NOCEAUEHA UCCIe008AHUI0 MemO0008 CeeMeHMAayuu HAd OCHO8e
HEeUPOHHBIX cemel, a Memoobl Ha OCHOBE HEUPOHHBIX cemeli 8 OCHOBHOM O0eNamcs Ha Mpu Kamezopuu
U NOKA3AHBL UX NPEUMYUECMBA U HedOCMAMKU.

Knwuesvie cnoea: uszobpasicenue, ceemenmayus, UCKYCCMBEHHbIU UHMENLIEKM, NUKCEb,
netiponnasn cemo, GAN, U-Net, CNN, RNN, FCN.

1. Kupum. TacBupnapHu KalTa unuiam OuinaH OOFIMK OYiaraH yTa Mypakkad Ba MyXHUM
kapa€Hiapaan Oupu Oy TacBUpJapHU cerMeHTiam XucoOmaHaau. CerMeHTanus MyaMMOCH
KYIMHYa TaCBUpPJaru 00beKTIapHU TaHUO OJUIIA F03ara KeJlaau.

Cermenranusa-0y pakamiu TacCBUPHHM OMp HeuTa CErMEHTIapra akpaTHull kapaéHu O0yiauo,
YHUHT aCOCHI MakcaJu TaCBUPHHU COJIANAIITHPUII Ba TaXJIWJ KWIHII Kyjldaid OYIuIIM y4yH yHU
yaraptupumaup. TacBUp CErMEHTalUsICH OJlaTAa TacBHpiapJard OObBEKTIap Ba dYerapajlapHU
aXpaTuiyia KyJIaHuiIa Iy, SsbHU TaCBUpAArd Xap Oup mukcenra teriap oenruiam xapaéuu 6yimo,
y Oup Xw1 EPIUKIN TUKCEIUIApHU YMYMUN BU3yall XyCyCUSTIIapra ara OYIuIu XucoOiaHaiam.

TacBup cerMeHIall HaTWKacu OYTYH TAaCBUPHM KOIUIOBUM CErMEHTJIap €KU TacBUPIAH
OJIMHTaH KOHTYpJap Tymiaamu 0yinu0, cerMeHTAaru 0apya nukcesiap panr, EpKUHINK EKU TEKCTypa
Kabu xycycusariapu Oyinya yxmmam Oyiaayd Ba KYITHH CErMEHTJIAp OJIMHTaH XyCycHsTiapra Kypa
KEeCKUH (apK KuJiaau.

byryHru kyHja TacBUpJapHU CETMEHTJIAll yCyJl Ba aJTOPUTMIAPUHM PHBOMJIAILITHPHIIL
Oyiimua  kymaa®  TagKMKOTYMIIAp  MYyHTa3aM  IIYFYJUIAaHMOKAA.  BUpPOK,  TacBUpJapHU
CErMEHTJAIIHUHI MaBXyJ €EHJAIIyBJIapy YHHUBEpcaJl 3Mmac. TacBUpPJapHUM CErMEHTIAIIHUHT
aHbaHaBUI yCyJUIapH, S’bHU COXa Ba KOHTYpJapra acociaHraH ycyijlap pakaMild TacBUpPJIapHU
Kaiita wnmam ExmamyBiaapu [1-8] xampma maremarnka ¢aH coXacw OWITMMIIApUAaH KEHT
¢oiinanananu. AHBaHaBUM yCyiiap cojaga XucoOnamuiap Ba IOKOpH Te3JIMKKa dra Oyncana,
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CETMEHTJIAII aHUKJIUTH TYIUK KadonaTaanmaiim.

1-xanBan
CermMeHTIal yCYIIIApUHUHT PHBOXIIAHUIT OOCKHWIAPH
e Tiun CeFMe]-lT.]IilI]J yCyJl, aJIrOpuTM, Tadcuinor
éuamyBu
201y o et | ST Do
1 | xosupru | UNETR, Segmenter, Swin-UNet, MBT- | & PCCIITPOIH ACKOACPAAP
OHMpIamTHpPraH CEMaHTHK CErMEHTAIUs
Baktraua | Net, SegFormer, SETR
MOJIEIIH.
DeepLabV3+ DeepLabV3 ra uucbaran
2 2018- UyKyp YKUTHIITAa aCOCIaHTaH : SIXIIH. BUPOK, AMCKpeTIaliHy OUYU3UKIN
2020 DeepLabV3+, UNet++ yCYJIM HaMyHa OJIMII YCYJIH €Tapiiu
Jlapakajia Xy OYIMacIurd MyMKUH.
2016- Uykyp yxurumra acocinanrad: V-Net, 3D | DeepLabV3 kapop kaOyn Kuiumiga Te3Kop
3 2018 U-Net, SegNet, DeepLabV2, PSPNet, amMac.
DeeplLabV3
4 2015- Uykyp Ykutumira acocianran: FCN, FCN Owan HaTtmka onuIn XaajaH Talrkapu
2016 DeepLabV1, U-Net KAMMAT.
T'noban Ba nokan 65cara, TFpu TYFpU OOFIaHUIILIH HEHpOH TapMOK
5 2014 s ONTHMAJUIAIITHPHII YIYH KYTIPOK IapameTp
OOFTAHMIIIITN Ba MOOMII HEHPOH TAPMOK
Tajad KWiaau.
Ontumuzanmsianrad K-means, Heiipon | HeiipoH TapMoK ycymnapu YKUTHIIHH Tanad
6 2013 tapMoK, Mmopdoioruk, GA, rioda KHUJIaIu.
ONITUMAJI TEO0JIC3HK AKTHB KOHTYD
7 2012 Mopdonoruk, HelpoH Typiapw, FCM+BEMD OGupnamtupuiras ycyi
FCM+BEMD, FCM acocuna GA IOKOpHY XUCO0JIall MypaKKaOJIUrura ara.
FCM+FKM, GA, MabIyMOT TYCHFH, FCM+FKM OupamTupuIn HaTHXacHaara
8 2011 TUCTOTpaMMa KjlacTepriall, BEUBIIET ycyin 0Yu0, YHUHT HaTHXKACH TIapaMeTpiap
acocuma MRF nacTiia0Ky KHMMAaTHHY TaHIalra OOFIINK.
FCM+K means, Watershed, Tpagra Watershed xucobmnamr BakTu kam, OUPOK, Y
9 2010 OpPTHKYA CETMEHTIIAPHU XOCHIT KWJIAJH Ba
acocyaHTaH
HIOBKWHTA CE3THp.
Beiisrier acocuna MRF, Kuppanapcus SRG ¢on ku3uKuII O6T>CI§TI/IF8. yXmam
10 2009 TEKCTypa Ba paHITa 3ra OyIraHjaa KyTUIraH
(haon xoutyp, K-means, SRG N
HATWXaHU TAbMHUHJIaMaiu.
MasbaymoTiiap TymiiaMu/ia MOBKUH KYIT
11 2008 SVM, niioH 6ammnkuu MOJIENb oynranga SVMpan Qoiinananuin KyTuiral
HATIDKaHU TabMUHIIaMaiiIu.
FCM Hopagiian Tymnamaan ¢oianaHuiira
12 2007 FCM, PCA, Mopdomnoruk acocnaHrad 0ynu0, yHlIa TErHILTHINK
(YHKIMSICHHY aHHUKJIAIl Mypakkao.
13 2006 V3ax curnan }’3a1< CHTHai yoyItH Tacsp .
y3rapyBuaHJINTUra kaBo0 6epmaiiu.
Tayce apanama mojens (GMM), GMM racBup CErMEHTalsCH y1yH
14 2005 MocnacyBuaH. bupoxk, dazosuit
JIMHaMHK TU3UM MOJICIUIAIITHPHIIT .
MabJIYMOTJIADHH WHOOATIa OJIMaii/Iu.
@DaoJ1 KOHTYp YHEPTUSHU
15 2004 ®aon xoHTYp, Komacetnk knacrepamt MUHAMA AT HPYBTH CILTAHHH
nudonanaiiau. BUpox, ycyi uira TyIupUII
TaIIKUd OMUJIIapra OOFJIHK,.
K-means HyKTalapHH KJIacTepJiall OpKaJn
Beiisner, K-means knacrepnam, MRF, CCTMCHTIIAILIN aMajira OLHpai. bynza
16 2003 o TacBHP KOHTPACTH €KU EPKUHIIUTH €TapIH
AnantuB Oycara -
OynmMaranja KyTWIraH HaTHXKaHU
TabMUHJIaManIu.
17 2002 Mopdonornk, Coxa KeHTaluIIIH, Mopdomoruk ycymmap MaTeMaTuK
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Cellular neural network scheme MOP(OIIOTHS OIIEpaIsIIapUHH
oupramTupaay. bupok, cerMmenTarus
caMapacu CTPYKTypa 3JICMCHTH IIaKJIUTra
KYWUTH OOFITUKIND.

OO0BeKT yerapa MabJIyMOTIAPUHH OJIUIIIIA
rpagueHTaap Ba (haoj KOHTYpJIapaaH
¢oiinananany. Y0y ycyinap MIOBKHH Ba
apredakTiapra yta TabCHpUYaAHIUD.

18 2001 KonTyp axparum

TacBupaaru 6apya JOFIap NMIAKIWHA alijlaHa

1998- OpKaJli a)kpaTajad. byHaa Joraap MIakiv Ba

19 QduKcepiaHTaH IowMpa, aanTuB Joupa vpK pataji. byria 1 P

2000 Viruamu amanna dapkiaHaJad XaMJia aHuK
IXTUEKIIAPHU KOHIUPMaNIH.

Bbycarara acocnanran cermeHTalus
TacBUpAaru 00beKTHU (POHIAH aXKpaTHILI
YUyH KyJulaHwiIagu. bupok, TacBup
apredakT Ba IOBKUHJIAPH HATHKara cainOuii
TabCHUP ITATM.

l'ucrorpamma, 6ycarara acociaHran
aNrOPUTM

20 1997

UyKyp YKUTHIIra acoCIaHTaH yCyJulap aHbaHaBUM ycyJulapra HUCOaTaH I0KOPH aHUKIMKKA
sra OYNraHiurd y4dyH ylapJaH TacBHpJIAPDHM CerMeHTIama (oiiianaHumn TaBCHUs STHIAIM.
Mapxxyn 3aMOHaBUM THU3UMIApJa TAacCBUPJApPHU CETMEHTJIAll YYKyp YKUTHULITa AaCOCJIaHIaH
JITOPUTMIIAP aCOCUA aMajra OLIUPUIAIH.

UyKyp yKUTMIITa acociaHIraH yCyJuiap, alHMKCa TacBUPJIAPHU CErMEHTIAll KapaéHUHU
aBTOMATJIAIITUPUILA, SHHU YJIKaH XaXKMJIM TaCBUP MabIyMOTJIapH Ba yJIApHU KYJ/la CErMEHTJIAI
Mypakkab Oynranaa myxumaup. byHna ypamiau HEeHpoH TapMOKJIap TacBUpJapAard OOBEKTIapHU
aBTOMATUK CETMEHTJANIa IOKOPH HaTWXKalapHu Kypcatran. CyHBHM HEHpOH TapMOKIap
apxutektypacu SluH JIeKyH ToMOHUaH TacBUpJapHU camapaiu TaHUO OJIMII MaKcaauaa Takaudg
stwirad [9]. Kiaccuk TaaKUMKOT HaTHKajlapu yMyMIIAIITHUPUINO, YyKyp YKUTHILIa acocjaaHraH
TacCBUpPJIAPHU CerMeHTiam ycysmiapu yura toudara, sbau FCN, U-Net Ba GANra axpatum [10]
ui Myaudiapu TOMOHUIAH Takiu@ dTwirad. Maskyp TaIKUKOT HIMUAA Xap Oup ycyn Oaradcrt
0aéH >THIINO, yIapHU IOTYK Ba KAMYMIUKIAPU YpraHUITaH.

2. Metoanap
1. Fully Convolutional Neural Networks (FCN)

TacBupnapHu cerMeHTIalla KEHI KYJUIaHWIAaUraH Ba caMapallyd ycyjuiap TYJIUK HEHPOH
tapmoknu  FCN  ycymnap xucoOmanamu. FCN  TapMOK apxuTekTypacu KyWuIard pacmjaa
KEJITUPUJIITaH.

TacBupna CEMaHTHUK
CEerMEHTJIAIIHU aMajira OIIUPHUII Y4YH
FCNpan [12] wmpa doinananuiran
0ynuo0, SHKOJIEP KOHBOJTIOLIHSI
KaTjiamjiapu €pJaMujia KUpyBYM TacBUP
XaKMH  KaMmaWtupwiagg Ba  Oup
BaKTHUHI  y3MJa KaHa/Ulap  COHHU
OLIMPHUIAAN XaMJa OJMHTaH HaTHXa
TPAHCIIO3ULUSATIAaHT aH KOHBOJIFOLIMS
KaTjaamiiapy OpKajiu JeKOAJaHaIH.

FCN apxurtekTypa camapanopiy,
OMpOK, Yy allpuM KaMYWIMKIapra Xam
ora. JXymnaman, koanmam kxapaéHuia
MabIyMOTIAp WYKOJUIIM Ba Xap Oup
MUKCEJIHU TYIUK KYypuO YuMKMail TacCHU(IAIIHM amaira OIIMpraHu y4yH ymO0y MoOJenb OpKalu
OJIMHTAH €4uM aHuKIUTH nacT 0ynaaun. FCN kamunnukiapuau Oaprapad STUI, SHHU 3HUPOK 0asnt
XaputacuHu onuin makcaguna DeepLab vl ycymu [13] mm myammuduapy TOMOHUZAH Takiaud
STWIraH. Yoy yCyJIHUHT OUpiamTupul Kagamuaa Tynaupui xaxmuau 100gan 1ra y3raprupuin
HaTWXkacuaa OMpIAIITUPUITaH TaCBUP XaXMM OpTMAc/aH, OJMHIaH Oaijl XapuTach 3ca 3UYPOK

Oldinga'Qaror gabul qulish

Orgaga’O’rganssh

1-pacm. FCN Heiipon TapMoK apxutekrypacu [11].
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oynran. DeeplLab v2 Ba DeepLab v3man sHaga mypakka® Ba mdomamm Oynran ResNet-101
tapmord [ 14,15] unnapaa myannudiaapu KyTaHUITaH.

DeepLab v3+ Tapmok wmomenu [16] wm myamummdiiapy TOMOHUIAH DHKOJEP-ICKOIED
aApXUTEKTypacH acocua UIuiad YMKWiIrad 6ynuo, myamduap 4yKyp Ba HyKTalu KOHBOJIOLUAIAH
nbopar OynraH axpansaguraH KOHBOJIONMSHM KupuTHinrad. Kyiumarm pacmaa ymly MoIenb
apXUTEKTypacH KeITHPHUIITaH.

TacBupaaru TYJIUK p— .ﬁ g

MUKCEJUIapHU Kypub YUKULLI - it *ﬁ ’
m— ~ e 0
acocuJia TAacBHUPHU CErMEHTJIaIra (Ao | oo
" PeN e | ¢ =2 -] P-E=
SPUILUII YYyH HUHI CEMaHTHK o SV R f— ’ﬁ l
CerMeHTanus Bazudacura el Ij
[Tms)

acocaHraH 9HKOJEP-IEKOAED ‘ (e @ .
CUMMETPUK MOJEIHU XUCOOIaHTaH — 4
SegNet apxurexkrypacu [17] wnm g _"‘“—l .
Myautddiiapu Takaud STUITaH. o) — ([ G [ ) )

2. U-Net

Kynnab TaAKUKOTINIAP 2-pacm. Deeplab v3+ apxurekrypacu [16].
FCN apXUTEKTYpPaCUHU

TAaKOMWIJIAIITHPHIL YUYH Y3 eUnMJIapUHU TakiIug sTuiirad, ynapaad o6upu U-Net HelipoH TapMoFu

O6ynub, yHnmaH QolganaHuml d>kapa€HuUAAa TpaAMeHTNIAp SXIIMPOK TaKCUMIIAHAAW Ba TYpPIU

MacmTabjard TacBUpJApAard MabIyMOTJIapHM KalTa WIOUlamra WMKOH Oepamu. Heiipon

TAPMOFUHHMHTI YYKyp KaTJIaMmjapuaaH OJIMHTaH MablIyMOTIap OOBEKTIAPHM MOAEIUIAIITUPHUIIra

MMKOH Oepajy Ba IOKOpHU KaTiiamJjap/iaH OJMHTaH MabyMOTIap HEHPOH TapMOK MOJIEIHM acocHja

aHUKPOK TacHU(UIaHUIIHU TabMHUHIAaMau. U-Net HeHpoH TapMoKiIapu THOOMH TacBUpJIApHU

CerMEHTJIAIIZ]a KEHT KYJUIaHWiIagu. YmOy HEWpoH TapMOKHUHI THOOWI TacBUpJIapHU

CerMEHTAIIAA FOKOPH CaMapaJOpIMKHU TabMHMHJIAIIN YHU TY3WJIUIINM OMp BAaKTHUHI Y3Uaa KyHH

Ba IOKOpHM JapakaJarn MabJIyMOTJIapHU Oupiamitupa onumuaanup. bynaan rtamkapu, ymoy

TApMOK KyHH Japakajaru MabJIyMOTJap AHUKJIMKHU omMpuinra &paam Oepaau Ba IOKOpU
Japakasiard MabJIyMOTJIap 3ca MypakKal OeNruiapHu axxpaTuinra EpaaM Oepaim.

. 3D U-Net wmopmenu U-NetHunr

" _ . . TakOMWUIAIITHPWITAH  BapUaHTH

L I”I>F O6ymub, ymOy HEeHpoH TapMOK

| ApXHUTEKTYPACH [18] WL

MyainudIapy TOMOHHJAH TaKIH(}

stwirad. YmoOy wmoxaens U-Net

& = s o .
}il -,-'»' Ty3WJIMacuHu siHana 0ol (a3oBuii

MabJIyMOTiapra o3ra  Oymumura

$ = - -
’»’;“ — Y= =) HyHanTupuiran 0ynub, yHH TapMOK
S S SR oot ... TySWMIIM  KyWMpard — pacmia

g [ KEeNTUPWIITaH.
> 3D TapMOK apXUTEKTypacu

U-Net ra ¥yxmam, sbpHH OHTTa
KOJJlall Ba JAEKOJyIall Wyau Xamja
xap Oup Hynmma TypTTa pyxcar mapaxacu MaBxkya. Y 3D TtacBupnapHu ysnykcu3 2D kecma
TaCBUpJIAP KETMa-KEeTIIMTUHU KUPUTHIN OpKaimu 3D TacBUpPHU CErMEHTIAIIHU aMajra OIIMPaIH.
Ymoy tapmox U-Net Omnan Takkociaanranma, kupum tacBup (132 x 132 x 116) Ba yura kaHaiura
ara XUCOOJIaHAU, YUKYBYM TacBHp XakMu 44 x 44 x 28 oymagu. 3D U-Net Tapmox FCN Ba U-
NetHUHT OpUTHHAN XYCYCUSTIAPUHU CaKJ1a0 KOJUII FOSICUTa aCOCIaHaIH.

3-pacm. 3D U-Net apxurektypacu [18].

3. Generative Adversarial Network (GAN)
['eHepatuB MojeIapHu YKUTUIIHH sHTU ycynu [19] mmiga takmug stunrad 0yinuO, yHU
TY3WJIMIIH Kyfmz[arn pacMaa KSJITUPUIITaH Ba Y UKKH KUCMIdH I/I60paT.
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bupunun KucMm Z tacoauduii MOBKUHHU Ka0ya KHIyBUM Ba Oy IMIOBKWH OPKAJTU TaCBUPHU
spaTaJuraH aBloOJl TapMOK XucoOmaHagu. VMKKMHYM KUCM TacBUPHHU "XaKUKUH" EKM XaKUKHIA
OMACJIMTUHY aHUKJIAIl MaKCau/a KYJUTAaHWIQIUTaH TapMOKKa KapIik Kyparl KHCMH XACOOIaHaIH.
VYHUHr KHMpUII — [apamMeTpu X

(racsup), wmknm D (x) oca x

XaKUKUU TacBUP oy I B

IXTUMOJIJIUTMHU udoaanaiau.

I'eHepanusiamn  TapMOFM  COXTa pean

MabJIyMOTJIApHU sipaTaju Ba pakud

TapMOK XAKUKUIITUTUHI o ' .
oxTa

aHUKJIalla  JUCKPUMHUHATOpJaH
(oiinananany. 4-pacm. GAN Ttysumim [10].

U-Net  apXuTekTypacuHU
GAN reneparopu cudaruga SegAN tapmok Mozenu [20] umaa taknud Kununarad. Tubouit TacBup
cermenTanusicu yuyH U-Net TacBuparu MyBo3aHaTCH3 MUKCEN ToU(alapy MyaMMOCHHH caMapaiiu
Xal KWjia oJIMaraHu ydyH Oy Myammora acocinanu0, myamummdiaap GAN rosmapu acocuja
CerMEHT/IAlll TAapMOFUMHHU ONTUMAUTAIITHpUlAa Kyn wMukécan L1 AyKoTwiMmumHu  Takiaud
KWIUIITaH.

Projective Adversarial Network (PAN) monmenu [21] wmpga 3D cemaHTHKaHM camapaid
apatuil Makcanuaa takiaug stuiaradH. PAN 3D rtacBupnapra tasHmacnaH €Kd CerMeHTJIAIIHU
Mypakkabnamrupmacaad, 2D mnpoexkuus opkaniu okKopu gapaxkanaru 3D MabiymoTiapHU
Oupnamtupagy. Ymody Mojenia KUPYyBUM TACBUP MKKU YIIYOBIM KyJIPaHI TAaCBUP Ba YMKHII 3ca
MIUKCEN NapakacuJard YXTUMOJIIIUK XapUTACUIIUD.

CerMeHTNamHM CYHITH MOUIA0 yYuKWIran ycyuiapunan Oupu Oy SegFormer mopenu
xucoOaaHaau. Y 3HKOJEp Ba JIEKOAEPHM KaiiTa JIOMMXaJaIITUPUII aCOCHIa CEMAaHTUK CErMEHTIall
Oyitnua TacBUpiap TYIUIlamjaapuaa camapaJopiuK, aHUKIMK Ba MyCTaXKaMJIMK YI4oBiapu Oyiinua
Oomka ycyiapra Hucoatan ycrynaup [22]. Kyiinna ymly Moiens apXuTeKTypacu KeJITHPHIITaH.

Encoder Decoder
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5-pacm. SegFormer v3+ momens apxutekrypacu [23].

IOxopuna 6a€n »TwiraH ycy/ulapHH TacBHUpJapra KyJUlall HaTHKacHaa XOCWJI OyiraH
CErMEHTJIaHTaH TaCBUPJIApHU OOBEKTIAPHU TAHUO OJUIIL, TacHHU (AN OOCKUUIAPHUTra YTKA3UIl YIyH
Oenry  IAK/UIAHTUPHUIL — QITOPUTMIIADMHU  Ba  IIAKIUIAHTUpPWITaH  Oenruiap  opacujaH
uH(pOpMAaTUBIAPUHUA  axpaTuO®  onuml  EHOANTYBIApUHM  KyJIJIaHWII  3apyp.  benru
MIAKJUTAaHTUPUITHUHT KM3UKapau €HnamryBiapu [24-30] unutapaa 6atadcenn Eputuiras.

3. Harmxanap

TacBup cerMeHTJIAIIHMHT HEHpOH TapMOKJapra acoclaHraH ycyiapura OaFuIllIaHTaH
anabueTnapHy YpraHuml OpKajdu ynap TYIuK Taxjwn Kuwinaan. FCN Monenu TtacBuUpiapHU
CerMEHTIAIIZA YYKYyp YKuUTUIIAaH (oigananud axornd HaTWXKajapra SpUINTaH JacTia0Ku
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Mozemtapaadn Oupunup. CYHITM BakTiIapAa HIUIa0 YMKWIAETTaH TAaCBUPJIAPHU CErMEHTJIall
ycymiapu anHad FCN acocupa maximantupwirad. bupok, FCN opkanu cermeHTnamjad CyHr
OJIMHTAH HATWKaJap Xajl XaM eTapiiu Japaxkana smac. TubOuii TacBupnap Tymiamiapu yayH YKyB
TaHJIaHMa TacBUpJapuHu etapiau smacauru U-Net MoaenuHu Takin(d STUIHUIIUTA TYPTKH OYNTaH.
Tu66wmit TacBupnapaa GANHU KyJUTann OpKajdd TaCBHPHU CETMEHTJIAIHU aMalira OUIUPHII SXIIH
camapa Oepuriu kymiuad agabuérnapaa TabKu1ad YTHITaH.

FCN, DeepLab, DeepLab v3 Ba DeepLabv3+ ToMoHMAAaH YKUTWITaH TapMOK MOJICITUHU
Yypraya kecumryBu mloU (Mean Intersection over Union) kypcatkuuu OuiaH Oaxouamn amanira
ommpuiradn 6ynu0, Oynna mloU kuiimMaTH TacBUPHM CETMEHTJIAIIHU AHUKIUTMHU Yiadall y4yH
MyXuUM KypcaTkud xucobmanaau. mloU kuilMatu KaHuYaiduK Karra Oynca, y Xojiga TapMOKHH
CEerMeHTJIAIl HATHKACHU IIyHYAIHK X1 0ymaau. mloU kypcaTknuu Kydugarnda Xxucooianau:

1 < Pa
mloU = ” 12 0 (1)
+14
0 Pij +z Pji — B
=0

Oy epma k-cunbmap conu, |-xakukuii KuiimMar, | sca OamopaTiaHraH Kuiimar, P, cuHdu |

cuparuna TYFpu TacHU(IAHTaH NUKCEUIap YMyMUH COHM, [ oca I cundu | cudaruma

68.I_HOpaTJ'IaHFaH MUKCceJuIap ymMmyMHuu COHH, pji aKCHH4a, pij Ba pji HOTYyTrpHu TaCHI/ICI)J'IaHFaH

MUKCesuIap.
FCN, DeepLab, DeepLabv3 Ba DeepLabv3+ wmozgemnapunu Oup He4yTa TacBHUpIap
tymiamuaard mloU kuitmaTinapu Oyiinda HaTwKagapy KyHuaard xaaBajiaa KeITHPUITaH.

2-KaaBaJl
FCN mopenu Ba yHuHr takoMusutamtupuiarad moaemtapuau 2012 PASCAL VOC [31], PASCAL-
Context [32] Ba Cityscapes [33] TacBupnap tymiamuaaru anukmk (mloU) kuiiMatinapu

TacsupJap Tymjiamu
Mopnean 2012 PASCAL VOC PASCAL-Context Cityscapes (mloU)
(mloV) (mloV)
FCN 62.2 X X
DeepLab 79.7 45.7 70.4
DeepLav v3 86.9 X 81.3
DeeplLab v3+ 89.0 X 82.1

4. Xysoca. Ma3kyp MakojiaJga TacBHpJiapAard OOBEKTIapHU CErMEHTJIAIIHA HEeWpoH
TapMOKJIapra acocjaHraH yCcyyulapu TaJKUK KWIMHraH 0Ynuo, ymoy ycysiap Xakuaa MabiyMoTiap
KyTu1ab agabuéTiapHu TaxJIMIN acOCUIa WHFWITaH Ba HEWPOH TapMOK MOJCIUTAPUHU alpuMiIapu
yUyH yIapHH apXUTEKTypalapu KenTupuirad. AnaOuértiap TaxJIWwid acocuia KyHuaaruiapHu
Xynoca cuaTiIa KEITUPUT MyMKHH:

-U-Net Ba y acocuja MaKIIaHTHPUIITaH MoOjeuIap THOOWIM TacBUpJapHU CerMeHTIaIla
camapainy Ba THOOWI TacBUpJIapHM KalWTa WIDIANl TU3UMJIAPUHU KaTTa KHCMHIA YIIOy
MojieJuTapaan (hoiaanaHuIraH;

-2-kanBan Ba agabuérnap Taxjwiura TtasHraH xonga DeepLabV3+ mogens aHuKIuru
TaCBUpJIAPHHU CETMEHTIIAIIHYN amMaJira OIMPHUIIA SIXIIK camapa 6epaau Ae0 alTUIll MyMKUH;

bupoxk, okopuaa KenTHUpWIraH HEMpOH TapMOKJIM MOJAEIUIAPHUHT Oapyacu KaTTa Xa)KMIId
Ky1u1ab TacBUpiap TYIiaMuaa YKUTWIHINHHA Tanad Kwiag. LLlyHusr yuyH, aitau maiitaa xap oup
coxa Macajacura MOC TacBHpJap TYIUIAMJIAPUHU IIAKIIAHTHPUII MyaMMOCH XaJll XaMOH J10113ap0
XHUCOOIaHaIH.
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