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Pe3tome. PaboTa nocssieHa MOCTPOSHNUIO MOJICIH CBEPTOYHON HEHPOHHOM CeTH Ui pacrlo3HaBaHUs
MEAULUHCKUX N300paXeHuil Ha mpuMepe 0a3bl PEHTT€HOBCKUX CHUMKOB NAILIMEHTOB C YCTAHOBJICHHBIM
JMAarHo30M omyxodib Mo3ra. IIpennoskeHa Moiens CBEPTOYHOM HEMPOHHOM CETH, apXUTEKTYPa KOTOPOi
BKITIOYAET /IBa CBEPTOYHBIX CJIOS M OJMH IOJHOCBS3HBIN cioil. [IpoBeseHO cpaBHEHUE pe3ylbTaToB
JOCTOBEPHOCTH ¥ TOYHOCTH IIOCTPOSHHOTO KITacCH(PHUKaTOpa ¢ pe3yabTaTaMH, OTy4IeHHBIMH Ha OCHOBE
npeaBapuTeabHo 00ydeHHbIx mozaeneit VGG-16, VGG-19, Inception-V3, InceptionResNet-V2, ResNet-
50, ResNet-152 u Xception. Paccmorpennbsie mogenu CNN Ha TecToBOM Ha0Ope JaHHBIX JAOCTHUIIIH
JIOCTOBEPHOCTH paciio3HaBaHusi n3oopaxenui ot 95.36 % mo 98.84 %. Haussiciieil 1oCTOBEPHOCTH
PE3YIIbTAaTOB B PEIICHUH 33/]Ja4H PACIIO3HABAHUS OIMTyX0odu Mo3ra nocturim mogenu VGG-16, VGG-19,
Xception u npemioxxeHHast MoAenb. OnHako BpeMsi 00ydeHHsI OCTPOCHHBIX MOJENECH pa3anyaeTcs B
3aBUCHMOCTH OT apXUTEKTypbl HelipoHHOH cetu. [Ipu atom mnsa mpemioxennoit monenu CNN He
BBISIBICHHBIX IIPU3HAKOB 3a00JIeBaHUs cpeand OOpas3LoB PEHTTEHOBCKUX CHUMKOB IIALIMEHTOB C
YCTaHOBJICHHBIM JUAarHO30M OILyXO0Jb Mo3ra oka3zanock 0.783 %. [Ipeanoxennas HelipoceTeBast MOJeENb
MOJKET BBICTYIIATh KakK I[OHOJIHHTCJILHLIﬁ HWHCTPYMCHT Bpayda IpHU AUATHOCTHUKE OITYyXOJIM I'OJIOBHOTI'O
Mo3ra. BHeapeHne anropuTMOB KOMITBIOTEPHOTO 3PEHHUS B €KEAHEBHYIO PabOTy Bpada IMO3BOJHT
OTIEPAaTUBHO MPOBECTH N00OCIEAOBAaHHE MAlMEHTa, IOCTaBUTh IUArHO3 U CBOEBPEMEHHO MPOBECTH
nedeHne. [IpuMeHeHHE CEpBHCOB HAa OCHOBE AJTOPUTMOB HMCKYCCTBEHHOTO HHTEIUIEKTa CIIOCOOHO
COKpaTUTh o6mee BpEMs Ha MPOBCACHUEC NUATHOCTUUYCCKUX I/ICCHe}lOBaHHﬁ, BbIIBUTH IIATOJIOTUH Ha
paHHed cTamuu 3a0oyieBaHMA M C OOJIbLIEH BEPOATHOCTBIO OXMIATh, YTO JICYEHHE IPHUBEHCT K
MOJIOKHUTENbHBIM PE3yJIbTaTaM.

Knrouesvle cnosa: CBepTOUHBIC HEHPOHHBIC CETH, PACIO3HABAHHME W300pakKeHUH, KiIacCU(pUKAIUS
M300paKEHUH, OTTYXO0JTb MO3Ta, MPeI00yUeHHbIC HEHPOHHBIC CETH.
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Neural network models in the problem of medical images
classification
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Abstract: The research is devoted to the construction of a convolutional neural network model for
recognizing medical images on the example of X-ray images database of patients with an established
diagnosis of brain tumor. The convolutional neural network model is proposed, the architecture of which
includes two convolutional layers and one fully connected layer. The accuracy results of the proposed
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classifier and accuracy results of the pre-trained models VGG16, VGG19, Inception-V3,
InceptionResNet-V2, ResNet50, ResNet152 and Xception are compared. The considered CNN models
on the test dataset achieved the image recognition accuracy from 95.36% to 98.84%. The highest
accuracy of the results in solving the problem of recognizing a brain tumor was achieved by the models
VGG 16, VGG 19, Xception and the proposed model. However, the training time of the constructed
models differs depending on the architecture of the neural network. At the same time, for the proposed
CNN maodel, there were 0.783% of not detected disease signs among the X-ray samples of patients with
an established diagnosis of a brain tumor. The proposed neural network model can act as an additional
tool for a doctor in the diagnosis of a brain tumor. The introduction of computer vision algorithms into
the daily work of a doctor will make it possible to promptly carry out an additional examination of the
patient, make a diagnosis and administer treatment in a timely manner. The use of services based on
artificial intelligence algorithms can reduce the total time spent on diagnostic studies, identify
pathologies at an early stage of the disease and are more likely to guarantee that treatment will lead to
positive results.

Keywords: convolutional neural networks, image recognition, image classification, brain tumor,
pretrained neural networks.

For citation: Shchukina N.A. Neural network models in the problem of medical images classification.
Modeling, Optimization and Information Technology. 2021;9(4). Available from:
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BBenenune

B mnactosimmee Bpems nu@poBble H300pakeHUS B cdepe METUIMHBI BCE 4Yallle
WCIIONB3YIOTCS JJIi TUArHOCTUKU DPAa3jIMYHBbIX TaTojioruil. PaHHee BBISBICHUE OMyXOJIeH
TOJIOBHOTO MO3Ta BaXHO sl A PexTuBHOTO jieueHus 3aboneBanus. OMHAKO Kiaccuukanys
OIlyXOJI€H TOJIOBHOTO MO3ra He SIBJSETCS TPUBHAIbHOHN 3amaueid. OOIIENPUHATHIM METOAOM
BBISIBJICHHSI U KJTAaCCHU(PUKAIIMU OITyXOJIel TOJIOBHOTO MO3ra sIBJsieTcs 00cieI0BaHue YeIoBeKa,
KOTOPO€ B 3HAYUTEJIIBHOW CTENEHH 3aBUCUT OT OIbITa PEHTICHOJOTOB, KOTOPHIC
paccMaTpuBalOT M AHAIM3HPYIOT XapaKTePUCTHKU H300paxeHHi. Kpome TOro, meToss
KJIaCCU(PUKALIMKA C TIOMOIIBIO OMepaTopa HEMPAKTHUYHBI JIJIsi OOJBIIUX OOBEMOB HAaHHBIX H
TaKkk€ HEBOCIPOW3BOAUMBL. [lodTOMYy [uIsi pemieHust 3TUX TpoOsieM KpaifHe >KelmaTelbHO
WCIIOBh30BaTh CPEJCTBA KOMIBIOTEPHON JUArHOCTUKHU. s KiaccuUKauu OImyXoJeu
TOJIOBHOT'O MO3Ta KaK MPaBHJIO PEIaloT ABE pa3HbIe 3aaul: KiacCupUKalrs N300paxeHui Ha
HOPMAaJIbHBIE M aHOMAJIHHBIEC KJIACCHI U KJIaCCHU(UKAINSA aHOMAJIbHBIX H300paKeHUH Mo3ra 1o
Pa3IMYHBIM THIaM HaTOJOTHUM.

Bce Bubl omyxosieit Mo3ra npecTaBisioT CEphe3HYI0 YTPpo3y 3/10POBBI0, TaK KaK MO3T
KOHTpOJHpyeT Bce pyHKIMU opraHu3Ma. Kak moOpokauyecTBEHHBIC, TaK U 3I0KAYECTBEHHBIE
HOBOOOpA30BaHMS MO3ra MOTYT B 3HAUUTEIILHOW CTENEHM HapymiaTh (YHKIIMH OpraHu3Ma U
OBITH cMepTeNbHBIMU. OMyX0IU TOJIOBHOTO MO3Ta AMATHOCTUPOBATH JOCTATOYHO CIIOKHO, TaK
KakK OOJIBIIMHCTBO CUMIITOMOB 3a00JIEBaHUSI MOTYT OBITH OIIMOOYHO MPHUHSATHI 32 CUMIITOMBI
MeHee cephe3HbIX 3a0oneBanuil. [IoaTOMy THarHOCTHKA OMyXO0JIM TOJIOBHOTO MO3Ta Ha paHHEH
CTaJMH Ba)KHA. DTO TIO3BOJISIET C OOJIBbIIIEH BEPOSATHOCTHIO OKHUJIaTh, UTO JICUCHUE TIPUBECT K
MOJIOKUTETTBHBIM pe3yibTrartaM. [lo3nuue craguu 3a0oeBaHus TPYIHO MOATAIOTCS JICUCHUIO,
a camo JIeYeHHWE MOXKET MPUBECTH K MOOOYHBIM PEAKIUSAM WM TOBPEKICHUSM TOJIOBHOTO
MO3ra.

B nHacTosmee BpeMst BO3MOKHOCTH MPUMEHEHHS JITOPUTMOB MAIIMHHOTO OOyYEeHHS 1
rIIyOOKUX HEHPOHHBIX ceTed A 00paboTKM METUIIMHCKUX H300paKEHUN TOCBSIIEHO
OOJIBIIIOE KOJIMYECTBO PA3IMYHBIX HCCIEIOBAaHWNA. MeTonbl TiyOOKOro OOydYeHHUs ITHPOKO
MIPUMEHSIFOTCS. I OOHApYKEHHsI M CETMEHTAllMd BHYTPEHHUX OPraHOB M HMX MaTOJOTHMA
[1,2,3,4,5]. OgHO#t M3 CHOKHOCTEH TPUMEHEHHUS METOJIOB MCKYCCTBEHHOTO HWHTEIUIEKTAa B
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chepe MEAMIMHBI, C KOTOPOM CTaJKMBalOTCA OOJBIIMHCTBO HCCIEIOBATENEH, SBISIETCA
HEJ0CTATOYHBIA 00beM BXOJIHBIX JAHHBIX JIJISI O0yUEHUS] IPUMEHSIEMBIX aJlTOPUTMOB, a TAKKE
KaueCTBEHHOE OIHCaHUE pe3ylbTaTOB MEIULUHCKUX oOciefoBaHUN ans  Oyayuieit
knaccupukanud. OTHUM U3 PEIIeHUH MPOOIEMbI MOBBIMICHUS TOYHOCTH PACIIO3HABAHUS
M300paKeHUI MpU HEeAOCTaTKE BXOJIHBIX JaHHBIX sIBIsieTcs nepeHoc oOydenus. Kak mpasuiio,
MCCJICIOBATENI HCIIONB3YIOT HauOoJee M3BECTHBIE MOJEIU CBEPTOUYHBIX HEHUPOHHBIX CETEH,
00yYCHHBIX Ha MUJUTHOHAX Pa3IMYHBIX H300pakeHuii, cpeau kotopeix VGG-16, VGG-19 [6],
Inception-v3 [7], ResNet 50 [8], EfficientNet [9] u apyrue.

B wuccnenoBanum [10] aBTopam Ha mpumepe apxutektyp AlexNet, GoogleNet u
VGGNet meronamu mepeHoca oOydeHHUs yIanoch aooutbes 98.69 % nocroBepHOCTH
pacro3HaBaHMs OITyX0JICH TOJIOBHOrO Mo3ra it apxuTekTypsl VGG-16. B nccnenoBanuu [11]
aBTOPBI IIPEIIIOKHUINA MOJIEIIb CBEPTOYHOM HEMPOHHOM CETH, IIOKA3aBIIEH JIYYIINE PE3YIbTaThl
KiaccupuKalud H300paKeHU PEHTreHOBCKUX CHHMKOB IAllMEHTOB C YCTaHOBJIEHHBIM
JUArHO30M OITyXOJIb TOJOBHOTO MO3Ta MO CPaBHEHUIO C TMPEABAPUTEIHHO OOyYCHHBIMH
mozensmu VGG-16, ResNet-50 u Inception-v3. Takum o6pazom, epeHoc 00ydeHus He Bceraa
MO3BOJISICT JIOCTHYh HaWOOJbIIEH JOCTOBEPHOCTH W TOYHOCTH Kiaccudpukaropa. s
HEeOO0JIBIIOro 00beMa BXOIHBIX JAHHBIX MPOLIEAypa ayTMEHTAIlUU TTO3BOJISET TOCTUYD JIYUIITUX
Pe3yIbTATOB.

Llenpto uccienoBaHUS SBISETCS CO3JAHUE CBEPTOYHOM HEWPOHHOM CeTH JyIs
KJIAaCCU(UKAMA PEHTTEHOBCKUX CHHMKOB TOJIOBHOTO MO3ra, OOJIQJarolield BBICOKOM
TOYHOCTBIO PACIO3HABAHUS M CKOPOCTHIO 00yueHus. Takke mpoBeneM cpaBHEHUE PE3yJIbTaTOB
JIOCTOBEPHOCTH ¥ TOYHOCTH MOCTPOCHHOTO KJIacCH(UKATOpa C Pe3ysIbTaTaMu, IMOJTyICHHBIMHU
HAa OCHOBE IpelBapuTeNbHO 00yueHHbIX Momeneit VGG-16, VGG-19, Inception-V3,
InceptionResNet-V2, ResNet-50, ResNet-152 u Xception [12].

MaTepI/laJILI H METObI

Habop nmanHbIX juis uccienoBaHusi cocToMT u3 4600 pPEHTrEeHOBCKMX CHUMKOB
TOJIOBHOTO MO3ra, IPEICTABICHHBIX B pa3HbIX pakypcax [13]. Bce qanHbIe pa3MeueHsbl, TO €CTh
orpesiesieHbl METKH M300pakeHUM, COOTBETCTBYIOUIMX 3J0POBOMY IMAlIMEHTY W MAlMEHTY C
YCTQHOBJICHHBIM JIMarHO30M OITyXOJIb TOJIOBHOTO Mo3ra. Beero B Habope npezacrasieHo 2087
CHUMKOB 3/I0POBbIX MalMEHTOB M 2513 CHHMMKOB HAalMEHTOB C 3JI0KaueCTBEHHBIMU
HOBOOOpa3zoBaHusAMU. [IpeacTaBneHHBIH HaTaceT sBISETCS HecOAllaHCHPOBAHHBIM, TaK Kak
COJIEP’KUT PA3IMYHOE YHUCIO CHHUMKOB KaXJOro Kjacca, 4YTO HENPEMEHHO YXYJIIAaeT
pacro3HaBaTeIbHYI0 CIIOCOOHOCTh aJrOPUTMOB IIyOookoro o0yuenus. [Ipumep nzoOpaskeHui
0a3bl TaHHBIX MpecTaBieH Ha Pucynke 1.

Jns pemenus 3anaun Kiaccuukaiuy onpeaenuM aBa Kiacca n3oopaxenuit: kimacc 0
— MalMEeHT 3JI0pOB, Kiacc | — IMarHOCTUPOBAHO 3J0KAUYECTBEHHOE HOBOOOpaszoBaHue. J[is
MpaBWIbHON pabOThl HEWPOHHOH CeTH HEO0OXOIMMO TMOJaBaTh BXOJHBIE IaHHBIE B BUJC
BEKTOpa ¢ KoopauHaTamu B uHTepBase [0; 1]. s aToro npeactaBuM BXOIHBIE H300paKEeHUS
B BHJIe T€H30pa pasMepHOCcTU 244x244x3. ]JInsi HOpPMHUPOBKU JAHHBIX MUCIOIB3YEM MPOCTYIO
MPOLEIYPY U pA3AEITUM KaKIyI0 KOMIOHEHTY BXOJIHOIO BEKTOpa Ha 255, 4TO COOTBETCTBYET
MaKCUMaJbHOM WHTEHCUBHOCTM LBeTa. Ha BBIXOJE MOJyYHMM BEIIECTBEHHBIE YHUCIA B
nuanazone oT 0 mo 1. Takum oOpa3om, mojgydaeM MOATOTOBJICHHBIA HA0Op MAHHBIX MJIS
MOCTPOEHHUsI HeWpoHHOW ceTH. Pa3menum Bech Ha0Op MAaHHBIX Ha OOydYaroIylo,
BAJIMJAIIMOHHYI0 M TECTOBYIO BBIOOpKH. B oOyuaromryto BeiOOpky BkmounMm 70 % Bcex
n3o00pakeHui, 1. €. 3220 00pa31oB, BEIOPaHHBIX CIy4allHBIM 00pa3oM u3 Bcero Habopa. [l
BAJIMAIIMN 3 O0YYAIOIIET0 MHOYKECTBA BhIOepeM cirydaitHbIM 00pa3om 20 % nzobpaxenuii. B
BBIOOPKY JUTsl TECTUPOBAHUS BKJIOUaeM octapiuecs 1380 peHTreHOBCKMX CHUMKOB.
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Pucynok 1 — I[Ipumepsl n300paskeHni pEeHTTEHOBCKUX CHUMKOB T'OJIOBHOT'O MO3Ta
Figure 1 — Examples of brain X-ray images

HcrouHuk: cocTaBiieHo aBTOpOM
Source: Author

HaubGonee »ddexktuBHON 151 pacro3HaBaHUS M300paKEHUN SIBISETCS apXUTEKTypa
cBeprouHoii HelpoHHOW cetu (Convolutional Neural Networks, CNN). CpepTouHble
HEHpPOHHBIE CETH OOBIYHO COCTOAT M3 TPEX OCHOBHBIX THIIOB CJOEB: CIOEB CBEPTKH, CIIOEB
MyJIMHTa ¥ TOJHOCBSI3HBIX ciioeB. OCHOBHOE Ha3HAYEHUE CBEPTOYHOIO CJI0S 3aKIHYaeTcs B
BBIJICJICHUU OCHOBHBIX MPU3HAKOB M300pakeHUs U cHOPMHUPOBAHHE TaK HAa3bIBAEMON KapThl
npu3HakoB. OCHOBHOE Ha3HAYEHHUE CJIOSl MYJMHIAa — YMEHBIIEHHUE NMPOCTPAHCTBA MPU3HAKOB
IpU cOXpaHEeHUM HauOosee BakHOW HH(popmarmu. Hambonee vacto ucmonbiyercs cioi
MakcnyJIMHra. [10JTHOCBA3HBIN €101l — CIIOM, BBIXOAHBIE HEUPOHBI KOTOPOIO CBSI3aHBI CO BCEMHU
BXOJIHBIMH HepoHamMH. Eciiu MOJHOCBSA3HBIN CJI0M HAXOIUTCS B KOHIIE IPOEKTUPYEMOU CETH
nepest CIoeM KJIacCU(pUKALNUU, TO KOJTUYECTBO BHIXOJHBIX HEHPOHOB JI0JIKHO COOTBETCTBOBATH
KOJINYECTBY BBIXOAHBIX KJIACCOB ceTH. B kauecTBe (DyHKIMM aKTHUBAIMM CJIOS, B KOTOPOM
HCIIONIB3YETCS MO3JIEMEHTHAsI HEIMHEWMHOCTh, OyeM ucronb3oBath pyHkiuio ReLLU (Rectified
Linear Unit):

X, x>0,
f@=mx@n=={y ¢ €
IZie X — 3HaY€HHE BXOJHOI0 HEMpOHA Ha BXO/I€ TIOJIHCBSI3HOTO CIIOS.

Jns pemenus 3amgaun kiaccuukanuu U300pakeHUH TAIMEHTOB C YCTAHOBJICHHBIM
JIMarHO30M OIlyXOJIb MO3ra IOCTPOUM IPOCTYH0 apXUTEKTYpPy CBEPTOYHON HEMPOHHOM CETH,
IIPEICTABICHHON JIByMsl CBEPTOYHBIMU CIIOSIMM U OIHHMM IIOJIHOCBSI3HBIM cioeM. Ha Bxon
HEUPOHHOM CETH MOJal0TCsa n300paxkeHus B Buae Habopa RGB nukceneit, koTopsie comepxar
uHTeHCUBHOCTh KpacHoro (Red), zemenoro (Green) m cunero (Blue) uBeroB. Paznmunbie
COYETaHMSI TUX IIBETOB MO3BOJISIOT CO3/1aTh BECh HAOOP IIBETHOTO crieKTpa. To ecTh BXOIHOM
CIJIOM CBEPTOUHOM HEHPOHHOI ceTH mpeacTaBiseT codoi Marpuiy pazmMepHoctd WxHxD, rioe
W — mmpuna uzoOpaxenusi, H — Bbicota usoOpaxkenusi, D — rioyOuHa, T.e. KOJIUYECTBO
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[[BETOBBIX KaHAaJIOB. /laiee TpexMepHbIi TEH30p MMOCTYMAET Ha CJION CBEPTKH Pa3MEPHOCTH 3x3
¢ ynciaoM GUIbTPOB 32, MOCiE MPOXOKIACHHSI KOTOPOTO BBIXOIHOM TEH30p MOCTYIAET Ha CIIOH
nynuHra. byjaeM ucnosiap30BaTh ClION MakCIyJIMHTa C YMEHBIIIEHUEM Pa3MEpPHOCTH B JIBa pasa,
T.e. OyzeM paccMarpuBaTh pa3OMeHHE MaTpUIbl MPEIbIAYIIero €08 Ha MOAMAaTpPUIIbI
pasmepHocTH 2x2. CBEpTOUYHBIM CIOW W CJIOW MAKCIyJIMHTa TOBTOPSIFOTCS M CXKaToe
n300pakeHUE MOCTYINAET Ha MOJHOCBS3HBIA cio ¢ 128 HelipoHamM, Ha BBIXOJIE KOTOPOTO
HMeeM JIBa HEHpPOHA 110 YHMCITy KIaccoB. APXUTEKTypa NPEI0KEHHON MOJIEIH IIpeICTaBIeHA
Ha Pucynke 2.

CBEPTOYHbIN NONHOCBA3HbINA
Mazgog):c;iwe en max pooling CBEPTOYHbII cAoH ,
p . BleOﬂ,tIOM
max pooling chon
0
= Knacc
G —
,,,,,,,,,,,,,,,,,, =
/ 59 *59*32 Knacc 1
244%244% 121%121*32 119*119*32
242%*242%*32
42%242%3 128
HeipoHoB

Pucynok 2 — Apxurekrypa npemioxennoit mogenn CNN
Figure 2 — Architecture of the proposed CNN model
HcToyHHUK: cOCcTaBIeHO aBTOPOM
Source: Author

[To pe3ynbTatam 0OyueHHs HEHPOHHON CETH COCTaBMM MaTpuily ormbok (confusion
matrix), BKJIOYArOIEH YeThIpe OCHOBHBIC OICHKHU KJIACCH(UKAIIMHA: HCTHHHO MOJIOKUTEIbHBIC
(True Positive, TP), noxxuomnonoxurensHeie (False Positive, FP), nosknoorpuniarensusiii (False
Negative, FN) u ucturno orpuniatensabie (True Negative, TN). Matpuiia omm00K mo3BoJIseT
OLICHUTh HE TOJIBKO OINMOKH, CIIeJIaHHBbIC KIACCHU(DUKATOPOM, HO W OINPENCIUTh THUI ITHX
omuOok. Kaxapiit cronbder MaTpuilbl OIIMOOK COOTBETCTBYET (PAaKTUUECKOMY KJIacCy, KaXKaas
CTpOKa COOTBETCTBYET MPOTHO3MpyeMOMy kiaccy. OOmmii BUA MaTpPUIBl  OMIMOOK
npencrasieH B Tabnuue 1.

Tabnuna 1 — OOt BUI MaTPHUITLI OITHOOK
Table 1 — General view of the confusion matrix

[IporHo3upyeMsblil Kiace

Kkaacc 0 knacc 1
HcTuHHBIN K1acc knacc 0 TN FP
kiacc 1 FN TP

[TonydeHHbIE  OIEHKM  TO3BOJIIIOT  BBIYMCIUTH  XAPAKTEPUCTHKH  KadecTBa
kinaccudukaropa: ACCUracy (mocToBepHOCTh, akkKypatHocTh); Recall, wmm  Sensitivity
(mosHOTA, YyBCTBHTENLHOCTB); Specificity (cneumduunocts); Precision (tounocts), F-score
(F-mepa) o ciexyromum popmynam:

y _ TP+ TN )
CCUracy = Tp ¥ TN + FP * FN’
Recall = Sensitivity = (3)

TP+ FN’
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S . . .t — TN (4)
pecificity = TN+ FP’
P . . — TP (5)
recision = o0,
2TP 2Sensitivity - Precision
F — score = = (6)

2TP + FP + FN ~ Sensitivity + Precision’

F-mepa npencraBiser co0oil cpeHEe TApMOHUYECKOE MEXKIY TOJTHOTOM M TOUHOCTHIO
KJIacCU(UKATOPA U TIO3BOJISIET OJHOBPEMEHHO M3MEPSTh MOJHOTY M TOYHOCTh U yIOOHA IS
CpaBHEHUS MOJICIICH.

Pe3yabTaThl U 00Cy:KI€HUE

[IpoBenem oOyueHue MNpeUIOKEHHOW Mojenu. B kauecTBe MeTona ONTHMHU3ALUHU
TPaJMEHTHOTO aJropuT™Ma BbIOEpeM omnrtumuzaTop adam [14] — MeTon CTOXacTHYECKOTO
IPaIMeHTHOTO CITyCKa, OCHOBAaHHBIM HAa a/JIaiTUBHON OLIEHKE MOMEHTOB IIEPBOTO M BTOPOTO
MOPSAJIKA, KOTOPBIM IOAXOMUT JJIs HecTalMoHapHBIX 3amad. [lapamerp batchsize, T. e.
KOJIMYECTBO O0YYarOUIMX MPUMEPOB 32 OJUH MPOXOJ BIEepe]/ Ha3all, yCTAHOBUM PaBHBIM 32.
Heiiponnas cerb Oyner oOywarbcsi makeTaMu, T. €. MOCIE KaxabIX 32 u300pakeHHil Beca
MIOJTHOCBSI3HOM HEHPOHHOW ceTH OyAyT KOPPEKTUPOBAThCS. KOMIBIOTEpHYIO peann3aluro
MoOJIeNH TIyOOKOro o0ydeHHs MpoBeneM ¢ moMolbio oudauoreku TensorFlow Python. Bcee
OKCIIEPUMEHTHl 10 OOYyYeHHMIO MOAEJel TMpOBEIEeM C HCHOJIb30BaHHEM HOYTOyKa C
nporteccopom Intel Core 17 2.4 GHz u 8 I'b 1600 MHz DDR3. KonruecTBO 310X 71t 00y4ISHUS
3aBUCHT OT MOMEHTa Hayaia rnepeoOyueHus cetu. [Iponecc o0ydeHuss MOCTPOSHHON MOJEIH
OyZeM OCTaHABIMBaTh 0 OTCYTCTBUIO YBEIMUYCHHS JOCTOBEPHOCTH Ha BAIMJAIIMOHHOMN
BBIOODKE B TEYCHHWE TpeX OdnoxX. B kadectBe ¢(yHKIMH mOTEph BBIOEpEM (YHKIUIO
KaTeropuaNbHON KPOCC-dHTPOIUH, T. K. OHA JIy4llle MOAXOAMT JUIA 3a/a4 MHOXKECTBEHHOMH
knaccuukanuu. ['paduku QyHKIMHA TOTEpr W AOCTOBEPHOCTH Ui oOydaromed u
BAIUIAIMOHHON BBIOOPKH, TIOTYYECHHOH MPU OOYUCHHUHU MPEIIOKESHHON MOCIH, TIPHUBEICHBI
Ha Pucynke 3.

Training and Validation Accuracy 10 Training and Validation Loss

100 —— Training Loss
Validation Loss

0.8
095

0.6

Accuracy
Loss

04
0.85

02
0.80
— Taining Accuracy

Validation Accuracy 00

0 1 2 3 a 5 6 0 1 2 3 3 5 6
Epoch Epoch
Pucynoxk 3 — I'paduku 1ocTOBEpHOCTH (aKKypaTHOCTH) U (GYHKLHMH MOTEph 00ydarouei u
BAIMJAIIMOHHON BBIOOPOK MPeIOKEHHON MOIeNn
Figure 3 — Graphs of accuracy and losses of training and validation samples of the proposed model
HcTouHUK: COCTaBIEHO aBTOPOM
Source: Author

Kak BunHo u3 PucyHnka 3, 10cTOBEpHOCTH (aKKYpaTHOCTB) /17151 00yyaromieil BHIOOPKU 1

BBIOOPKH BaIMJAIMU IOcIe OOy4eHHUs MPaKTUYEeCKH OJuHaKoBas. PacxoxneHus rpadukoB
GbyHKIMH noTeph A o0yyaroueil ¥ BaluIallMOHHON BBIOOPKM HE HaOJI0/1aeM, YTO TOBOPUT
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00 otcytcTBum 3¢ dekTa nepeodyueHus cetu. s oOydaromield BHIOOPKH MOTEPU COCTABHIIH
4.4134-10*, akxypaTHOCTB (1OCTOBEpHOCTB) coctaBmia 1.0000, 4TO CBHAECTENBCTBYET O
BBICOKOM KauecTBe OOyd4eHHsi HeHpoHHOH ceru. Ha BanmmpanmoHHOW BBIOOpKE BEIHMUYMHA
dbyuknum moreps nociie 0oyuenus cocrasuia 0.0650, akkypatHocts — 0.9826.

Ha TectoBoM Habope HaHHBIX JOCTOBEPHOCTh (AKKYpaTHOCTh) Kiaccu(ukaTopa
coctaBmia 0.9884058, 4To CBUIETEILCTBYET O BHICOKOM KAa4eCTBE OOYyUCHHSI HEHPOHHOM CETH.
OneHuM pe3ynbTaThl paclo3HABaHUSI U300pAKCHU PEHTTEHOBCKUX CHUMKOB ITAIIICHTOB 1O
Matpule omubok. B wuccregyemom Habope naHHBIX HabOmogaercst nucOanaHCc, TO €CThb
KOJINYeCTBO 00pa3IoB B KJIacce 370POBBIX ManueHToB (kiaacc () MeHbIle, yeM o0pas3ioB B
KJIacce MAlMEHTOB C YCTAaHOBJIEHHBIM JMAarHO30M OIyXoib Mo3ra (kiacc 1). Ilpu cinyuaiinom
oTOope 00pa3oB U300paKEHUI B TECTOBYIO BBIOOPKY Bomwio 1380 00pa3iioB peHTTEHOBCKUX
CHUMKOB, U3 KOTOpPbIX 614 pEHTreHOBCKHX CHHUMKOB COOTBETCTBYIOT CHHMMKaM 3J0POBBIX
MalUEeHTOB U 766 CHUMKOB MAIlMEHTOB C YCTAHOBJICHHBIM JHMArHO30M OIyxoJib Mo3ra. Ha
Pucynke 4 npencrasieHna MaTpuiia olMOOK pe3ybTaTOB paboThl IOCTPOCHHOM HEHpOoCceTeBOi
MOJIETIH.

- 700
- 600
- 500
- 400
- 300
- 200

- 100

0 1

PucyHnok 4 — Marpuiia omm6ok rpeioxerHoi mogenn CNN
Figure 4 — Confusion matrix of the proposed CNN model
HcToYHUK: COCTaBIEHO aBTOPOM
Source: Author

Buauwm, uro u3 614 u3o0paxeHui 310pOBBIX MAIMEHTOB, OTOOPAHHBIX JJISI TECTOBOM
BbIOOpKH, 10 00pa3umoB ObUIM pacrio3HaHbl HEBEPHO, T. €. HEHpOHHAs CeTh OTHecaa 3TH
M300paXk€HUs] PEHTI€HOBCKMX CHHMMKOB K KJlacCy 1, T. €. K MalueHTaM C YCTaHOBJIEHHBIM
JIMarHO30M OMyXoJb Mo3ra. M3 766 n3o0pakeHuil MaueHToB ¢ yCTaHOBJICHHBIM JHAarHO30M
OIlyXO0JIb MO3Ta, 0TOOpaHHBIX /ISl TECTOBOI BEIOOPKH, 6 00pa3ioB ObLIIN pacro3HaHbl HEBEPHO,
T. €. HEHPOHHAs! CeTh OTHEC/IA ATH N300pakeHHsI PEHTT€HOBCKUX CHUMKOB K KJIACCy 310pPOBBIX
MAlMEHTOB, T. €. HEMpPOHHAs CeTh HE CMOrJja BbIIBUTH Hauboyiee XapaKTepHbIE MPU3HAKU
3aboneBanus. TakuM o0pa3oMm, MoOXeM cka3aTh, 4To 1.629 % o00pa31oB pPEHTI€HOBCKHX
CHUMKOB 3JIOpPOBBIX MalMeHTOB ObulM KiaccuduuupoBanbl HeBepHO U 0.783 % cHHUMKOB
MAIMEHTOB C YCTAaHOBJIEHHBIM JHAarHO30M OMYXOJb MO3ra HE ObUIM BBISBICHBI HEHPOHHOMN
CEThIO.

Jns oueHku kayectBa OOyueHHs NMPENJIOKEHHOM MOJEIM CPaBHUM IOJyYEHHbIE
pe3yNbTaThl € pe3yabTaTaMyu 00y4eHHUs HEHPOCETEBBIX MOIENIEH, TPEIBAPUTENBHO 00yUEHHBIX
HEHPOHHBIX ceTel. DT MoJenu ObUIM CO3AaHbl U OOyYeHBI HCCIEOBaTEeNIIMU Ha Habope
ImageNet [15], conepxariem Oosiee 14 MITH. aHHOTUPOBAaHHBIX U300paKEHUH, pa3/ieJIeHHbIX Ha
oosee 20 Tricsu kareropuii (kimaccor). Pacemorpum monenu VGG-16, VGG-19, Inception-V3,
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InceptionResNet-V2, ResNet-50, ResNet-152 u Xception. OT ka0 W3 paccCMaTpUBaEMBbIX
Mojienielt OyeM HCIOJIb30BaTh TOJIBKO CBEPTOYHYIO YacTh, KOTOpas OTBEUACT 32 BBIICIICHHE
XapaKTepHBIX MPU3HAKOB M300pakeHUi. [10JHOCBSI3HBIN CIIOH TpeaBapUTEILHO O0YYCHHBIX
MOJIEeTIeH, KOTOPBII OTBEYAET 3a KJIaCCU(UKAINIO, U3MEHUM Ha JIBA TIOJTHOCBSI3HBIX CJIOS ¢ 128
U JIByMsl HEWpOHAMH COOTBETCTBEHHO. [IpoBenemM 1000yUueHre OTHOCBA3HBIX CIIOEB MOJIENIeH
MpeaBapuTeNibHO  00y4YeHHBIX HelponHbix cereit VGG-16, VGG-19, Inception-V3,
InceptionResNet-V2, ResNet-50, ResNet-152 u Xception u mo pe3yabTataM 3TOro 00ydeHus
HAa OCHOBAHHWH IOJYYCHHBIX MATpPHUI[ OIMIMOOK OMpPEIeINM OCHOBHBIE METPHUKU KadyecTBa
kinaccudukaropoB. I[lpumensss dopmynbr (2)-(6), BBIYUCIHM JOCTOBEPHOCTh, TOYHOCTD,
9yBCTBUTEIBHOCTD, MOTHOTY U F-Mepy. Pe3ynbraTel BeruucieHuii npeacTasieHsl B Tabmuie 2.

Ta6m/1ua 2— CpaBHeHI/IC MCTPHUK Kau€CTBa HpeI[HOX(eHHOfI MOoAEIan KJ'IaCCI/I(bI/IKaTopa U IpEABAPUTCIBHO
00y4JeHHBIX HEHPOHHBIX ceTel
Table 2 — Comparison of quality metrics of the proposed classifier model and trained neural networks

MOJICITb 6)

> 2 2 L < 28 g

2 g < 5 5 > | sg|5E_¢E

g o z o | 2 5 = = 2 © 5 = S2ux=g

S ol = L LL O n 8 > g [=% g = E 5 -

= < 2 2 T ' & | 5858

505 I |7&|g85%

17926338

VGG-16 | 755 | 609 | 5 | 11 | 0.98841 | 0.98564 | 0.99186 | 0.99342 | 0.98952 | 16787 | (Lise

VGG-19 | 754 | 610 | 4 | 12 | 0.98841 | 0.98433 | 0.99349 | 0.99472 | 0.98950 | 20712 | 23236034

(3211650)

Inception 31240354

Inee 752 | 611| 3 | 14 | 0.98768 | 0.98172 | 099511 | 099603 | 0.98882 | 4076 | S

Inception

ResNet- | 751 | 609 | 5 | 15 | 0.98551 | 0.98042 | 0.99186 | 0.99339 | 0.98686 | 9876 | 81415010

v2 (7078274)

i 40365314

ResNet- | 743 | 603 | 11 | 23 | 0.97536 | 096997 | 0.98208 | 0.98541 | 0.97763 | 15881 | (1677760
2)

I 75148546

Res 759 | 557 | 57 | 7 | 0.95362 | 0.99086 | 0.90717 | 0.93015 | 0.95954 | 30639 | (1677760
2)

37639082

Xception | 755 | 609 | 5 | 11 | 0.98841 | 0.98564 | 0.99186 | 0.99342 | 0.98952 | 7625 | (1677760
2)

Tpemo- 14268706

xenHas | 760 | 604 | 10 | 6 | 0.98841 | 0.99217 | 0.98371 | 0.98701 | 0.98958 955 (1426870

I/ICTO‘IHI/IKI COCTaBJICHO aBTOPOM
Source: Author

CpaBHUBas pe3ynbTaThl 00yUEHUS MPEAT0KEHHOM MOJIENIN U MOIeIIeH MTpeIBapUTEIILHO
00y4YeHHBIX HEMPOHHBIX CETEW, MOXEM CJieJIaTh BBIBOJ O BBICOKOM KAade€CTBE MOCTPOEHHOTO
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kinaccupukaropa. HauOonplyro JOCTOBEPHOCTh MPH  PACIIO3HABAHWH  W300paKCHHIA
PEHTTEHOBCKUX CHUMKOB TMAIMEHTOB C YCTAHOBJICHHBIM JHArHO30M OITyXOJIb MO3Ta IMOKa3alu
mozaem VGG16, VGG19, Xception u npenoxkeHHas Mmoaeb. ClienyeT OTMETHTh, YTO BpeMs
o0ydeHusl MPEI0KCHHON MOJIETN 10 CPABHEHHIO CO BpeMEeHeM O00y4YeHUs TpeIBaPUTEILHOM
00y4YeHHBIX MOJICJICH 0Ka3aJI0Ch 3HAUUTEIIBHO MEHbIIIE.

3amaya wiaccuuKauM HM300pKEHUN CHUMKOB TOJIOBHOTO MO3ra  SIBISICTCS
JOCTATOYHO TOMYJIIPHOW y Hccienopareicii. [loaToMy mpoBeaeM CpaBHEHHE ITONYYCHHBIX
PE3YNIBTATOB KJIACCU(UKAIIMY TIPEUIOKCHHON B JAHHOW MCCIIEAOBAHUN MOJIEIINA C MOJICTISIMH,
MPEIOKEHHBIMA ~ JIDYTUMH  UCCIICJIOBATENIAMUA.  Pe3yiabTaThl  CpaBHCHHS — MOJIEJICH
KJIacCU(UKAUNA H300paKEHUH CHHUMKOB TOJIOBHOTO MO3Ta MAaIllMEHTOB C YCTaHOBIICHHBIM
JMArHO30M OITyXO0JIb MO3ra IpejicTaBiicHsl B Tabmuie 3.

Tabnuna 3 — CpaBHeHHE Pe3yIbTATOB KIACCU(PUKANN PA3TUIHBIX MOJEIeH
Table 3 — Comparison of classification results of different models
Of1mee
KOJIM4Y€CTBO
00pa3uos B 3agava Accuracy, | Recall, | Specificity, | Precision,
Hucejenye- HCCIeI0BAHUS % % % %
MOM
Jaracere
CNN [11] 253 Krnaccudukauus | 100.00 100.00 | 100.00 100.00 100.00
n300pakeHui ¢
OITyXOJIBIO U 6€3
OIyXOJIH
Juddepennnans- | 25000 Kraccudukauums | 99.25 95.89 | 93.75 97.22 95.23
Hast riryookas n300pakeHui ¢
CNN [16] OIyXO0JIbI0 U 0e3
OIYXOJIH
CNN [17] 66 Knaccudukanus | 90.00 93.33 | 80.00 93.33 93.33
TJTHOMBI, (100.00) | (100) | (100.00) (100.00) | (100.00)
MEHHHTHOMBI 1
OImyXxoJei
runodusa
CNN [18] 3064 Knaccudukanus | 97.3 94.0 73.39 96.7 82.8
TITHOMBI,
MCHHUHI'MOMBbI U
onyxoJjei
runouza
CNN [19] 3064 Kiaccudukaums | 94.39 93.00 | - 93.33 93.17
TJIMOMBI,
MCHHHI'MOMBbI H
OmyXxoJei
runodusa
CNN [20] 3064 Knaccudukauus | 98.77 98.61 | 99.33 98.76 98.68
TITHOMBI,
MEHUHTHOMBI 1
OImyXxoJei
runodusza
CNN [21] 243 Krnaccudukauus | 97.5 - - - -
n300paKeHnH ¢
OIIyXOJIBIO U 6€3
OIyXOJIH
DeepMedic 243 Krnaccudukanms | - - - - 83.17
(inputs:  T1+T2) n300paKkeHui
[22] TJIHOMBI u
TTTHO0JIACTOMBI

F-
measure,
%

Moaeanb
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DeepMedic 243 Krnaccudukanms | - - - - 88.23
(inputs: T1+T2) + n300paKeHuH
DeepMedic TJIHOMBI u
(inputs;: T1) + TIIHO0IaCTOMBI
WNet [22]
AncamOim n3 | 253 Knaccudpukamms | 96.08 - - - -
npen-o0ydeHHbBIX n300paKeHUH ¢
CNN + ML [23] OITyXOJIbI0 U Ge3
OITYXOJIH
AHcamOu u3 | 3000 Knaccugukanus | 98.83 - - - -
npea-00y4eHHBIX n300paKeHui ¢
CNN + ML [23] OITyXO0JIbI0 U 0e3
OIYXOJTH
Awncamo0im u3 | 3264 Knaccugukanus | 93.72 - - - -
npea-00y4eHHBIX n300paKeHud ¢
CNN + ML [23] OITyXO0JIbI0 U 0e3
OIYXOJIH
[IpemnoxxenHas 4600 Knaccudpukarms
mopem> CNN H300pKEHHid C | gg g 99.22 | 98.37 98.70 98.96
OITyXOJIBIO U 0e3
OIYXOJIH

VICTOYHHUK: COCTABICHO aBTOPOM Ha OCHOBaHHM HcciemoBanuii [11, 16-23]
Source: compiled by the author based on research [11, 16-23]

Kak BugHO u3 Tabmuier 3, G0IBIIMHCTBO MOAETEH T Kilaccu(puKauu n300pakeHni
OIyXOJIM MO3ra, MPEACTaBICHHBIX PA3JIMYHBIMU HCCIEIOBAHUAMHU, JOCTUTAIOT BBICOKHX
IoKasarejae pacrno3zHaBaHus wu3oOpaxkeHuid. [lnsg cpaBHeHHMs Mojenei ynoOHee BCero
UCIOJNIb30BaTh Mokaszarenb F-mepol. B uccnenoBanuu [11] F-mepa nocturia 100 %, ogHako
CIIEyeT Y4ecTh, YTO JTOT MOKa3aTesb ObUI MOJy4YeH Ha HeOOJIbIIOM Habope JaHHBIX, TC B
TECTOBYIO BBIOOPKY ObLIO BKIO4YeHO Juiib 20 oOpa3uoB. Pesynbrarel kiaccuduxanum
OITyXOJIM MO3ra uccienoBanus [17] Taxke ObUTH MOTydeHbl Ha HEOOIBIIOM Ha0OpE JaHHBIX.
3nech uccneayeMblii Habop M300pakeHU coepkUT 66 00pa3lioB, KOTOPBIN ObLT pa3OUT Ha
JIBa BaJIMJALMOHHBIX aaraceTa mo 20 n3o0pa’keHUuM B KaXIoM. TakuM 00pazoMm, HpOBOAS
CPaBHUTENbHBIN aHAIN3 PE3yJIbTAaTOB KJIACCHU(HKALIMU, MOXKHO C/AEIaTh BBIBOJ O TOM, YTO
MpeIoKeHHas B paboTe MO/IENb HE YCTYIAeT [0 CBOMM Kau€CTBEHHBIM XapaKTEpUCTHKaM Kak
IPEBApUTENIbHO OOYYEHHBIM MOJEISAM, TaK U MOJENSAM, MPEUIOKEHHBIM pa3IMYHBIMU
uccinenosarensiMu. Ciaenyer OTMETUTh, UTO NMPEAJIOKEHHAs MOJIEIb MMeEeT 0oJjiee MPOCTYIO
ApXUTEKTYpy  CBEPTOYHOM  HEMPOHHOM  CETH, COAEPXKUT  MEHBIIEE  KOJIUYECTBO
TUIeprapaMeTpoB, YTO 3HAYUTEIbHO YMEHBIIAET BpeMsl €€ 00yUeHHUS.

3akjaueHue

PaccmoTpena 3ajmaua kinaccu(UKanuMu Ha OpuUMepe H300paKeHMH PEHTI€HOBCKUX
CHMMKOB TAIlMEHTOB C YCTaHOBJCHHBIM IHAarHO30M OIMYyXOJbh Mo3ra. Jljisi pemieHus: 3amaaqu
KJ1accu(UKALMU TOCTPOEHA MOJIENIb CBEPTOYHONW HEHpPOHHOH ceTeil, apXUTEeKTypa KOTOpOM
COCTOUT W3 JIByX CBEPTOYHBIX M OJHOTO TIOJHOCBSI3HOTO cjoeB. [To pe3ympraram oOydeHUs
MIPOBEICHO CpPaBHEHHWE METPHK KadyecTBa KiIacCU(pHUKATOpa MPeIOKEHHOW MOJeNnu C
METpUKaMH TIPEJBApUTEIHLHO OOYYEHHBIX CBEPTOYHBIX HEWpOHHBIX ceTeil. HawuBbicmieit
JIOCTOBEPHOCTH PE3YJIbTATOB B PEIICHUH 3a/1aud PACHO3HABAHUS OIMYXOJH MO3Ta JOCTUIIIN
monaemn VGG16, VGG 19, Xception u ipemioxkenHas Mojeib. Paccmorpennsie Mogenn CNN
Ha TECTOBOM Ha0Ope JAaHHBIX JOCTHUIJIM JOCTOBEPHOCTH paclio3HaBaHHUS H300paXXeHUH OT
95.36 % mo 98.84 %. OmHako BpeMs OOyYEHHs IOCTPOCHHBIX MOJCNEH pa3indaeTcs B
3aBHCUMOCTH OT apXUTEKTyphl HelpoHHOI ceTu. [locTpoeHHbIe HelipoceTeBble MOAETH MOTYT
BBICTYIIAaTh KaK JOMOJHHUTEIBHBI WHCTPYMEHT Bpada IMPH JUATHOCTHUKE OITyXOJIM TOJIOBHOTO
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Mo3ra. BHenpeHue anropuTMOB KOMITBIOTEPHOTO 3pEeHHsI B €XKETHEBHYIO pPadOTy Bpauda
MO3BOJIUT ONEPATUBHO MPOBECTH J00OCIENOBAHUE TMALMEHTa, MOCTaBUTh JTUArHo3 W
CBOEBPEMEHHO TIpoBecTH JeueHue. IIpuMmeHeHHe cepBUCOB Ha OCHOBE aIrOPUTMOB
HCKYCCTBEHHOTO HWHTEJUIEKTa CHOCOOHO COKpaTUTh oO0Inee BpeMs Ha MPOBEACHUE
JUArHOCTHUYECKUX HCCIIEOBAaHUM, BBIIBUTH MATOJIOTMH Ha paHHEW cTaauu 3a00JIeBaHUS U C
00JIbIIIeH BEPOATHOCTHIO OXKHUAATh, YTO JICUCHHUE MMPUBEACT K MOJIOKHUTEIHLHBIM PE3yJIbTaTaM.

10.

11.

12.

13.

CIIMCOK UICTOYHHUKOB

CononosuukoB B.U., boukapes I1.B., Ky3pmuikuit A.A., I'azoB A.U., Ilanumes B.C.,
Cupota E.C. Anroput™msl pacrio3HaBaHHUs OPraHOB Ha U300paKEHUAX MYJIbTUCIHPATBHON
KOMIIBIOTEPHON ToMorpaduu. huomeduyunckas paouosrekmponuxa. 2019;22(7):39-46.
DOI: 10.18127/j15604136-201907-05

Onp-Xatub C.A., Cko6moB FO.A. KoMmmnbroTepHasi cucteMa CerMeHTaIllud METUITMHCKUX
M300pakeHU METOJOM MYPaBBHHBIX KOJOHUH. Paoduoanekmponuxa, uHngopmamuxa,
ynpasnenue. 2015;3:49-57. DOI 10.15588/1607-3274-2015-3-6

Danilov V.V., Gerget O.M., Skirnevskiy I.P., Manakov R.A., Kolpashchikov D.Y.
Segmentation based on propagation of dynamically changing superpixels. Programming
and Computer Software. 2020;46(3):195-206. DOI: 10.31857/S0132347420030048
Khvostikov A., Krylov A., Mikhailov 1., Kharlova O., Oleynikova N., Malkov P. Automatic
mucous glands segmentation in histological images. The International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W12,
2019. Int. Worksh. on “Photogrammetric & Computer Vision Techniques for Video
Surveillance, Biometrics and Biomedicine”, 13-15 May 2019, Moscow, Russia.

Bakas S., Reyes M., Jakab A., Bauer S., Rempfler M., Crimi A. et al., Identifying the Best
Machine Learning Algorithms for Brain Tumor Segmentation, Progression Assessment, and
Overall Survival Prediction in the BRATS Challenge, arXiv preprint arXiv:1811.02629,
2018.

Simonyan K. & Zisserman A. Very Deep Convolutional Networks for Large-Scale Image
Recognition.  arXiv ~ preprint:  arXiv ~ 1409.1556, 2014. J[loctymHO  TO:
https://arxiv.org/pdf/1409.1556.pdf (rara obpamenus 06.10.2021)

Szegedy C., Vanhoucke V., loffe S., Shlens J. Rethinking the Inception Architecture for
Computer Vision. arXiv preprint: arXiv:1512.00567v3, 2015. J[locTymHO 110:
https://arxiv.org/pdf/1512.00567v3.pdf (nara obpamenus 06.10.2021)

Kaiming He, Xiangyu Zhang, Shaoqing Ren, Jian Sun. Deep Residual Learning for Image
Recognition. arXiv  preprint:  arXiv: 1512.03385v1, 2015. J[loctynHO mO:
https://arxiv.org/pdf/1512.03385.pdf (nata obpamenus 06.10.2021)

Mingxing Tan, Quoc V. Le. EfficientNet: Rethinking Model Scaling for Convolutional
Neural Networks. arXiv preprint: arXiv: 1905.11946v5, 2020. JloctymHO TIO:
https://arxiv.org/pdf/1905.11946v5.pdf (nara obpamenus 06.10.2021)

Rehman, A., Naz, S., Razzak, M.I. et al. A Deep Learning-Based Framework for Automatic
Brain Tumors Classification Using Transfer Learning. Circuits, Systems, and Signal
Processing. 2020;39:757-775. https://doi.org/10.1007/s00034-019-01246-3

Hassan Ali Khan, Wu Jue, Muhammad Mushtaq and Muhammad Umer Mushtag. Brain
tumor classification in MRI image using convolutional neural network. Mathematical
Biosciences and Engineering. 2020;17(5):6203-6216. DOI: 10.3934/mbe.2020328
HoctynHble Monenu npuinokeHuit Keras. JloctynHo mo: https://keras.io/api/applications/
(mara obpamenus 06.05.2021).

baza JaHHBIX I/1306pa)KeHI/II71 PCHTICHOBCKUX CHHUMKOB T'OJIOBHOI'O MO3ra. I[OCTYHHO I10:
https://www.kaggle.com/preetviradiya/brian-tumor-dataset (mara ooparmenus 06.05.2021)

1114


https://arxiv.org/pdf/1409.1556.pdf
https://arxiv.org/pdf/1512.00567v3.pdf
https://arxiv.org/pdf/1512.03385.pdf
https://arxiv.org/pdf/1905.11946v5.pdf
https://doi.org/10.1007/s00034-019-01246-3
https://keras.io/api/applications/
https://www.kaggle.com/preetviradiya/brian-tumor-dataset

MopesupoBaHue, OITUMU3ANUsI H HH(POPMAIIMOHHBIE TEXHOJIOTHH / 2021;9(4)
Modeling, optimization and information technology http://moit.vivt.ru

14. Kingma D.P., Ba J. Adam: A Method for Stochastic Optimization. Proceedings of the 3rd
International Conference on Learning Representations (ICLR). arXiv preprint
arXiv:1412.6980, 2014.

15. ba3a nannbix u3oopaxenuit ImageNet. JloctynHo mo: https://www.image-net.org/update-
mar-11-2021.php (mxara obpamienus 06.05.2021).

16. Abd El Kader, 1.; Xu, G.; Shuai, Z.; Saminu, S.; Javaid, I.; Salim Ahmad, I. Differential
Deep Convolutional Neural Network Model for Brain Tumor Classification. Brain
Sciences. 2021;11:352. https://doi.org/10.3390/brainsci11030352

17. Shaik Basheera and M. Satya Sai Ram. Classification of Brain Tumors Using Deep Features
Extracted Using CNN. Journal of Physics: Conf. Series 1172 (2019) 012016 International
Conference on Applied Physics, Power and Material Science. DOI: 10.1088/1742-
6596/1172/1/012016

18. Diaz-Pernas F.J., Martinez-Zarzuela M., Anton-Rodriguez M., Gonzalez-Ortega D.A. Deep
Learning Approach for Brain Tumor Classification and Segmentation Using a Multiscale
Convolutional Neural Network. Healthcare. 2021;9:153.
https://doi.org/10.3390/healthcare9020153

19. Das S., Aranya O.F.M.R.R. and Labiba N.N. Brain Tumor Classification Using
Convolutional Neural Network. 2019 1st International Conference on Advances in Science,
Engineering and Robotics Technology (ICASERT), 3-5 May 2019, Dhaka, Bangladesh.
2019, DOI: 10.1109/ICASERT.2019.8934603.

20. Ali Mohammad Algudah, Hiam Alquraan, Isam Abu Qasmieh, Amin Alqudah, Wafaa Al-
Sharu. Brain Tumor Classification Using Deep Learning Technique — A Comparison
between Cropped, Uncropped, and Segmented Lesion Images with Different Sizes
International Journal of Advanced Trends in Computer Science and Engineering.
2019;8(6):3684-3691.

21. Seetha J., Raja S.S. Brain Tumor Classification Using Convolutional Neural Networks.
Biomed Pharmacology Journal. 2018;11(3). DOI: https://dx.doi.org/10.13005/bpj/1511

22. Mycarsu C.A., Jlomakun A.B., Captacos C.1O., [TonsiBanos JI.K., Monaxos 1.b., Umkosa
A.C. CnocoObl CcerMeHTalMM MEIUIMHCKUX u300paxeHuil. Tpyowr Hucmumyma
cucmemnoz2o npoepammuposanus PAH. 2018;30(4):183-194.
https://doi.org/10.15514/ISPRAS-2018-30(4)-12

23. KangJ., Ullah Z., Gwak J. MRI-Based Brain Tumor Classification Using Ensemble of Deep
Features  and Machine Learning Classifiers. Sensors. 2021;21:2222.
https://doi.org/10.3390/s21062222

REFERENCES

1. Solodovnikov V.l., Bochkarev P.V., Kuzmitsky A.A., Glazov A.l., Spanish chef V.S.,
Sirota E.S. Recognition algorithms for organs in multispiral computed tomography.
Biomeditsinskaya radioelektronika = Biomedical Radioelectronics. 2019;22(7):39-46. (In
Russ.) DOI: 10.18127/j15604136-201907-05

2. El-Khatib S.A., Skobtsov Y. A. The computer system of medical image segmentation by
ant colony optimization. Radioelektronika, informatika, upravleniye = Radio Electronics,
Computer Science, Control. 2015;3:49-57. (In Russ.) DOI 10.15588/1607-3274-2015-3-6.

3. Danilov V.V., Gerget O.M., Skirnevskiy I.P., Manakov R.A., Kolpashchikov D.Y.
Segmentation based on propagation of dynamically changing superpixels. Programming
and Computer Software. 2020;46(3):195-206. DOI: 10.31857/S0132347420030048

4. Khvostikov A., Krylov A., Mikhailov I., Kharlova O., Oleynikova N., Malkov P. Automatic
mucous glands segmentation in histological images. The International Archives of the

12|14


https://www.image-net.org/update-mar-11-2021.php
https://www.image-net.org/update-mar-11-2021.php
https://doi.org/10.3390/brainsci11030352
https://doi.org/10.3390/healthcare9020153
https://dx.doi.org/10.13005/bpj/1511
https://doi.org/10.15514/ISPRAS-2018-30(4)-12
https://doi.org/10.3390/s21062222

MopesupoBaHue, OITUMU3ANUsI H HH(POPMAIIMOHHBIE TEXHOJIOTHH / 2021;9(4)
Modeling, optimization and information technology

http://moit.vivt.ru

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W12,
2019. Int. Worksh. on “Photogrammetric & Computer Vision Techniques for Video
Surveillance, Biometrics and Biomedicine”, 13-15 May 2019, Moscow, Russia.

Bakas S., Reyes M., Jakab A., Bauer S., Rempfler M., Crimi A. et al., Identifying the Best
Machine Learning Algorithms for Brain Tumor Segmentation, Progression Assessment, and
Overall Survival Prediction in the BRATS Challenge, arXiv preprint arXiv:1811.02629,
2018.

Simonyan K. & Zisserman A. Very Deep Convolutional Networks for Large-Scale Image
Recognition.  arXiv  preprint:  arXiv  1409.1556, 2014. Available at:
https://arxiv.org/pdf/1409.1556.pdf (accessed 06.10.2021).

Szegedy C., Vanhoucke V., loffe S., Shlens J. Rethinking the Inception Architecture for
Computer Vision. arXiv preprint: arXiv:1512.00567v3, 2015. Available at:
https://arxiv.org/pdf/1512.00567v3.pdf (accessed 06.10.2021).

Kaiming He, Xiangyu Zhang, Shaoging Ren, Jian Sun. Deep Residual Learning for Image
Recognition. arXiv  preprint: arXiv: 1512.03385v1, 2015. Available at:
https://arxiv.org/pdf/1512.03385.pdf (accessed 06.10.2021).

Mingxing Tan, Quoc V. Le. EfficientNet: Rethinking Model Scaling for Convolutional
Neural Networks. arXiv preprint: arXiv: 1905.11946v5, 2020. Available at:
https://arxiv.org/pdf/1905.11946v5.pdf (accessed 06.10.2021).

Rehman A., Naz S., Razzak M.I. et al. A Deep Learning-Based Framework for Automatic
Brain Tumors Classification Using Transfer Learning. Circuits, Systems, and Signal
Processing. 2020;39:757—775. https://doi.org/10.1007/s00034-019-01246-3

Hassan Ali Khan, Wu Jue, Muhammad Mushtaq and Muhammad Umer Mushtaq. Brain
tumor classification in MRI image using convolutional neural network. Mathematical
Biosciences and Engineering. 2020;17(5):6203-6216. DOI: 10.3934/mbe.2020328
Available models Keras Applications. Available at: https://keras.io/api/applications/
(accessed 06.05.2021). (In Russ.)

Database of brain X-ray images. Available at: https://www.kaggle.com/preetviradiya/brian-
tumor-dataset (accessed 06.05.2021). (In Russ.)

Kingma D.P., Ba J. Adam: A Method for Stochastic Optimization. Proceedings of the 3rd
International Conference on Learning Representations (ICLR). arXiv preprint
arXiv:1412.6980, 2014.

Database of ImageNet. Available at: https://www.image-net.org/update-mar-11-2021.php
(accessed 06.05.2021). (In Russ.)

Abd El Kader 1., Xu G., Shuai Z., Saminu S., Javaid I., Salim Ahmad I. Differential Deep
Convolutional Neural Network Model for Brain Tumor Classification. Brain Sciences.
2021;11:352. https://doi.org/10.3390/brainsci11030352

Basheer Shaik and M. Satya Sai Ram. Classification of Brain Tumors Using Deep Features
Extracted Using CNN. Journal of Physics: Conf. Series 1172 (2019) 012016 International
Conference on Applied Physics, Power and Material Science. DOI: 10.1088/1742-
6596/1172/1/012016

Diaz-Pernas F.J., Martinez-Zarzuela M., Anton-Rodriguez M., Gonzalez-Ortega D. A.
Deep Learning Approach for Brain Tumor Classification and Segmentation Using a
Multiscale Convolutional Neural Network. Healthcare. 2021:9:153.
https://doi.org/10.3390/healthcare9020153

Das S., Aranya O.F.M.R.R. and Labiba N.N. Brain Tumor Classification Using
Convolutional Neural Network. 2019 1st International Conference on Advances in Science,
Engineering and Robotics Technology (ICASERT), 3-5 May 2019, Dhaka, Bangladesh.
2019, DOI: 10.1109/ICASERT.2019.8934603.

Ali Mohammad Algudah, Hiam Alquraan, Isam Abu Qasmieh, Amin Alqudah, Wafaa Al-

13|14



https://arxiv.org/pdf/1409.1556.pdf
https://arxiv.org/pdf/1512.00567v3.pdf
https://arxiv.org/pdf/1512.03385.pdf
https://arxiv.org/pdf/1905.11946v5.pdf
https://doi.org/10.1007/s00034-019-01246-3
https://keras.io/api/applications/
https://www.kaggle.com/preetviradiya/brian-tumor-dataset
https://www.kaggle.com/preetviradiya/brian-tumor-dataset
https://www.image-net.org/update-mar-11-2021.php
https://doi.org/10.3390/brainsci11030352
https://doi.org/10.3390/healthcare9020153

MopesupoBaHue, OITUMU3ANUsI H HH(POPMAIIMOHHBIE TEXHOJIOTHH / 2021;9(4)
Modeling, optimization and information technology http://moit.vivt.ru

Sharu. Brain Tumor Classification Using Deep Learning Technique — A Comparison
between Cropped, Uncropped, and Segmented Lesion Images with Different Sizes
International Journal of Advanced Trends in Computer Science and Engineering.
2019;8(6):3684-3691.

Seetha J., Raja S.S. Brain Tumor Classification Using Convolutional Neural Networks.
Biomed Pharmacology Journal. 2018;11(3). DOI: https://dx.doi.org/10.13005/bpj/1511
Musatian S.A., Lomakin A.V., Sartasov S.Yu., Popyvanov L.K., Monakhov I.B., Chizhova
A.S. Medical Images Segmentation Operations. Trudy Instituta sistemnogo
programmirovaniya RAN = Proceedings of the Institute for System Programming of the
RAS (Proceedings of ISP RAS). 2018;30(4):183-194. (In Russ.) DOI:
https://doi.org/10.15514/ISPRAS-2018-30(4)-12

Kang J., Ullah Z., Gwak J. MRI-Based Brain Tumor Classification Using Ensemble of Deep
Features  and Machine Learning Classifiers. Sensors. 2021;21:2222.
https://doi.org/10.3390/s21062222

NH®OPMAILIUSA Ob ABTOPAX / INFORMATION ABOUT THE AUTHORS

Illykuna Haranss AunekcanapoBHa, k.1.H., Natalia A. Shchukina, Phd In Engineering,
JOIeHT, Kadeapa MarematHueckux wmerogaoB B Associate  Professor of  Mathematical

IKOHOMUKE, POoCCUIICKHIT SKOHOMUYECKUI Methods In Economics, Plekhanov Russian
yuuBepcurer  uM. [. B. [InexanoBa, = Mocksa, University of Economics, Moscow, Russian
Poccwuiickas @enepanusi. Federation.

Honent, Jlemaprament Amnanusa jgaHHeix u  Associate Professor, Department of Data
MamuHHOrO oOyd4enus, ®unaHcoBblii yHuBepcuter Analysis and Machine Learning, Financial
npu  npaBuTenscTBe  Poccmiickoit  ®enepanmu, University Under The Government of The
MockBa, Poccuiickas ®eneparusi. Russian  Federation, Moscow, Russian
e-mail: shchukinan@yandex.ru Federation.

ORCID: 0000-0002-5825-1051

Cmamuws nocmynuna 6 peoaxyuio 30.07.2021; odobpena nocne peyenzuposanus 15.12.2021;
npunama k nyonuxayuu 29.12.2021.

The article was submitted 30.07.2021; approved after reviewing 15.12.2021;
accepted for publication 29.12.2021.

14|14


https://dx.doi.org/10.13005/bpj/1511
https://doi.org/10.15514/ISPRAS-2018-30(4)-12
https://doi.org/10.3390/s21062222
https://orcid.org/0000-0002-5825-1051

