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IIpumeHeHue HEHPOHHBIX ceTel
IJISI CEMAHTHYECKOM CerMeHTAIlMU N300paKeHuid IJ1a3HOro JHA
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Annomauusn

Pa3BuTHe HEHpPOCETEBBIX ANTOPUTMOB MPOM3BEIO PEBOJIIOIMIO BO MHOTHX O0JacTsIX, a 0CO-
OCHHO B TeX, YTO CBS3aHBI C MHTEIUIEKTYAILHBIM aHAIN30M U300paxkeHnid. OCO0YI0 CIOKHOCTD
MIPEICTABISIOT CO00 3a1a4l 00pabOTKH OMOMEIUIIMHCKUX JAaHHBIX, KOTOPBIM CBOMCTBEHHBI IIPO-
OneMBbl HecOaJTaHCHPOBAHHOCTH, MaJIOTO 00beMa W HEKaueCTBEHHOU pa3MeTKu. B manHOU paboTte
MIPOU3BOANTCS MCCIIEAOBAHNE BO3MOXKHOCTH HCIIOIB30BaHMS HEHPOHHBIX CETEH AT pelIeHHs 3a-
Jla4¥ CEMAHTHUYECKOW CETMEHTALMM HM300paXXeHUH TIiazHoro mHa. [ OIEeHKH HPUMEHHMOCTH
HEWPOHHBIX CETeH Ul PeIIeHHs JaHHOHW 3a/1a4n ObIIO MIPOM3BEJCHO CPABHEHNE UX PE3YIIHTATOB C
pe3ynbTaTaMH CeTMEHTAlMK M300pa)XKEHWH C MOMOIIBIO TEKCTYPHBIX NMpPU3HAKoB. B pesymbrate
0Ka3aJIoCh, YTO HEHMPOHHBIE CETH MPEBOCXOIAT B TOYHOCTH TEKCTYPHBIE IPU3HAKK 0 METPUKaM
precision (~25 %) u recall (~50 %). HeliporHble ceTr MOTYT OBITh IPUMEHEHBI TSI PEIICHHS 33139
OMOMEINIIMHCKONW CEerMEHTAIlMy M300pa’keHni ¢ MpenBapUTENbHBIM NPUMEHEHHEM aJrOPHUTMOB
0aTaHCHPOBKHU U ayTMEHTAlUHU JaHHBIX.
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Beeoenue

B Hacrosiiiee BpeMsi akTyabHOW 3aaueil sIBIsieTcs 1o-
BBIICHUE 3P (HEKTUBHOCTH JIa3epKOAryJSIUN CETIATKH TTPH
JeYeHNH auadeTHdeckoro Makyisiporo oteka (JIAMO) c
MPIMEHEHNEM COBPEMEHHBIX IU(POBBIX TEXHOIOTHH 00pa-
0OTKM M300paKEHUH TJIA3HOTO JHA, 8 TAKKE METONOB WH-
TEIJUIEKTYAIbHOTO aHaIN3a HECTPYKTYPHPOBAHHBIX JAHHBIX
[1]. OmrummsnpoBaHHasT Ja3epKOATYISNUSA O0ECIIEINBACT
MaKCUMaJIbHO PaBHOMEPHOE BO3JEWUCTBUE JIA3EPHOM 3HEP-
UM Ha IUTMEHTHBIN SMMTENUN NOpaXEHHOM CEeTYaTKH, YTO
YBETHYIHBAeT OE30MACHOCTD JICUYSHUSI U ero 3P (PEeKTHBHOCTB,
a TaKXkKe TMO3BOJBIET N30ekKaTh MPUMEHEHHsT 0oJiee JOpOoro-
CTOSIIIIMX METOJIOB JIeueHHs [2, 3].

ITpn 3TOM GOUIBIIOE 3HAYEHHE MMEET BBICOKOTOYHOE
pacrio3HaBaHWE IATOJIOTHYECKHX W aHaTOMUYECKHX
CTPYKTYp TJIa3HOTO JIHA C LIENbI0 (pOpMHUPOBAHHMS 30H JIa-
3€pHOTO BO3ACHCTBUS W MEPCOHAIM3MPOBAHHOIO ILIAHA
ONTHMAJIBHOTO PACIIONIOKEHHUSI KOAaryJsiToB B 00JacTH
JAMO [4-5]. DT0 yBemUYUT KadeCTBO JIA3E€PHOTO JIeUe-
HUSA U OOBEKTHBHOI OLIEHKN 00bEMA M JTOKAIW3aIUHU I1a-
TOJIOTHYECKUX CTPYKTYP, HO3BOJISIOIIEH TPOTHO3NPOBATH
PEe3yNbTaThl JICYECHUS] K CBOEBPEMEHHO N3MEHATH TAKTHKY
JIeYeHNs TNa0eTHIECKON PETHHOATHH.

B mocnenHee Bpemst GOJIBIIMHCTBO 3a/1a4 MHTEIUICK-
TyalbHOTO aHaliM3a JaHHBIX pEHIaeTcs C IOMOIIBIO

HelipoceTeBBIX anropuTMoB [6, 7]. [osBneHwne HeipoH-
HBIX CETEW MPOM3BENIO PEBONIONHIO B 33/1a9aX 00pabOTKH
m3o0paxkeHnit. OCOOCHHO YCIEUTHO HEWpPOHHBIE CETH
MIPUMEHSIOTCS JJIsl PelmIeHuH 3amad KIacCH(PHUKAIUU
cerMmeHTanuyu m3o0paxenuit [§8, 9]. Tak, B pabdore [10] ¢
WX TIOMOIIBIO pemIaeTcs 3agada AUArHOCTUKH IHAaO0CTH-
YEeCKOT0 MaKyJSIPHOTO OTEKa, a B padore [11] ompenerns-
eTcs 11032 YeJIOBEKa.

B OuwomenumiiHe HEHpOHHBIE CETH HAIUIN CBOE da-
CTO€ TPUMEHEHHUE TPH PEIICHUH 3a1a4 CEMaHTHIEeCKOMH
CETMEHTAIINH, HalpUMep, Ui ONpeAeTIeHusT O0JIACTH T0-
paxenus jerkux BupycoM SARS-CoV-2 [12] wm mis
HAXOXKJICHHUS PAKOBBIX OITyXOJIeH TOJIOBHOTO MO3Ta Yelo-
Beka [13].

OpHako MpUMEHEHHE HEHPOHHBIX ceTei B OHMOMeETH-
LUHE CONPSDKEHO C PAIOM CHeIH()UIHBIX I STOH 001a-
ctu mipobiem. Yaire Bcero m3-3a COOJIOACHUS TTOJUTHKI
KOH(UICHIINATHFHOCTH U TPYAOEMKOCTH MPOIETYPHI pa3-
METKH, TPeOYIOIIeH BBICOKOH KBATM(HUKAIIMKA OT CIICIHa-
JIUCTA, CO3AATh OCTATOYHO OOJNBIION HA0Op JAHHBIX He-
00X0OAMMOTO KadecTBa KpaifHe 3aTpyaHuUTenbHO |[14].
Brusane mpoOneMBl HEJOCTATOYHOTO OO0BEMA TaHHBIX
MOJKHO HHBEIHPOBATH Ojarofgaps MPUMEHEHHIO Pa3iInd-
HBIX TEXHUK ayrMeHTanmu naHHbX [15]. Tak, B 3agauax,
CBSI3aHHBIX ¢ 00pabOTKON OMOMETUIIMHCKUX H300paske-
HHUH, OCOOEHHO JEMCTBEHHOH OKAa3bIBAETCSA 3JIACTHYHAS
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ayrmernrtanus [16] mamsbix. [pyras mpoOmema, CBOIi-
CTBEHHAs] OMOMEIWIIMHCKAM JaHHBIM, — Ipo0OJjeMa BEIpa-
YKeHHoTo nucOanadca kiaccos [17]. Pemenue mpoGiiemMbl B
ciTy4ae, KOTAa HecOanaHCHPOBAaHHBIMHA OKa3bIBAIOTCSI MHO-
KECTBO KJIACCOB, SIBIISICTCS HETPHBUATIBHBIM, OTHAKO CYIIIE-
CTBYIOT AJTOPHUTMBI, HHUBEIUPYIOIINE aHHYIO HpoOIeMy
[18, 19]. HauGonee komrekcHas mpobdiaeMa — HU3KOoe Kade-
CTBO pa3MeTKH AaHHBIX [20], ompeaenuTs M yCTPaHUTh KO-
TOPYIO Ha 3Tare 00y4eHHs aIrOpHTMa TPyIHEE BCETO.

B mactosmeit pabote paccMaTpuBaeTcs MpUMEHEHHE
HEHPOHHBIX CETEH AJIsI CETMEHTAIIMN M300payKeHUH Ta3-
HOro mHa. OCOOEHHOCTIMH TAaHHOM 3a[4aud SIBISIETCS TOT
(dakT, 4TO WCXOJIHBbIC NaHHBIE SABJISIOTCS HecOaTaHCHPO-
BaHHBIMH, YUCIIO M300pakeHUI Majo, a pa3MeTKa HeIo-
CTaTOYHO TOYHO COBIAJAET C JACHCTBHUTENBHBIM PAacCIO-
JIO)KEHUEM OOBEKTOB.

CymecTByeT psix pabOT, MOCBAIICHHBIX PEIICHHIO
JTAHHOH 3a7a4dM, OJHAKO OHH B OCHOBHOM Y3KOCHEIIHAJIH-
3UPOBAHBI M PACCMATPUBAIOT JIMIIH CETMEHTAILUIO H300-
paXEHUH Ha OAWH KJIacC, HaIpUMep, KJIACC KPOBSIHBIX
cocynoB [21] nim 3xccynatoB [22]. B manHoi e pabore
paccMaTpuBaeTcs 3ajada CErMEHTAIllMd H300paKeHHH
TJIA3HOTO JHA Ha HECKOJIBKO KJIACCOB, aKTyaJbHAs IS
CO3/IaHUSI TEXHOJIOTUH MOJAEP)KKH HPUHATHA DPELICHUIN
BpauoM MpH JAWATHOCTUKE M JICUCHHH AMA0CTUIECKOTO
MaKyJIsIpHOTO oTeKa [23].

1. Apxumexmypui HelipOHHbIX cemeil

IIpumeHeHne HEUPOHHBIX CETEH ISl PEICHUS 3aaun
CEMAaHTHYECKO CerMeHTaIl M300pakeHuil 00ycioBe-
HO psiioM nipuunH. HelipoceTeBbie anropuTMbl 00J1a1ar0T
XOpoIIeH 0000IIa0IIeH CITIOCOOHOCTRIO; SBIAIOTCS Ooee
TOYHBIMU (TIPEB3OLUINA JIOOBIE ApPyTHe TIOAXOIBI) BO
MHOYKECTBE 3a7]ad MHTEJUICKTYaIbHOTO aHaIN3a JaHHBIX;
CHOCOOHBI YUHUTHIBATh BECh KOHTEKCT M300paxkeHus [24].

OnHako X MPUMEHUMOCTh OTPaHUYMBAETCSI OCOOCHHO-
CTSIMU 00yUarolero Habopa JaHHbIX.

ITosTOMYy M pUMEHEHUS] HEHPOCETEBBIX AITOPUT-
MOB TI€pBOOUYEPEHON 3ajaueld SBISAETCS MOATOTOBKA
JIaHHBIX W HUBEJIHPOBaHUE MPOOJIeM HecOalaHCUPOBaH-
HOCTH JTaHHBIX U HEOOJBIIOTO 00heMa JaHHBIX.

OxmHOM M3 TEepBBIX APXUTEKTYp HEHPOHHBIX CETEH,
YCHENIHO MPUMEHEHHBIX JJIS PEUICHUs 3aJadd CEeMaHTH-
YECKOM CerMeHTaluu OMOMETUITMHCKUX H300paKeHUH,
sersieTcst apxutekrypa U-Net [25]. [lanHas apxuTekTypa
OTHOCHTCSI K KJIACCy ITOJIHOCBEPTOYHBIX HEHPOHHBIX Ce-
Tel. [laHHas ceThb COCTOMT U3 [IBYX 4YacTel: 3HKOZEpa,
BBIICJISIIONIETO TPU3HAKH HCXOTHOTO H300paKeHHs, W
JIeKO/Iepa, BOCCTAHABIMBAIONIETO KAPTy CErMEHTAINH IO
MIpU3HAKAM, BBIICIICHHBIM SHKOJEpOM. [ sKCIiepuMeH-
Ta, IPEACTABICHHOIO B HACTOSMICH CTAaThe, MCIIOIB30Ba-
nuch noctpoeHHble Ha ocHoBe U-Net cetu: ResNetUnet,
DenseNetUnet u XceptionUnet, riae B KauecTBe IHKOEpPa
HCIIoJIb30Bajiack ogHa u3 ceted ResNet, DenseNet man
Xception cooTBeTcTBeHHO. Beca mpenoOyueHHBIX ceTeit
HCTOIB30BAICH I WHUIMAIH3AINWN YHKOJAepa U ObUIH
3a()MKCHPOBaHbI HA BPEMsi O0yUEeHHSI.

1.1. ResNetUnet

Apxutektypa ResNetUnet mcmonp3yeT B KadecTBe
9HKONepa mpu3HakoB ceTb ResNet-101 [26], mpemoOy-
4YeHHYyI0 Ha Habope naHHbIx ImageNet [27]. K ocobenHo-
CTSAM apXuTeKTypbl ResNet MokHO oTHecTH e€ rryOuHYy.
Oto OBIIa TEepBasi apXUTEKTypa, MO3BOJUBINAS HUCCIIENO0-
BaTeysIM 00y4aTh HeWpoHHBIE ceTu Oosee gem ¢ 20 cio-
ssMu. Takxe B TaHHON apXUTEKType BIEPBBIC OBLIM HC-
MIONIB30BAHEI skip-connection (MOANGUKAIIS apXUTEKTY-
PBIL, TIO3BOJISAIONIAS] CUTHATY MTPOXOAMTH Yepe3 CeTh, Ipo-
ITyCcKask OJMH WM HECKOJIBKO CJIO0EB) IS MpemaoTBparie-
HUS IPOOIIEMBI 3aTyXaroIero rpafauenTa (puc. 1).

Image Result UnetBlock
1024x1024x3 t [ ixiConv ] Block
: ;@mﬁé‘“ et [ Cow ]
Block 1-2... XTOR4x64 | [ ConvDepthWise Gonv
[ UnetBlock 5] [ BatchNorm | |x6 BatchNorm
Block 3...
Sreeiness
512x512x128 o
MaxPool... Resize, x2
256x256x128 ConvBlock
ConvBlock 0, /1 IdenBlock
[ UnetBlock 4| ]—1><1‘CW\ [ ixTConv,/2 ][ 1x1Conv,/2_]
IdenBlock 1-2 12
G BatchNorm BatchNorm
ConvBlock 3 )
128x128x512 UnetBlock 3 2
IdenBlock 4-6 128x128x768 =3
e o
ConvBlock 7 § BatchNorm
64x64x10... [ UnetBlock 2| E
IdenBlock 8-22 64x64x12... =%
¢ E
ConvBlock 23
32x32x20... BatchNorm [ BatchNorm ][ BatchNorm
[IdenBlock 24-25 [ UnetBlock 1| S

Puc. 1. Apxumexmypa ResNetUnet

1.2. DenseNetUnet

Apxurektypa DenseNetUnet ucrnosnbs3yer B KauecTBe
9HKOZepa npu3HakoB ceTb DenseNet-169 [28], koTopas
Obu1a npenoOyuena Ha Habope nanHbix ImageNet [27].

Apxutexrypa DenseNet xopomro o0ydaercss Ha HEOONb-
KX Ha0Opax AaHHBIX U MPEJIaracT COSAUHITh BCE CIION
¢ TOMOIIEI0 skip-connection B TIpenenax OJHOTO CTPOH-
TEIBHOTO OJIOKa ceTH (puc. 2).
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Image Result UnetBlock Block
1024x1024x3 v t 1x1 Conv___| [ BatchNorm |
Conv 7x7 [1x1 Conv, 8, /1] 1
T'°24X1°24X64 ConvDepthWise
[ MaxPool 3x3 | [ UnetBlock5 |
atonNorm |
512x512x128 & 5121512256
DenseBlock 6 RelLU
_ Transition Block
- [ UnetBlock 4 | [ Resize, 2 |
TransitionBlock BatchNorm
256&56)(1 28 256:256x512 N - korn4ecrro Gnokos:
DenseBlock 12 DenseBlock N | RelLU
TransitionBlock UnetBlock 3 1x1 Conv
128x128x512 128x128x768 -
DenseBlock 24 Block = [—00
UnetBlock 2|

64x84x12...

TransitionBlock

DenseBlock 16
MaxPool 7x7

64x64x1024

UnetBlock 1

32x32x2048

Puc. 2. Apxumexmypa DenseNetUnet

1.3. XceptionUnet

U nocnennsis apxutekrypa, XceptionUnet, ucromnb3y-
eT B KAaueCTBE HSHKOJEpa MPU3HAKOB ceTh Xception-65
[29], xoTopas Obuta mpemoOyveHa Ha HAaOOpEe IAHHBIX
ImageNet [27]. K ocoOeHHOCTSIM AaHHOH apXUTEKTYpBbI
HEMPOHHOH CETH OTHOCHTCSI HCIIOJIb30BaHUE KOMOMHa-
UM pointwise (Toue€4Has CBEpTKa C pa3MepoM sapa 1x1)
U depthwise (IPOCTPAaHCTBCHHAs CBEPTKA, HE3aBUCHMO
MpUMeHsieMas K KaXJIoOMy KaHally) CBEpPTOK BMECTO Kjac-
CUYECKOU cBepTKHU. JlaHHas 3aMeHa I103BOJISIET COKPATUTh

YHCII0 00y4YaeMbIX MapaMeTpoB 0e3 BIMsSHHS Ha TOYHOCTh
ceru. Ha puc. 3 cxeMaTn4HO NpeCcTaBlIeHa apXUTEKTypa
XceptionUnet.

2. TexcmypHhbie npusnaxu

OIHMM M3 KJIACCHYECKUX CIIOCOOOB pEIIeHUs 3a1add
CerMEHTAIIMH W300PaKCHHUH SIBISIETCS TTO/IX0]], OCHOBAHHBIN
Ha HCII0JIb30BaHUU TEKCTYPHBIX NpU3HAKoB. MccrenoBanus,
B KOTOPBIX NPUMEHSIOTCSI TEKCTYypHbIE NPU3HAKU VIS Cer-
MEHTAINH H300paKeHNH, TO-TIPEKHEMY aKTyalbHBIL.

Image Result
1024x1024x3 Lg EntryFlow MiddleFlow ExitFlow UnetBlock
Block 1 1x1 Conv, 8, /1 [ ConvDepthWise ] || | ix1 Conv__ |
OcK 1. 1024x1024x64 ConvDenWi TXTConv T2 ConvDeoihWi
512x512x32 UnetBlock 5 [ ConvDepthWise | [ 1x1 Conv, || | [ConvDepthWise | BatchNorm ConvDepthWise

512x512x160

BatchNorm

Block 2...

BatchNorm

512x512x64

EntryFlow 1

128

UnetBlock 4

256x256x384

[ EntryFlow2 |
128x128x256

EntryFlow 3

64x64x728

[ UnetBlock 3
T28xT28x512

Repeat 2 times
ConvDepthWise,/2

@

BatchNorm

BatchNorm
RelLU

Resize, x2

BatchNorm

Block
Conv

BatchNorm

Repeat 2 times
ConvDepthWise
BatchNorm

Repeat 2 times
ConvDepthWise

: = UnetBlock 2 BatchNorm BatchNorm
MiddleFlow 4-20 SIRTX984
EntryFlow 21 UnetBlock 1
SO L | I T Cony BatchNorm
[ BatchNorm ][ BatchNorm ]| |[ BatchNorm |
ExitFlow 22
a2xa2r2048

Puc. 3. Apxumexmypa XceptionUnet

CermMeHTanus n300pakeHHH C TIOMOILBIO TEKCTYPHBIX
MIPU3HAKOB BBITMOJIHIETCS] B HECKOJIBKO 3TarnoB [30]:

1. ®parmenTanusi U300pakeHus. JTar, Ha KOTOPOM
n300pakeHre pa30MBaeTCs Ha KBaJIpaTHbIC 00JacTH,
Hanpumep, pazmepom 12 x12 nuxcenei.

2. BeluncineHne TeKCTypHBIX MPU3HAKOB AJIS KaXI0To
¢parmenta. Ha naHHOM dTare ajisi KaXaoro ¢gpparmeHra
BBIYHCIIAIOTCA TCKCTYPHBLIC NPHU3HAKH, HAIIpUMEP, C IIO-
mouipto 1O Mazda [31]. Otot sTan sBisieTcs: Hanbouee
JUTATENIbHBIM. Tak, BeIYHCICHUE HEOOJNBIIOro Habopa u3
napbl JECATKOB IPH3HAKOB JUIS OJHOTO H300pa)kKeHHs

pasmepa 1024x1024 mnuxcened MOXeT 3aHMMaTbh He-
CKOJIPKO YacOB IpPHU HCIIOJB30BAHUM BBIUMCIEHUH Ha
LEHTPaAJIFHOM IPOIIECCOPE COBPEMEHHOI0 MHOTOSAEPHO-
ro KOMIIBIOTEpA.

3. Knaccudukaius (parMeHTOB Ha OCHOBE BBIUHMC-
JICHHBIX 3HAY€HWM TEKCTYPHBIX Npu3HakoB. Ha nanHom
JTare NPOU3BOIUTCS KiacCH(UKAIMs OIHOTO U3 MHKCe-
Jiei pparMeHTa U300pakeHHs 110 BEKTOPY 3HAUCHUH BbI-
YHUCJICHHBIX TEKCTYPHBIX MpPHU3HAKOB. Yale Bcero kmac-
cu(UKaTOp CTPOUTCS C UCIOJIL30BAHUEM alrOPUTMa Jie-
PEBLEB PELLICHUN.
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TekcTypHble PU3HAKHA XOPOILIO MU3YYEHBI U YCIELIHO
MIPUMEHSIOTCS JUTS pelieHusl MHOXkecTBa 3aaad [30, 32].
OHaKO WX HCIIOJIb30BaHHE 3aHMMAET MHOIO BPEMEHH,
YTO JIeNaeT X BHEAPCHUE B MEIUIMHCKYIO PAKTHKY 3a-
TPYAHUTENbHBIM. [IOMHUMO 3TOT0, TEKCTYPHBIE MPHU3HAKU
00/1aJaf0T HEOCTATOYHONW 0000UIaroIIEll CIIOCOOHOCTHIO
JUTSL PELICHHST KOMILJICKCHBIX 3a1a4.

3. Onucanue Ixcnepumenma

Jns mpoBemeHMS OAKCHEPUMEHTa  HCIIOJIB30BAJICS
HA0Op [aHHBIX, NPEIOCTABICHHBIA OQTAIBMOJIOraMH B
paMKax BBIOJMHEHHS paboT mo rpanty PODU, cocros-
il 13 115 n300paxeHuii T1a3HOTO JTHA, KOTOPBIE OBUIH
pa3medeHs! Ha 8 kiaccoB: ontudeckuit auck (OD), maky-
ma (M), xpoBsHbie cocynsl (BV), TBepaple 3KccymaThl
(HE), msrkue sxccyaatel (SE), HoBble koarymsater (NC),
nurmMeHTupoBanHble koaryistel (PC), remopparms (H).
Jist naHHBIX W300paKeHWH Tak)Ke OBbUIM BBIYHCIICHBI
TEKCTYPHBIE IPH3HAKH.

Ilpu wucclieOBaHMKM JAHHOTO HabOpa HM300paKCHHIA
OBUTO BBIICHEHO, YTO KJIACCHI HOBBIX M NMUTMEHTHPOBAH-
HBIX KOAryJIATOB SIBIISTIOTCS PEAKAMH W HPUCYTCTBYIOT
menee 4eM B 10 % uzoOpaxenuii. Takxke penkum Kiac-
COM SIBIIIETCSI KJIACC MSTKHX AKCCYIaTOB, OH IPHUCYT-
cTByeT Jumb B 37 % wnzobpaxennit. Hammuame tpex pen-
KUX KJIacCOB 0003HauaeT mnpobiieMy HecOanaHCUPOBAHHO-
CTH MCXOJTHOTO HaOopa NaHHBIX. BiusHue maHHOW Mpo-
OsieMbl OBLJIO HUBEIMPOBAHO OJarofapst HMCIOJIb30BAHUIO
anropuT™Ma OaJaHCHPOBKU MAHHBIX, KOTOPBIM YYHUTHIBAET
HecOaTaHCUPOBAaHHOCTh MHOXeCTBa KiaccoB [33].

JlaHHBIN aNrOPUTM HE YBEJIMYMBACT MCXOHBIH HAOOP
JAHHBIX, a JIMIIb U3MEHSET YacTOTy BBIOOpa M300paxe-
HUH, copepKamuyx TOT WiM WHOW kiacc. [IpoGmema He-
6oxpmIoro oobeMa JaHHBIX ObUIA HUBEIHPOBAHA UCIIONb-
30BaHMEM ayIMEHTALMU: [IOBOPOT Ha CIIy4alHBIM yrod,
OTpakeHHs, d3JacTudHas aedopmarusa. B pesynbrare
NPUMEHEHHs] ayrMEHTAlMM MCXOIHBIH Ha0Op JaHHBIX
Ob11 pactmpen B 30 pas.

ITomumo 3TOTO, OBLT BBISBIIEH PSI OMIUOOK B pa3MeT-
Ke naHHbIX. [IpuMep HekayecTBEHHOW pa3METKH Jis
KJIacca KPOBSHBIX COCYIOB IPEACTaBICH Ha puc. 4.

HeifiporHbIE ceTH TOCTPOCHBI U 0OYYEHBI C ITOMOIIIBIO
oubnmorexku TensorFlow [34]. Mcnone3oBanue npeno0Oy-
YEHHBIX YHKOJIEPOB MO3BOJISIET OCYIIECTBISITH O0yUIEeHHE
HEHPOHHBIX ceTel 3HaunTeNpHO ObicTpee. [Ipu 00ydeHnu
HCTIOIB30BAJIHCH CIIEAYIOINE TTapaMeTpPhI:

— Pasmep Bxoma: 1024 x1024 x3.

— Komnuuectso smox: 12.

—  @ynkiwms omubku: FocalLoss [35].
— Onrtumusarop: Adam [36].

— Cxkopoctb 06yuenus: 0,003.

Hcnonp3oBaHre MONHOTO Habopa TEKCTYPHBIX IIPH-
3HAKOB U CErMEHTAINU HW300pakeHmid Hed((PEKTHBHO,
MOSTOMY OBUT TpOWM3BENEH OTOOp MPH3HAKOB COTJIACHO
WUHIMBUIYAIIHOMY KPUTEPUIO HH(MOPMATUBHOCTH JIHC-
KpUMHHaHTHOTO aHamu3a [37]. OTOop mNpH3HAKOB IO

JAHHOMY KPHUTEPHIO SBISETCA KIACCHYECKHM CIOCOOOM
MOUCKA HHPOPMATHBHBIX IPHU3HAKOB.

Puc. 4. Ilpumep nexawecmsennou pazmemxu
KPOBAHbBIX COCYO08

Bribop MMeHHO Takoro meroia oTOopa NPH3HAKOB
TaKke OOYCIIOBIIEH CBOWMCTBAMH JAWCKPUMHHAHTHOTO
aHanu3a. Ero xpurepuu 1mo3BoJsiioT BEIOpaTh TaKKe Mpu-
3HAKH, YTO HAWJIY4IIMM 00pa3oM pasJessiioT MpOoCTpaH-
cTBO 00BbekToB. Kitaccudukanus mukcenedl mo 3HaYCHH-
SIM TEKCTYPHBIX IIPU3HAKOB BBINOJHSIACH C IOMOILBIO
JiepeBa peieHi.

Jnsi OLleHKM KavecTBa CErMEHTallMHM H300paKeHuit
HCIOJIB30BATIMCh METPUKHU: precision, recall, fl-score.
JIoCTOBEpHOCTH PE3yJIbTaTOB SKCIEPUMEHTa oOecreyeHa
UCIOJIb30BaHUueM k-fold xpocc-Bamumanmu [38]. s
HEMPOHHBIX ceTeil Habop AaHHBIX ObUI pa30UT HA TPU 4a-
cti (k=3), a 10 TEKCTYpHBIX NPU3HAKOB — HA IISATh
(£=5). IlonyueHHbIC MO BCEM YaCTSM 3HAYCHUS METPHUK
YCPEIHSIIHCE.

4. Peynomamul

B Tabn. 1 npencrasieHsl pe3yabTaThl SKCIEPUMEHTA.
Cron6en TF (Textural features) coOTBETCTBYET pe3ylib-
TaTaM, IMOJYYCHHBIM C IMOMOINBIO TCKCTYPHBLIX IIpU3HaA-
KoB. B tabnuue avg u w. avg — cpeaHee U B3BELIEHHOE
CpeHee COOTBETCTBEHHO. Tak, MO0 METpUKe precision
BUJHO, 4YTO HeﬁpOHHbIe CCTU MPEBOCXOIAT TCKCTYPHBLIC
MPU3HAKK M0 OONBIIMHCTBY KiaccoB. OJTHAKO, COTJIACHO
precision TEKCTypHbIC TPH3HAKH CIOCOOHBI OTACIATH
KJIACChl KPOBSHBIX COCYIOB M TBEPJAbIX 3KCCyAaTOB OT
JIPYTUX Jydile, yeM HeilpoHHble ceTH. CorylacHO MeTpH-
Ke recall HeiipoHHbIE ceTH 0oJee YyBCTBUTEIbHBI, YTO
MOXET TOBOPHUTH O JIyyllleil 00oO0IIaromeil cnocoOHoCTH
HellpoHHBIX ceTeil. Takke BeposiTHEE BCEro HEHPOHHBIE
CETH CIIOCOOHBI HAXOAUTh OOBEKTHI, KOTOPBIC OBUIH MPO-
MyLIeHBI B Mpolecce pa3MeTku. Merpuka f-score 1eMOH-
CTPUPYET Pe3yJbTaThl, CXOKUE C METPUKOHU precision.

Buzyanuzanust pe3ysibTaToB CErMEHTAlMH IIPEJICTaB-
JieHa Ha puc.S. 31ech BUAHO, YTO HEWPOHHAas CeTh
CHpaBIISIETCS C 3aJjaueil CyIEeCTBEHHO JIyUllle [0 CpaBHe-
HUIO C TEKCTYPHBIMH Npu3HaKamu. JlaHHbIH GakT MOXKHO
00BsSICHUTH  Jiy4mied  o0oOmiaromeil  CrocoOHOCTBIO
HEHPOHHBIX CeTed M MX YCTOMYMBOCTBIO K Pa3IMYHBIM
YCIIOBUSIM ChEMKH TJIa3HOTO JHA.
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Taxoke B pe3ysbTaTe dKCHEpUMEHTa OBLIO 3aMeueHO,
YTO CEerMEHTalusi OIHOro wu3o0paxkenus Ha [TV
HEUPOHHOM CEThI0 3aHMMAET MOpsAJIKA HECKOJbKHX Ce-

KyHA. B CBOIO ouepens, Il CErMEHTAIIMH H300paskeHHsI
C TOMOIIBI0 TEKCTYPHBIX MPU3HAKOB YXOIHUT 3HAUUTEIb-
HO OoJbIe BpeMeHH (0O0JIbIIIe Yaca).

Tabn. 1. Pe3ynemamol daxcnepumenma

Precision Recall Fl-score

DenseNet | ResNet | Xception | TF | DenseNet | ResNet | Xception | TF | DenseNet | ResNet | Xception | TF
OD 0,66 0,66 0,60 0,50 0,94 0,94 0,97 0,79 0,78 0,77 0,73 0,61
M 0,53 0,56 0,51 0,45 0,81 0,81 0,87 0,26 0,63 0,65 0,64 0,33
BV 0,25 0,26 0,27 0,52 0,92 0,92 0,92 0,57 0,40 0,41 0,41 0,55
HE 0,41 0,40 0,50 0,89 0,82 0,82 0,71 0,59 0,54 0,53 0,55 0,71
SE 0,33 0,72 0,54 0,00 0,56 0,20 0,52 0,00 0,38 0,27 0,48 0,00
NC 0,53 0,40 0,43 0,00 0,06 0,05 0,13 0,00 0,11 0,07 0,15 0,00
PC 0,23 0,37 0,27 0,00 0,37 0,28 0,40 0,00 0,28 0,26 0,28 0,00
H 0,33 0,37 0,33 0,39 0,85 0,78 0,83 0,42 0,47 0,50 0,46 0,41
avg 0,41 0,47 0,43 0,34 0,67 0,60 0,67 0,33 0,45 0,43 0,46 0,33
W. avg 0,42 0,48 0,44 0,33 0,63 0,56 0,64 0,31 0,45 0,43 0,46 0,31

Hcxonnoe nzobpaxeHue Hcxonnas pasmerka

TekcTypHbIE IPU3HAKU

®ou OD M BV

HcxonHoe nzobpaxeHue HcxonHas pasmeTka

HE SE NC PC

Puc. 5. Ilpumeper ceemenmayuu u306pasdicenuti 21a3Ho20 OHa, NOIYYEHHbIX 8 pe3yibmame dKCnepumMeHma

3aknrouenue

B nanHO# cTraThe NpeacTaBiIeHbl pPe3yIbTaThl IpUMe-
HEHUS! HEHPOCETEBBIX AITOPUTMOB JUIS PELICHHS 3aJadu
CEMAaHTHYECKOH CerMeHTalnd M300paXCHUH TIIa3HOTO
JIHa C BBIPAKCHHBIM IucOanaHcoM kiaccoB. Mcxoxs u3
aHaJIM3a Pe3yNbTaTOB OBLIO BBIICHEHO, YTO HEHPOHHBIE
CeTH TPEBOCXOAAT B TOYHOCTH TEKCTYpHBIC NPH3HAKU.
Bomee Toro, HepoHHBIE CETH MOTYT OBITH MPUMEHEHEI
JUIS CETMEHTALMH M300pakKeHHUH TIIa3HOTO JHA, KOTOpBIE
ObUTM TOJNYYEHBI NPH PA3INYHBIX YCIOBHAX CHEMKH, B
OTJIIMYHME OT TEKCTYPHBIX TPH3HAKOB. lIcrmonb3oBaHue
penoO0yYeHHBIX HEHPOHHBIX CeTel M MX M000ydeHHe Ha
MaJioM Habope JaHHBIX COBMECTHO C HCIOJIb30BaHHUEM
anropuT™Ma OaNaHCHPOBKM W TEXHUK ayIMEHTAIMU I103-
BOJIJIM pa3paboTaTh JOCTATOYHO TOYHBIE AITOPUTMEI

CEMaHTHYECKOW CerMEHTAlMH W300paKeHUI TIIa3HOTO
JIHA TI0 MaJIOMy Ha0opy JaHHBIX.

AJNTOPUTM CerMEHTAIlNH N300pa’keHHH TIIa3HOTO JIHA,
OCHOBaHHBIM Ha HMCIOJb30BAaHUM HEHPOHHOU CETH C ap-
xutektypoir XceptionUnet, MOXKET OBITh UCIIOJIE30BaH B
cHCTeMax TOIAEPKKHM NPUHATHS PpEIICHUH BpadoM-
QUArHOCTOM TpHU HEOOXOMUMOCTH pabOTHl B YCIOBHAX
peaIbHOrO BpEMEHHM 3a CYET HMCHONb30BaHUS rpadude-
CKOT'O YCKOPHTEIIS IT0JIb30BATEIHCKOTO YPOBHSL.

bnazooapunocmu

Pabora BeImOMHEHAa TPU (HUHAHCOBOU TOAICPIKKE
POOU (rpant Ne 19-29-01135), MunucTepcTBa HayKu U
BEIcIIeTO 00pazoBaHus P B pamMkax BHITIONHEHHS padoOT
no rocynapcrseHHomy 3azanuto OHUIL «Kpucramio-
rpadus u poronnka» PAH.

600

Computer Optics, 2022, Vol. 46(4) DOI: 10.18287/2412-6179-CO-1010



HpI/IMeHeHl/Ie HeﬁpOHHLIX ceTel U CEMaHTHYECKON CerMeHTaI[UH I/I306pa>KeHPH\/'I TJIa3HOI'O JHa

Iapunrep P.A. u np.

References

[1] Kermany DS, Goldbaum M, Cai W. Identifying medical
diagnoses and treatable diseases by image-based deep
learning. Cell 2018; 172(5): 1122-1131.

[2] Kozak I, Luttrull JK. Modern retinal laser therapy. Saudi J
Ophthalmol 2015; 29(2): 137-146.

[3] Gafurov SD, Katakhonov ShM, Holmonov MM. Features
of the use of lasers in medicine. European science 2019;
3(45): 92-95.

[4] Ilyasova NYu, Shirokanev AS, Kupriyanov AV, Paringer
RA. Technology of intellectual feature selection for a
system of automatic formation of a coagulate plan on
retina. Computer Optics 2019: 43(2): 304-315. DOI:
10.18287/2412-6179-2019-43-2-304-315.

[5] Ilyasova NYu, Shirokanev AS, Kirsh DV, Demin NS,
Zamytskiy EA, Paringer RA, Antonov AA. Identification
of prognostic factors and predicting the therapeutic effect
of laser photocoagulation for DME treatment. Electronics
2021; 1(12): 1420. DOI: 10.3390/electronics10121420.

[6] Li Z, Liu F, Yang W, Peng S, Zhou J. A survey of
convolutional neural networks: analysis, applications, and
prospects. IEEE Trans Neural Netw Learn Syst 2021: 1-21.

[7] Samek W, Montavon G, Lapuschkin S, Anders CJ, Miiller
KR. Explaining deep neural networks and beyond: A
review of methods and applications. Proc IEEE 2021;
109(3): 247-278.

[8] Rawat W, Wang Z. Deep convolutional neural networks
for image classification: A comprehensive review. Neural
comput 2017; 29(9): 2352-2449.

[91] GuoY, LiuY, Georgiou T, Lew MS. A review of semantic
segmentation using deep neural networks. Int J Multimed
Inf Retr 2018; 7(2): 87-93.

[10] Singh RK, Gorantla R. DMENet: diabetic macular edema
diagnosis using hierarchical ensemble of CNNs. Plos one
2020; 15(2): €0220677.

[11] Cao Z, Hidalgo G, Simon T, Wei SE, Sheikh Y.
OpenPose: realtime multi-person 2D pose estimation using
Part Affinity Fields. IEEE Trans Pattern Anal Mach Intell
2019; 43(1): 172-186.

[12] Apostolopoulos ID, Mpesiana TA. Covid-19: automatic
detection from x-ray images utilizing transfer learning with
convolutional neural networks. Phys Eng Sci Med 2020;
43(2): 635-640.

[13] Ismael SA, Mohammed A, Hefny H. An enhanced deep
learning approach for brain cancer MRI images
classification using residual networks. Artif Intell Med
2020; 102: 101779.

[14] Arellano AM, Dai W, Wang S, Jiang X. Ohno-Machado L.
Privacy policy and technology in biomedical data science.
Annu Rev Biomed Data Sci 2018; 1: 115-129.

[15] Shorten C, Khoshgoftaar TM. A survey on image data
augmentation for deep learning. J Big Data 2019; 6(1): 60.

[16] Castro E, Cardoso JS, Pereira JC. Elastic deformations for
data augmentation in breast cancer mass detection. 2018
IEEE EMBS Int Conf on Biomedical & Health Informatics
(BHI) 2018: 230-234.

[17] Ishwaran H, O’Brien R. Commentary: the problem of class
imbalance in biomedical data. J Thorac Cardiovasc Surg
2021; 161(6): 1940.

[18] Charte F, Rivera AJ, del Jesus MJ, Herrera F. MLSMOTE:
Approaching imbalanced multilabel learning through synthetic
instance generation. Knowl-Based Syst 2015; 89: 385-397.

[19] Pereira RM, Costa YM, Silla CN Jr. MLTL: A multi-label
approach for the Tomek Link undersampling algorithm.
Neurocomputing 2020; 383: 95-105.

[20] Hao D, Zhang L, Sumkin J, Mohamed A, Wu S. Inaccurate
labels in weakly-supervised deep learning: Automatic
identification and correction and their impact on
classification performance. IEEE J Biomed Health Inform
2020; 24(9): 2701-2710.

[21] Tian C, Fang T, Fan Y, Wu W. Multi-path convolutional
neural network in fundus segmentation of blood vessels.
Biocybern Biomed Eng 2020; 40(2): 583-595.

[22] Kaur J, Mittal D. A generalized method for the
segmentation of exudates from pathological retinal fundus
images. Biocybern Biomed Eng 2018; 38(1): 27-53.

[23] Bhagat N, Grigorian RA, Tutela A, Zarbin MA. Diabetic
macular edema: pathogenesis and treatment. Surv
Ophthalmol 2009; 54(1): 1-32.

[24] Gabbasov R, Paringer R. Influence of the receptive field
size on accuracy and performance of a convolutional
neural network. 2020 Int Conf on Information Technology
and Nanotechnology (ITNT) 2020: 1-4. DOI:
10.1109/1TNT49337.2020.9253219.

[25] Ronneberger O, Fischer P, Brox T. U-net: Convolutional
networks for biomedical image segmentation. Int Conf on
Medical Image Computing and Computer-Assisted
Intervention 2015: 234-241.

[26] He K, Zhang X, Ren S, Sun J. Deep residual learning for
image recognition. Proc IEEE conf on Computer Vision
and Pattern Recognition 2016: 770-778.

[27] Krizhevsky A, Sutskever I, Hinton GE. Imagenet
classification with deep convolutional neural networks.
Adv Neural Inf Process Syst 2012; 25: 1097-1105.

[28] Iandola F, Moskewicz M, Karayev S, Girshick R, Darrell
T, Keutzer K. Densenet: Implementing efficient convnet
descriptor pyramids. arXiv preprint 2014. Source:
<https://arxiv.org/abs/1404.1869>.

[29] Chollet F. Xception: Deep learning with depthwise
separable convolutions. Proc IEEE conf on Computer
Vision and Pattern Recognition 2017: 1251-1258.

[30] Ilyasova N, Paringer R, Kupriyanov A, Kirsh D. Intelligent
feature selection technique for segmentation of fundus
images. 2017 Seventh Int conf on Innovative Computing
Technology (INTECH) 2017: 138-143.

[31] MaZda Web Site. Source:
<http://www.eletel.p.lodz.pl/programy/mazda/index.php>.

[32] Wu J, Poehlman S, Noseworthy MD, Kamath MV.
Texture feature based automated seeded region growing
in abdominal MRI segmentation. 2008 Int Conf on
BioMedical Engineering and Informatics 2008; 27(2):
263-267.

[33] Mukhin A, Kilbas I, Paringer R, Ilyasova N. Application
of the gradient descent for data balancing in diagnostic
image analysis problems. 2020 Int Conf on Information
Technology and Nanotechnology (ITNT) 2020: 1-4. DOI:
10.1109/1TNT49337.2020.9253278.

[34] TensorFlow. Source: <https://www.tensorflow.org>.

[35] Lin TY, Goyal P, Girshick R, He K, Dollar P. Focal loss
for dense object detection. Proc IEEE int conf on
Computer Vision 2017: 2980-2988.

[36] Kingma DP, Ba J. Adam: A method for stochastic optimi-
zation. arXiv preprint 2014. Source:
<https://arxiv.org/abs/1412.6980>.

[37] Tang H, Maitre H, Boujemaa N, Jiang W. On the relevance
of linear discriminative features. Inf Sci 2010; 180(18):
3422-3433.

[38] Stone M. Cross-validatory choice and assessment of statis-
tical predictions. Journal of the Royal Statistical Society:
Series B (Methodological) 1974; 36(2): 111-133.

Kowmmnsrorepnas ontuxa, 2022, Tom 46, Ned  DOI: 10.18287/2412-6179-CO-1010 601



http://www.computeroptics.ru Journal@computeroptics.ru

Cseoenus 06 asmopax

Hapunrep Pycram AnexcanapoBud, 1990 roga poxxaenus, DoneHT Kadeapsl TexHmdeckon kubeprHeTnkn Camap-
CKOTO HAIlHOHAJILHOTO HCCIIEI0BATENBCKOT0 YHHBepcuTeTa nMeHn akanemuka C.I1. Koponesa (Camapckuid yHUBEpCH-
TET), HAYYHBIA coTpyaHuK VHCTHTYyTa crcTeM 0O6padoTku nzodpaxkenuii PAH — ¢punmana ®HULL «Kpucramnorpadus u
¢dorornka» PAH. B 2013 rony oxonunn ¢akymnsrer napopmatuku CI'AY. Kanaunar rexanyecknx Hayk ¢ 2017 roxa.
Kpyr Hay4dHBIX HHTEpECOB BKIIOYAET MHTEIUICKTYalbHbIH aHAJHM3 JAHHBIX, PACIIO3HABaHHE 00Pa30B M MCKYCCTBCHHBIC
HeliporHbie cetr. E-mail: rusparinger@ssau.ru .

Myxun Aprem BaagumupoBu4, 1999 roma poxneHus, CTyoeHT ¢dakynpTeTa HHPopMaTuku CamMapcKoro HaIwo-
HAJIBHOTO HMCCIIEJI0BAaTEILCKOTO YHIBepcuTeTa nMeHn akagemuka C.I1. Koponesa (Camapckuii YHUBEPCHTET), CTApIIN
JTa0OpaHT Hay4YHO-MCCIICNOBATENBCKOM JIabopaTopiK aBTOMAaTH3UPOBAHHBIX CHUCTEM HAyYHBIX HcciemoBaHHi. Kpyr
Hay4YHBIX HHTEPECOB BKIIOYACT WHTCIUICKTYyaJbHBIA aHalW3 IAaHHBIX, paclio3HaBaHWE OOpPa3oB M HCKYCCTBEHHBIC
HeliporHbie cetr. E-mail: artemmukhinssau@gmail.ru .

HNabsicoa Hatanss FOpbeBHa, 1966 rona poxaenus. B 1991 roxgy oxonumna ¢ ommmuaneM CamMapcKuii rocynap-
CTBeHHBIN a’poxocmudeckuii yHuBepcuteT nmeHn C.I1. Koponésa (CI'AY). B 1997 roxy 3ammTuina AuccepTaiuio Ha
COWCKAaHNE CTENECHU KaHIUIaTa TEXHHUECKHX HaykK, B 2015 rogy 3amuTnia quccepTanyio Ha COMCKaHUE CTETICHH JIOK-
TOpa TEXHMYECKUX HayK. B HacTosmee BpeMs paboTaeT CTapIinM HayIHBIM COTPYTHHUKOM B YupexxneHun Poccuiickoin
akagemny Hayk MHCTHTYTE cricteM 00paboTku m3o0paxkenuit PAH — ¢unmana ®HUL] «Kpucramtorpadust u poToHn-
ka» PAH u omHOBpemeHHO norieHTOM Kadenpsr Texauueckoir kuoepHetnku CIAY. Kpyr HaydHBIX MHTEPECOB BKITIO-
gaeT MUQPOBYI0 00pabOTKy CHTHAJIOB W M300paKCHUI, aHAIN3 W MHTEPIIPETAINI0 OHOMEIUIIMHCKIX H300pakKeHUi.
Nmeer 6omnee 170 myOmukarwii, Tpu MoHOTpaduu (B coaBTopctBe). E-mail: ilvasova@ipsiras.ru .

Jdevun Hukuta CepreeBud, 1994 roma poxnerus, aciiupanT CaMapcKoro HaIlmOHAIBFHOTO MCCIIEIOBATEIHCKOTO
yHuBepcutera umenu akagemuka C.I1. Koponésa. Cdepa HaydHBIX HHTEPECOB: HHTEIUICKTYaJIbHBIN aHAIN3 MeIULIH-
CKUX M300pakeHmit; udpoBas 06padoTka H300paKeHHIA; MaTEMaTHIECKOE MOJSTNPOBAHNE; pacliO3HaBaHIE 00pa30B U
WCKYCCTBEHHBII nHTEeIUIeKT. E-mail: volfgunus@gmail.com .

I'PHTH: 28.23.14
IHocmynuna 6 peoaxyuio 9 utona 2021 2. Oxonuamenvhuwviii apuanm — 25 noabps 2021 e.

602 Computer Optics, 2022, Vol. 46(4) DOI: 10.18287/2412-6179-CO-1010



Neural network application for semantic segmentation of fundus

R.A. Paringer'?, A.V. Mukhin', N.Y. Ilyasova'?, N.S. Demin '?
! Samara National Research University, 443086, Samara, Russia, Moskovskoye Shosse 34,
2 IPSI RAS — Branch of the FSRC “Crystallography and Photonics” RAS,
443001, Samara, Russia, Molodogvardeyskaya 151

Abstract

Advances in the neural networks have brought revolution in many areas, especially those relat-
ed to image processing and analysis. The most complex is a task of analyzing biomedical data due
to a limited number of samples, imbalanced classes, and low-quality labelling. In this paper, we
look into the possibility of using neural networks when solving a task of semantic segmentation of
fundus. The applicability of the neural networks is evaluated through a comparison of image seg-
mentation results with those obtained using textural features. The neural networks are found to be
more accurate than the textural features both in terms of precision (~25%) and recall (~50%).
Neural networks can be applied in biomedical image segmentation in combination with data bal-
ancing algorithms and data augmentation techniques.

Keywords: convolution, neural network, convolutional network, segmentation, fundus.

Citation: Paringer RA, Mukhin AV, Ilyasova NY, Demin NS. Neural network application for
semantic segmentation of fundus. Computer Optics 2022; 46(4): 596-602. DOI: 10.18287/2412-
6179-CO-1010.

Acknowledgements: This work was funded by the Russian Foundation for Basic Research un-
der RFBR grant No. 19-29-01135 and the Ministry of Science and Higher Education of the Rus-
sian Federation within a government project of Samara University and FSRC “Crystallography
and Photonics” RAS.

Authors’ information

Rustam Alexandrovich Paringer, (born 1990), received Master’s degree in Applied Mathematics and Informatics
from Samara State Aerospace University (2013). He received his PhD in 2017. Associate professor of Technical Cyber-
netics department of Samara National Research University and researcher of IPSI RAS — Branch of the FSRC "Crystal-
lography and Photonics". Research interests: data mining, machine learning and artificial neural networks.

E-mail: rusparinger@ssau.ru .

Artem Vladimirovich Mukhin, (born 1999), student of Samara National Research University. Senior laboratory
assistant at the research laboratory of automated research systems of Samara National Research University. Research
interests: data mining, machine learning and artificial neural networks. E-mail: artemmukhinssau@gmail.ru .

Nataly Yurievna Ilyasova (born 1966), graduated with honors from S.P. Korolyov Samara State Aerospace Uni-
versity (SSAU) (1991). She received her PhD (1997) and DSc (2015) in Technical Sciences. At present, she is a senior
researcher at the IPSI RAS — Branch of the FSRC "Crystallography and Photonics", and holding a part-time position of
Associate Professor at SSAU’s Technical Cybernetics sub-department. The area of interests includes digital signals and
image processing, pattern recognition and artificial intelligence, biomedical imaging and analysis. She’s list of publica-
tions contains more than 170 scientific papers and 3 monographs published with coauthors.

E-mail:ilyasova@ipsiras.ru .

Nikita Sergeevich Demin (born 1994), graduated (2019) with a master’s degree in Applied Mathematics and In-
formatics. At present he is a postgraduate student of Samara University. The area of interests includes digital image
processing, mathematical modeling, pattern recognition and artificial intelligence. E-mail: volfgunus@gmail.com .

Received July 9, 2021. The final version — November 25, 2021.




