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Annomauyus

B crarbe paccmarpuBaercsl IpUMEHEHHE HEHPOHHBIX CeTeW s KiIacCU(HUKALUU PEHTI€HO-
rpaduueckux n3odpaxeHnii 601bpHEIX MHeBMOHUEH 1 COVID-19. Jlng BeiOopa HawIydmux na-
pamMeTpoB M3MEHEHHS pPa3MEpOB U aJalTUBHOTO BHIPAaBHUBAHMS THCTOrPaMMBbI IPKOCTH M300pa-
KEHUH, a TaKkKe ONTHMAIBHOM apXUTEKTyphl HEMPOHHOW CETH M €€ T'MIIepIIapaMeTpoB HCIIOJb-
30BaNUCh precision, recall u fl-score. Bricokue 3HaUYEHUS ATHX METPUK KadyecTBa KIacCH(UKa-
uuu (>0,91) yoenuTensHO CBUAETEIBCTBYIOT O HAIEKHOM pasTpaHHYEHUHN PEeHTreHorpaduye-
CKHX H300pa’keHUH OONBHBIX MHEBMOHHUEH 0T 00ibHBIX COVID-19. DT0O OTKpBIBaEeT BO3MOXK-
HOCTb CO3/aHUSI MOJEININ C XOPOIIEeH MpecKa3aTelbHON CIOCOOHOCTIO O€3 MPUBJICUCHHS TOTO-
BBIX CJIOKHBIX MOZENEH 1 0€3 MpeABapuTENbHOTO 00yUeHHs Ha CTOPOHHUX JaHHbIX. [lomyuen-
HBIE PE3yJbTAThl AAIOT XOPOLINE MEPCIEKTUBEI Pa3pab0OTKH 4yBCTBUTENBHBIX U HAJEKHBIX DKC-
Mpecc-MeTo10B AuarHoctuku 3aboneanus COVID-19.

Kniouegvie cnosa: o06paboTka peHTreHOrpaQuuecKux M300paKeHHH, CBepTOYHasi HEHpOH-
Has ceTb, knaccudukanus, COVID-19.
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Beeoenue

BricTpoe pacnpocTpaHeHHE 10 BCEMY MHUpPY KOPOHO-
Bupyca SARS-CoV-2 u cBs3aHHOTO ¢ HUM 3a00JI€BaHUA
COVID-19 [1, 2] B 3HaYNTENBHON CTEIIEHU OOBICHICTCS
OTCYTCTBHEM OIIEPATUBHON MUArHOCTHKH. HamOombimeit
JIOCTOBEPHOCTBIO 00JIaIal0T METObI HA OCHOBE TIOJINME-
pPa3HOM LIEMHOM peakuuu, HO Pe3yJbTaT, KaK IMpaBuUIIo,
TOTOB Yepe3 HECKOJIBKO YacoB IpHU OOECIe4YeHHH [0-
BOJIFHO BBICOKMX TPeOOBAaHUN K COONIONCHHUIO TEXHOJO-
THH aHaIN3a ¥ K IpodecCHoHaI3My MeanepcoHana. ITo-
3TOMY pa3paboTKa OBICTPBIX M HAIC)KHBIX CHCTEM OOHa-
pyxerns COVID-19 HeoOxomuma T PeaOTBPALICHIUS
MaHJEMUH 3TOTO 3a00JIeBaHNsI.

Haubonee cumpro pu COVID-19 mopaxarotes jer-
kue [3]. [ua pacmo3HaBaHWS TTHEBMOHWH, BBI3BAaHHOH
Pa3IMYHBIMY BHPYCaMH, IIUPOKO NMPUMEHSIETCS KOMITBIO-
TepHass ToMorpadus ¢ aHAIM30M MNOJIYYEHHBIX H300pa-
JKeHUI METoJaMHt TIIyOoKoro ooydenus [4, 5]. Perrreno-
JIOTHYecKasi AMAarHOCTHKA, XOTS M 00JagaeT MeEHbIIEH
paspemnIaromieii CnocoOOHOCTBIO, SABJSIETCS OoJiee pacmpo-
CTpaHCHHOH H3-3a OOJBIIEH MOCTYIMHOCTH PEHTTEHOB-
CKMX amlapaToB W OKa3bIBAET MEHBILEE paJUaliOHHOE
BO3JICHCTBUE Ha MalMEHTOB. B HacTosiee BpeMs NOsIB-
JSIFOTCSL pabOTHI, B KOTOPBIX TIPEIUIaraeTcs UCI0Ib30BaTh
ueiipornsie cetn (HC) mns obnapyxkenus COVID-19 Ha
OCHOBE aHAJM3a PEHTTCHOTrpaUIecKux W300pakKeHUH

(PW) [6—28]. B [9] cBepTouHyIO HEHPOHHYIO CETh BHAUa-
e o0y4Janu Ha BHeITHeM Habope maHHBIX ImageNet, a
3areM 1oo0ywany, ucronb3dys 13800 PU, u3 xoTopsix 183
6su ¢ COVID-19. B pa6ore [10] mmns BeisiBieHus 3a60-
neBarnit COVID-19 6p11a co3nana HC mytem ymeHbIe-
HUS CIIOEB U QUIBTPOB yke cymecTtByromeir DarkNet, u
UL TIOJ[y4eHHsT MOJCNM TPHMEHSUIOCh 127 peHTreHo-
rpamm ¢ auaraozom COVID-19. B [11] u [12] noka3aHa
BO3MOXKHOCTh TpuMeHeHnss TOoToBeIx HC  Alexnet,
Googlenet, Resnetl8 u Truncated Inception Net st qma-
rHoctukn COVID-19, ucnons3ys Bcero 307 PU, u otme-
4yeHo npenmymiectBo Googlenet B HEKOTOPHIX CIICHAPH-
aX. B 3THX HccienoBaHMsAX MOKa3aHa MEPCIIECKTHBHOCTb
JaHHOTO HAIPaBIICHUS U MOJYEPKHYTO, YTO €r0 Pa3BUTHE
caep>kuBaeT kpaitHe manoe xonmdectso PU ¢ COVID-19,
HAXOJALINXCS B OTKPBITOM noctyme. B [13], mpumenss
NpeIBapUTENbHO O0YUYEHHBIE MOJIEIH, OKa3aHO, YTO M3
VGG19, MobileNet v2 Inception, Xception, Inception u
ResNet v2 myumme pe3ynbratsl maet MobileNet v2, npu
9TOM OTMEYAeTCsl, YTO TOYHOCTh KIIaCCU(PHKAIUH CHUIIBHO
3aBHCUT OT KOJIMYECTBAa OOPAa3LOB, NPEICTABICHHBIX B
KaaoM Kiacce. B padore [14] ocoboe BHUMaHUE yIes-
eTCsl TpeIBapHUTEIbHON 00padOTKe NAHHBIX IUIS HOBBI-
IICHHS TOYHOCTH KJIACCH()UKALIIH.

Llenpro TaHHOTO MCCIIENOBAHMUS SBISIETCS pa3paboTKa
knaccuukaropa P GonbHBIX BUPYCHOH ITHEBMOHUEH U
COVID-19 na 6a3e nanbonee mpocroit HC, 6e3 ucmons-
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30BaHUS TOTOBBIX MOJIENEH JPyrux pa3paboTINKOB U 0e3
NpeABapUTENbHOr0 OOY4YEeHUS] Ha CTOPOHHHX JIAHHBIX,
“Mes TOJIbKO HebobIoit Habop PU.

Ilpeosapumenvuasn oopadbomka uzoodpasrcenuii
U OsurICeHUE UHPOPMAUUOHHBIX HOMOKOE

OCHOBHBIE 3Talbl MOJrOTOBKH JaHHBIX M JBHKCHHS
MH(OPMAIMOHHBIX MTOTOKOB MPHBEIEHBI Ha puc. 1. PeHT-
TCHOBCKHE CHUMKH OBUTH TOyYeHBl U3 UCTOYHHUKA [15],
rJie OHM HaXOJMIIKCh B OTKPBITOM JIOCTYIIE B BHJE apXu-
Ba, comepkamero 219 PU ¢dopmara PNG 0o0mnbHBIX
COVID-19 u 1341 PU GonpHBIX BUPYCHOI THEBMOHHEH,
¢ pasmepom 1024 x 1024 mukceneit. B conpoBoauTesb-
HOM (paiine ykazaHo npoucxoxaeHue PU: "We have de-
veloped the database of COVID-19 x-ray images from
Italian Society of Medical and Interventional Radiology
(SIRM) COVID-19 DATABASE, Novel Corona Virus
2019 Dataset developed by Joseph Paul Cohen and Paul
Morrison and Lan Dao in GitHub and images extracted
from 43 different publications". Bce ucxomusie PU Ha
MepBOM dTarie ObLIM pa3/ieNieHbl Ha JIBE TPYIIIbI 110 Kiac-
CU(PUKAIOHHOMY TPH3HAKY M TOMEIIEHbl B COOTBET-
ctByrone manku. B manke COV_ALL nomectmics PU
6ompaBIX COVID-19, a B manke VPN_ALL 6butu pas-
MerieHsl PV GONBHBIX THEBMOHHUEH, U 1ajee OHH HOCTY-
manu B OJOK TmpenBapuTeNbHON 00paboTku (610K
PREPROCESSING).

TEST ALL
| LaBeL_tEST |~ PREDICT M REPORT
)
| LABEL_TRAIN_vAL H FIT |
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COV_ALL VPN ALL

Puc. 1. Cxema npedsapumenvroti oopadbomxu uzo6paxiceHuil
U OBUIHCEHUS UHPOPMAYUOHHBIX NOMOKOE

IpensapurensHeiil ananu3 PU nokasan, uyto nmo xpa-
SIM HEKOTOPBIX CHHUMKOB HaXOISITCS CITy)KeOHbIE CHMBO-
JIbl, KOTOpPBIE B 3aKOJUPOBAHHOM BHJI€ MOTYT HECTU UH-
(opmariio O NPHUHAIUIEKHOCTH H300paKeHUSI K TOMY
WM UHOMY KJiaccy.

Uroost HC wuckana wuHQOpManMOHHBIE IPHU3HAKH
MMEHHO Ha M300pa’KeHUsX JIETKHX, TIOCPEJICTBOM OIepa-

uuu CROP Ha Bcex MCXOOHBIX CHUMKax OBUIO yZaJeHO
no 10% mnepudepuitnoii yactu nzobpaxenus. Tak kak
M300paKEHNE MaTeMaTHIECKH MPEACTABIISIET CO0OM MaT-
pHIly, TO BBIpE3aHHOE M300paKCHHE TOIYyJaeTCs IMyTeM
KOIUPOBAHUS MATpHIbI, mpomyckas mo 10% mepBeIx u
MOCTIEIHUX CTPOK, a Takxke mporyckas mo 10 % neBsx u
MpaBbIX KOJOHOK n300paxenuii. Ha si3pike Python arta
MaTeMarnieckasl oneparus GpopManu3yeTcs CIeIyOIuM
obpazom:

im_crop =im[102:922,102:922],

rue

im — MaTpuIa UCXOJHOTO U300paXKeHHS,

im_crop — Marpuia o0pe3aHHOro n300paXkeHHsI.

JanpHelmuii Bu3yanbHbeld ananu3 PU mokazan, 4to
OHM KpailiHe HEOIHOPOJHBI Mo sipkocTH. B mHbopmanu-
OHHO B&)XHBIX OOJIACTSX JIETKMX HAOJIONAINCh WM H3-
JIMIIHKAE 3aTEeMHEHHUs, WM OCBETICHHUS, T.C. 3HAUCHUS
MUKCeJIei ObLUTH OrpaHHYCHBI HEOOJIBIIUM THATA30HOM H,
COOTBETCTBEHHO, ITPUCYTCTBOBAI Y3KMH IUK Ha TUCTO-
rpamme sipkocTH. [IpocTroe pacTsKeHHE THCTOTPaMMBbI
JUISL BCEro M300pa)KeHHsI MOXKET INPHBECTH K HEeXela-
TEJNILHOMY M3MeHeHHIO sipkocTH. [TosToMy auis syuiiero
NposiBJICHUs] MH(OPMAMOHHBIX TpH3HakoB K PU Oblia
NpUMEHEeHa OIlepalysi aJaliTUBHOTO BbIPAaBHUBaHHS TH-
crorpammsbl nocpenctsoM ¢pynkiun CLAHE 6ubnmorexu
KoMIptoTepHOro 3penust OpenCV.

B sTOoM anroputme u300paxkeHUs! pa3OMBAIOTCS Ha
NPSMOYTOJIbHBIE YYACTKU U ISl K&XKJIOTO PACCUUTHIBACT-
csi (GYHKIMS pachpeAeieHust SPKOCTH IMKCeNel, Kak
(YHKIMS OTHOCHTENBHOTO YHUCIIa MUKCeJIeH OT KOHKPEeT-
HBIX 3HaueHu# spkocTh. [IpeodpazoBaHHOE H300paKeHUE
MOJTy4aeTcsl N3MEHEHHEM SPKOCTH KaXKI0ro mukcens Rj
BXOJIHOTO M300paKeHusl B 3HauyeHue sipkocTH Sk cooT-
BETCTBYIOIIEr0 MHUKCENS BBIXOJHOIO M300paKeHusi, pac-
cuntanHoe 1o popmyie [16]:

rae

k — Homep mukcest, usmensiercst ot 0 o L-1,

L — mMakcuMallbHOE YHUCIIO Ipajlaliui SIpKOCTH, a j W3-

Mensiercst ot 0 10 k;

1; — 4UCIIO NUKCEJIEH C SIPKOCTBIO R,

n — o0l11Iee YKo MUKceel n300paskeHusl.

3arem Jui1 ynaneHust apredakToB Ha TpaHUIAxX
y4acTKOB B Buie 3(dekra maxMaTHOTO OISl IPUMEHS-
eTcsl OMIMHerHast HUHTEPIOIAIMSA, T.C. BBIYUCICHUC CPEA-
HCB3BCUICHHOI'O0 3HAYCHUA SAPKOCTH MMUKCceneHn IIyTEM JIM-
HEWHOW MHTEPHOJIALIMY CHauajla B OJJHOM JUAroHAJIbHOM
HalpaBJICHHUH, a 3aTCM B IPYI'OM.

st nosydenust n300paxxeHuii He0OXOJMMOTO pa3Me-
pa, COrIacHO PEKOMEHAAIMH pa3paboTYMKOB OHOIMOTE-
ku OpenCV, nmpumeHsuiack QyHKIUs cv2.imresize() ¢ ai-
roputMoM wuHTepnomsimuu cv2.INTER AREA, Tak xak
MPUMEHEHHE 3TOTO aJrOpUTMa HCKIIIOYAeT IOSBJICHUE
UCKaXCHUH THIIA «Myapy.
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Hanee mist xaxkgoro kiacca (6mox SPLIT) dopmupo-
BaJIUCh BBIOOpKH 00yueHus (train), mpoBepku (val) u Te-
crupoBanus (test) HC. Jlns storo Bce PU mepememmBa-
Jach CiydaiiHbIM 00pa3oM MpH THOMOIIM  (QyHKIHMH
Python3 random.shuffle(). B atom ciyuae moayns random
TeHepupyeT ciydaiiHple uncna, a pacmmpenue shuffle()
olecrieunBaeT ciay4aifHoe epeMeIIBaHie CHUMKOB.

3areM B KaXJIOM KJIacce TaKKe CIy4alHO BBIOHMpa-
nock 1o 10% PU, u oHM MOMELIAIUCh B TECTOBBIC BbI-
6opku (6mmoxu TEST COV u TEST VPN).

OcTraBmuecst JaHHBIE IS KaXKI0T0 Kiiacca ObLTH CHO-
Ba B CIIy4aifHOM IIOpSIKE Pa3/eieHBl Ha JBa HE3aBHCH-
MbIX Habopa B cootHomeHuu 90 % u 10 % 11 oOyueHus
(6moxu TRAIN _COV, TRAIN VPN) u nposepku (610-
ku VAL COV u VAL VPN). [locne sToro Bce naHHBIE
OBUTH HOPMAJIM30BaHBL J{JIs1 TOTO, YTOOBI KaKIBIH CHHU-
MOK TIOTIa/1ajl B TECTOBYIO BEIOOPKY, BCE PacueThl U COOT-
BETCTBEHHO CIy4aiiHble MepeMelInBaHus ObLIM BBIMOJI-
HeHbl 50 pas.

Jlyisi yMeHbIIeHUs] NIepeoOyueHHss U YaCTUYHON KOM-
MeHcaIuy qucbanaHca KOJIMIeCTBO N300paXKeHUH B Kaxk-
JIOM KJlacce il o0ydaromeil BRIOOPKH OBIJIO yBEIHMYEHO
qo 10000 myrem noGaBieHUs] TPaHCHOPMHUPOBAHHBIX
cauMkoB (6510k AUGM). Tpanchopmanmm npeacTapisin
co00if W3MEHEHHA B CIYyYalHOM IOPAOKE CIIEAYIOMINX
MapaMeTpoB: MOBOPOT B MHTEpBaie oT +15 u g0 -15 rpa-
JTyCOB, CABHT BJICBO M BIIPaBO B MHTepBaie OT 1 u 1o 15
MTUKCeIel, I3MEeHEeHHe MacITada 1 IPKOCTH B UHTEpBAJe
ot 0 u 1o 10 %, MOBOPOT BOKPYT TOPHU3OHTANBEHOW OCH B
uHTepBase ot 1 u 1o 180 rpamycos, 4To obecreunBaIoCh
dhyaxmueit ImageDataGenerator, Bxoxsmiei B 6ubnnore-
Ky Keras.

Jamee ciusHUEM COOTBETCTBYIOUIMX BBIOOPOK IBYX
KJIaCCOB ObLIM COPMHUPOBAHBI MOJTHBIE BBIOOPKH 00Yy4e-
HUs, mpoBepku U TectupoBaHus (O6moxm TRAIN ALL,
VAL ALL u TEST ALL).

Juis o0yuenuss HC (6nok FIT) na ee Bxon momarorcs
TIOJTHBIE BEIOOPKH OOYYEHUS U MPOBEPKH, a TAK)KE METKH
kimaccoB 3Tux BbeIOOpok (6mokm LABEL TRAIN wu
LABEL VAL). Pesynerarom 0OydYeHHs SIBISETCS MO-
nens HC.

s TectupoBaHMsl 3TOM MOJENM OHA IOCTYNAET Ha
6ok PREDICT, xyaa Takke MocTymaeT HoJIHas BEIOOpKa
s tectupoBanns (TEST ALL) u COOTBETCTBYIOLIHIA
Habop metok kimaccos (6mox LABEL TEST).

bnok REPORT mnoka3biBaeT pe3yabTaT paboThl Mojie-
JIM Ha TECTOBBIX JaHHBIX. [I0 Ka)KIOMy KJIacCy BBIBOIUT-
cs1 uH(pOpMAIKsL [0 OCHOBHBIM KpUTEpHsIM Kiaccuduka-
muu: precision, recall u fl-score. Takxke MOKa3bIBAETCS
kosmuectBo PU B kax10M Kitacce.

Precision = TP /(TP + FP) moka3piBaer, CKOJIbKO U3
MPEeACKA3aHHBIX TIOJOKUTEIBHBIX PE3yNbTATOB SBIIS-
IOTCSI IEHCTBUTENHHO MOJIOKUTEIHHBIMH.

Recall = TP/(TP+FN) moka3siBacT, CKOJBKO OT
obmero gucia (paKTHUIECKUX MOJIOKUTEIBHBIX PE3YIIhb-
TaToB OBLIO MPEICKa3aHO KAaK MOJIOKHUTEIbHBIC.

Fl-score — cpegHee rapMOHHYECKOE precision u
recall m mpuMeHsieTcst M pacyeTa cOATaHCHPOBAHHO-
IO CpPEeIHEro pe3yJbTaTa.

I'me TP, TN, FP u FN — HCTHHHO-IIOJIOKUTECIHHBIN,
HWCTUHHO-OTPHUIATEIbHBIN, JIOXKHO-TIOJOKHUTEIbHBIA U
JIO)KHO-OTPHULATENIbHBIA PE3yJIbTaT.

s popmupoBaHUS OT4YEeTa NMPUMEHSIIACH (PYHKIHSL
classification_report OMONIMOTEKH MAIIMHHOTO OOYYEHUS
scikit-learn.

CmpyKkmypa ceepmouHoill HelpOHHOU cemu

s paspaboTtku kimaccudurkaropa PY ucmonb3osa-
nace ceeprounas HC, Ha BXojn xotopoi mogatorcst PU.
Pesynbratom pabotel obyuennoit HC sBnsercs merka,
KOTOpasi OTHOCUT M300paKEHUE K TOMY HJIM HHOMY KJiac-
cy. MeToapl NepeKpecTHOW MNPOBEPKU U PELIeTYATOro
MTOMCKA MOKa3aJlk, 4To Ty4mue pe3ynbraTsl gaet HC, co-
CTOAIIAs U3 MATH CIEAYIOUMX APYT 32 IPYTOM CBEPTOU-
HBIX cJI0eB (puc. 2). O1u ciion umenu 32, 64, 128, 192 u
256 QuIbTPOB I MEPBOTO M IOCIEAYIOIINX CBEPTOU-
HBIX CJIOEB W OJIMHAKOBBIe pasMepnl siapa (3 % 3). Ilo-
IpoOHOE OTMHMCAaHKE APYTUX CIIOEB MPpHUBEACHO B [17].

[ Beo0 uzobpasicenuii u memox }

1]

Dropout 0.25
Conv2d 32, 3x3

ReLu
GlobalAveragePooling2d
v

Dropout 0.25
Conv2d 256, 33

ReLu
GlobalAveragePooling2d
1]

Flatten
Dense 2
Softmax
1]

Buixoo
MemKa Knacca

\ J
Puc. 2. Apxumexmypa u ocrHogHble napamempul
ceépmounou HC

[Ipu 00yueHnn ucnonb3oBaics ontuMuszarop Adam
(Ir=0.001, beta 1=0.9, beta 2=0.999). B Hamem
cilydae Jydiline pe3yJbTaTbl ObLIU MONY4YEHbI, KOT/Ia B
KauecTBe (PYHKIMU MMOTEpPh MCIONIB30BAACH HE OMHAP-
Has, a KaTeropuajibHas Kpocc-aHTpomnus. OOydeHue
npoBogunau npu 350 smoxax. [lnsg mpemoTBpamieHus
nepeodydeHus MPUMEHSIACH PEryIIspU3alusl.

[Ipu BeIOOpEe apxuTekTyphl U Tunepmnapamerpo HC
HCIIOJIb30BAIACh METPHUKA

accuracy =(TP+TN)/(TP+TN+FP+FN),

OTpaXKarollasi KOJIUYECTBO BEPHO KIACCH(PUIIMPOBAHHBIX
pe3yIBTaTOB, MOIEIEHHOE Ha uX olriee KomudecTso [18].

XapakTep M3MEHeHHsI 3HaueHuil accuracy u loss-
¢byskiuu st Train u Val Bei6opok (puc. 3) ykassiBaer
Ha OTCyTCcTBHE nepeodyuenus moaenn HC.
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KauectBo kimaccudukaTopa OLEHHBAIOCH HA TECTO-
BOM Habope mo HamboJee YacTO HCIOIb3YEeMBIM MET-
pukam Precision, Recall u Fl-score [18, 19].

Loss/Accuracy
1,0

o o o
PR
-~

0,8 i ——— Train_Acc

’ —o— Val_Acc
Train_Loss

—o— Jal_Loss

0,6

0,4

0,2

0 50 100 150 200 250 300 350
Epoch

Puc. 3. HUzmenenue accuracy u loss-ghynxyuu 6 npoyecce
00yyeHUs cEPMOUHOL HelPOHHOU cemu

Br16op HamTydIen apXuTeKTypsl U THIEpIapaMeT-
poB HC ocymecTBisiicas mo MakCHMalbHBIM 3HAYEHU-
SIM 3THX METPHUK U M0 UX PAaBHOMEPHOCTH ISl KaXKJOTO
KJlacca.

Ananus NOJIY4E€HHbIX pe3)/ibmamoe

Jlyisi OUEHKH TpelcKa3aTenbHONH CIIOCOOHOCTH IOJTY-
YEeHHOTO KjaccudukaTopa OBITM BBHIOpAHBI CHHUMKH C
pasmepom: 768 x 768, 512x512, 224 x224, 112x112 u
64 x 64 mukceneii. Jlydmme pe3yabTaThl OBUTH MOTYYCHBI
Ha CHUMKax C pa3MepoM 224 x 224, u nanee NpUBEICHBI
pe3ysbTaThl 00pabOTKU 3THX U300PaKEHUIA.

B Tabn. 1 qyis TecToBOM BRIOOPKY MPECTaBICHBI 3HA-
YeHHs METPHK KadecTBa 3TOro KiaccupukKaTopa s
6oxpHBIX THEBMOHKEH 1 COVID-19.

Tabn. 1. Mempuxu mounocmu Knaccuguxamopa

precision recall fl-score Kox-zo
PU
ITaeBMoOHUS 0,99 0,99 0,99 134
COVID-19 0,91 0,95 0,93 21

IIpuBenéHnble BBICOKHE 3HAYEHMS] KPUTEPUEB Kilac-
cudpukanuu (>0,91) yOequTeNbHO CBHACTEIBCTBYIOT O
Ha/IeXKHOHM Kiaccu(uKaluu, T.. 0 Ha/Ie)KHOM OTIMYHH
PU 6onpubix mHeBMOHHKEH oT PU 601pHBIX COVID-19.

Bricokue 3HaueHus precision, mpuBeieHHbIE B Ta0I. 1
(0,99 nns mueBmonuu u 0,91 s COVID-19), yka3sia-
IOT Ha HEOOJIBIIOE KOJIMYECTBO JIOKHO-TIOJI0KUTEIBHBIX
OOHApy)KEHUI 3TUX 3a00JICBaHUMN, a BHICOKHE BEITHMYHHBI
recall (0,99 mis maeBmonnu u 0,95 s COVID-19) cBu-
JIETENBCTBYIOT, YTO KJIACCU(HMKATOP AaeT HEBEPHBIH pe-
3yJbTaT He Oojee ueM B 5 % ciayuyaeB ¢ COVID-19. bo-
Jiee BHICOKHE 3HAUSHUsI METPUK U1l THEBMOHUH BO3MOX-

HO CBSI3aHBI CO 3HAYUTEILHO OOJBIINM KOJHYeCcTBOM PU
¢ ATUM 3a00JICBaHUEM.

Bce nmoka3zarenm, mpuBeneHHbIE B Ta0M. 1, yka3pIBalOT Ha
BBICOKOE KaueCTBO KIaCCH(HKAIMH, YTO OIHO3HAYHO CBH-
JETENBCTBYIOT 0 Bo3MOykHOCTH npuMeHeHnss HC st oOHa-
pyxerus cirydaeB COVID-19 o PU rpynHoit KiteTkw.

Iporpammubie cpencrea: Win 10x64, Python 3.7,
Numpy 1.16.5, OpenCV 4.2.0, Matplotlib 3.1.1,
Tensorflow 2.1.0, Scikit-Learn 0.22.

Amnmnapathaeie cpeactBa: Intel Corei 17-7700, 32GB
DDR3, SSD Samsung 970 Pro 512GB, NVIDIA GeForce
GTX 1080.

Buoieoowt

OrneHka mpencka3aTebHOM CIIOCOOHOCTH TPENCTaB-
nennoit HC moka3zana, 4To mpu onTUMaIbHBIX TPOOOITOI-
TOTOBKE W BBIOOPE apXUTEKTYPHI, a TaKXKe MPABIIFHOM
monbope TUIepHapamMeTpoB CYMIECTBYET BO3MOXKHOCTH
cozmanusi kinaccudukaropa PU  OonbHBIX BHPYCHOM
naeBMonneit 1 COVID-19 6e3 mpuBiedeHHsT TOTOBBIX
CIIOKHBIX MOfeJie n 0e3 MpenBapuTeNbHOr0 O0ydeHHs
Ha CTOPOHHHUX JaHHBIX.

YBemnuenne komumdectBa PU GompHpIx COVID-19
MPUBEICT K IMOBBIMICHUIO TPEACKA3aTEIbHON CIOCOOHO-
CTH KJIacCU(PHUKATOPa M CO3JAHUIO UyBCTBUTEIBHBIX H
HAJEXKHBIX  DIKCIPECC-METOAOB  JWAarHOCTUKH,  YTO
YMEHBIINT Harpy3Ky Ha CHCTEMY 3paBOOXPAaHECHUS.

Co3HaBasi OCTPYIO0 HEOOXOAMMOCTH CO3/IAaHHS BBICOKO-
TOYHBIX W MPAKTUYECKUX PEIICHUH 10 ONepaTHBHOMY 00-
HapyxkeHnto COVID-19, aBTopsl TOTOBBI NpPEAOCTaBHUTH
BCIO HMH(OpMaNIWio, MOMYYEHHYI0 B XOJ€ BBIIOJHEHUS
TaHHOW paboThl, B T.4. n ucxoauslii kox HC, HaygHOMY
COOOIIIECTBY U 3aMHTEPECOBAHHBIM Pa3pabOTIMKAM.

bnazooapnocmu

PaboTa BBINONHEHA TPU TMOJAEPIKKE ITPOTPAMMBI
«[loBblllIEHNE KOHKYPEHTOCIIOCOOHOCTH BEAYIIUX YHH-
BepcuteTtoB P®y» (mpoekt 5-100), wontpakt Ne(02.a
03.21.0005, 27.08.2013.

Jumepamypa

1. Wu, F. A new coronavirus associated with human respirato-
ry disease in China / F. Wu, S. Zhao, B. Yu [et al.] // Na-
ture. — 2020. — Vol. 579, Issue 7798. — P. 265-269.

2. World Health Organization. Pneumonia of unknown cause —
China [Electronical Resource] - 2020. - URL:
https://www.who.int/csr/don/05-january-2020-
pneumonia-of-unkown-cause-china/en/ (request data
2.11.2020).

3. BecemoBa, E.M. HoBas kopoHaBupycHass HHGEKIus /
E.N. Becemnoga, A.E. Pycckux, I'.JI. Kamunckuit,
O.B. JloBauera, A.I'. CamoiinioBa, M.A. BacunseBa // Ty-
Oepkyné3 u 6one3nn nérkux. — 2020. — T. 98, Ne 4. — C. 6-
14. - DOI: 10.21292/2075-1230-2020-98-4-6-14.

4. Mammnua, T.A. CpaBHEeHHE AITOPUTMOB BBIIEIEHUS 00JIaCTH
HHTEpeca Ha KOMIBIOTEPHBIX TOMOTpamMMax JIETKuUX /
T.A.lammna, A.B.Taiinens, ILM. 3emsrep, A.B. Kammm-
HHukoB, A.B. Huxonopos // Komnbrorepnas onruka. — 2020. —
T.44,Ne 1. —C. 74-81. —DOI: 10.18287/2412-6179-CO-659.

152

Computer Optics, 2021, Vol. 45(1) DOI: 10.18287/2412-6179-CO-765



Kiaccuuxamms peHTTeHOBCKHX H300paXkeHHI Ipy JHON KIETKH OOJILHBIX BUPYCHOW THEBMOHMUEIT. .. Edpemues B.I'. u np.

5. Li, L. Using artificial intelligence to detect COVID-19 and | 12. Das,D. Truncated inception net: COVID-19 outbreak screen-

community-acquired pneumonia based on pulmonary CT: ing using chest X-Rays / D. Das, K.C. Santosh, U. Pal // Physi-
Evaluation of the diagnostic accuracy / L. Li [et al.] // Radi- cal and Engineering Sciences in Medicine. — 2020. - Vol. 43,
ology. — 2020. — Vol. 296, Issue 2. — P. E65-E71. — DOL: Issue 3. - P. 915-925. — DOIL: 10.1007/s13246-020-00888-x.

10.1148/radiol.2020200905. 13. Apostolopoulos, I.D. COVID-19: automatic detection from X-

6. Nath, M. Automatic detection of pneumonia from chest X- Ray images utilizing transfer learning with convolutional neural
Rays using deep learning / M. Nath, C. Choudhury. — In: networks / 1.D. Apostolopoulos, T.A. Mpesiana // Physical and
Machine learning, image processing, network security and Engineering Sciences in Medicine. — 2020. — Vol. 43, Issue 2. —
data sciences / ed. by A.Bhattacharjee, S.Borgohain, P. 635-640. — DOLI: 10.1007/s13246-020-00865-4.

B. Soni, G. Verma, X.-Z. Gao. — Singapore: Springer, 2020. 14. Tuncer, T. An automated residual exemplar local binary
—P. 175-182. - DOI: 10.1007/978-981-15-6315-7_14. pattern and iterative relieff based COVID-19 detection

7. Okeke, S. An efficient deep learning approach to pneumo- method using chest X-Ray image / T. Tuncer, S. Dogan,
nia classification in healthcare / S. Okeke [et al.] // Journal F. Ozyurt // Chemometrics and Intelligent Laboratory Sys-
of Healthcare Engineering. — 2019. — Vol. 2019. — 4180949. tems. — 2020. — Vol.203. — 104054. — DOI:
—DOI: 10.1155/2019/4180949. 10.1016/j.chemolab.2020.104054.

8. Swapnarekha, H. Role of intelligent computing in COVID- 15. CoronaHack -Chest X-Ray-Dataset. Classify the X-Ray im-
19 prognosis: A state-of-the-art review / H. Swapnarekha [et age which is having Corona [Electronical Resource]. —
al.] // Chaos, Solitons & Fractals. — 2020. — Vol. 138. — 2020. — URL: https://www.kaggle.com/praveengovi/
109947. —DOL: 10.1016/j.cha0s.2020.109947. coronahack-chest-xraydataset (request data 2.11.2020).

9. Wang, L. COVID-Net: A tailored deep convolutional neu- 16
ral network design for detection of COVID-19 cases from
chest X-Ray images [Electronical Resource] / L. Wang,

. Foncanec, P. IludpoBas o0OpaboTka uzoOpaxeHuit /
P. T'oncanec, P.Bync. — Mocksa: Texnocdepa, 2005. —

; ! 1072 c.
A.Wong // arXiv preprint. - 2020. - URL: )
https://arxiv.org/abs/2003.09871 (request data 2.11.2020). 17. i‘;”’z%el’gq" Imy6oxoe obyuenne na Python. — CI16.: Tlu-

10. Ozturk, T. Automated detection of COVID-19 cases using

deep neural networks with X-ray images / T. Ozturk [et al.] | 18- Mioi1ep, A. Beenerne B mammHHOe 00yuerue ¢ nomo-

// Computers in Biology and Medicine. — 2020. — Vol. 121. upio Python / A. Miomnep, C.T'suno. — M.: Buibswmc,
—103792. — DOI: 10.1016/j.compbiomed.2020.103792. 2016.

11. Loey, M. Within the lack of chest COVID-19 X-Ray da- | 19. ?Kepon, O. [Ipuknazsoe MammHHOE 06Y4eHHE C TIOMOLIBIO
taset: A novel detection model based on GAN and deep Scikit-Learn u TensorFlow: koHuenuuu, MHCTPyMEHTBI K
transfer learning / M. Loey, F. Smarandache, TEXHUKH [ CO3[aHHsS UHTEJUIEKTyalbHBIX CHCTEM /
N.E.M. Khalifa // Symmetry. — 2020. — Vol. 12. — 651. — O. XKepon; mep. ¢ aurn. — Cnb.: OOO "Anbda-kHura",
DOI: 10.3390/sym12040651. 2018.

Ceéedenusn 06 asmopax

Edpemues Bagum I'puropbesny, 1950 roga poxxaenus, B 1972 rony oxonumn KonomeHCKHH megarormyecKuii
MHCTUTYT 10 cnennanbHocTn «®Dusuka», k.¢.-Mm.H. (1981). OOnacTe HayYHBIX HHTEPECOB: KOMIIbIOTEpHas 00padoTka
n300pakeHuH, IporpaMMHpoBaHue, HeipoHHble ceT. E-mail: evadim07@gmail.com .

Edpemues Huxonaii I'puropsesny, 1950 roga poxnaenus, B 1972 roxy oxkonunn KojgomeHckuil negaroruueckuii
MHCTUTYT 10 crenuanbHocTu «@usnkay. OOJacTh HayYHBIX MHTEPECOB: KOMIIBIOTEpHAsk 00paboTKa n300pa)KeHHH,
nporpaMMupoBaHue, HelpoHHble ceTH. E-mail: enick07@gmail.com .

Terepun EBrenuii Ilerposuny, 1948 rona poxaenus, B 1974 rony oxkonunn Bececoro3Hblil 3a0UHBINH MallTHHOCTPOU-
TEJBHBIA UHCTUTYT MO crenuaibHOCTH «[IprOOpsl TOUHOW MeXaHHUKHY», 3aB. Kadenpoi ¢usuku KoBpoBckoii rocymap-
CTBCHHO# TeXHOJIorHuecKoi akagemun uMm. B.A. Jlertspera, aA.T.H. (2004 r.). O01acTh HAyYHBIX HHTEPECOB: IEKTPO-
MarHuTHOE I10JIe BO B3aUMO/ICHCTBUH C BELIECTBOM, (DM3HMKA )KUAKOTO COCTOSHHSI, HEHPOHHBIE CETH.

E-mail: phys-tep@mail.ru .

Terepun Ilerp EBrenveBuu, 1987 roga poxxnenus, B 2010 roqy oxonumn HanuoHanbHBIH HCClen0BaTENbCKUI
snepHblii yauBepcuter « MUON» no cnenuanbHocTH «PH3KMKa KOHASHCHPOBAHHOTO COCTOSIHUS BEILIECTBA», K.().-M.H.
(2013), pabotaer BeaymuM umkeHepom B HUSIY MU®U. O6nacth HaydHBIX HHTEPECOB: JACTEKTOPHI JIEMEHTAPHBIX
YacTHIl, OCAXKJICHUE TOHKHX IUICHOK, HepoHHbIe ceTu. E-mail: peteterin@mephi.ru .

Bazasayk Erop Cepreesuy, 2008 rona poxxaenus. dPu3znko-mMaTeMaTudeckuit nuiei «BTtopas mkosua», r. Mocksa.
O0sacTh Hay4YHBIX MHTEPECOB: KOMIIbIOTEpHAs 00paboTka H300paXKeHUil, TPOrpaMMHUpOBaHKe, HEHPOHHBIE CETH.
E-mail: bazavluk2008@gmail.com .

I'PHTH: 28.23.15
Iocmynuna 6 peoaxyuio 13 uona 2020 2. Oxonuamenvuwiil sapuanm — 9 dexabpa 2020 e.

KomnbrorepHas ontuka, 2021, tom 45, Nel  DOI: 10.18287/2412-6179-CO-765 153
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Abstract

The use of neural networks to detect differences in radiographic images of patients with pneu-
monia and COVID-19 is demonstrated. For the optimal selection of resize and neural network ar-
chitecture parameters, hyperparameters, and adaptive image brightness adjustment, precision, re-
call, and fl-score metrics are used. The high values of these metrics of classification quality (>
0.91) strongly indicate a reliable difference between radiographic images of patients with pneu-
monia and patients with COVID-19, which opens up the possibility of creating a model with good
predictive ability without involving ready-to-use complex models and without pre-training on
third-party data, which is promising for the development of sensitive and reliable COVID-19 ex-

press-diagnostic methods.
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