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KNACCNDPUNKALNA NMALUMNEHTOB C COVID-19
Nno MEANUNHCKM N3OBPAXXEHUAM
C CNONb30OBAHVEM CBEPTOYHbIX HEMPOHHbLIX CETEN

CLASSIFICATION OF COVID-19 PATIENTS FROM MEDICAL IMAGES
USING CONVOLUTIONAL NEURAL NETWORKS

B paHHoll paboTe nokasaH NOAX0M K PELLEeHMIO 3afaun Knaccuhnkauy peHTreHOBCKUX CHUMKOB pyaHO
yacTM 3[0pOBOro 4enoeeka u ¢ Haamumem COVID-19. MeTog npeacTaensieT cob6oii 06yyaeMyto CBEPTOUHYHO
HelPOHHY0 ceTb. [NonyyeHHble pe3ynbTaThbl NO3BOAAKT COBEPLUEHCTBOBATb CYLLECTBYHOLLME NOAX0AbI 1 METOAbI
B 06nacTv Knaccudmkaumym MegumuMHCKUX m3obpadkeHuin ¢ COVID-19, a TakoKe MofyunTb BCMOMOraTeNbHbINA
MexaHu3m ansa sbisisneHns COVID-19 y nauneHTOoB.

Kntoueble cnosa: COVID-19; CNN; MCKYCCTBEHHbI/i WHTENNEKT; CBEPTOYHble HEpOHHblE CeTU;
Knaccuimkauma n3obpa>keHnii

This paper shows an approach to solving the problem of classifying X-ray images of the chest of a healthy
person and with the presence of COVID-19. The method is a trainable convolutional neural network. The results
obtained allow improving existing approaches and methods in the field of classification of medical images with
COVID-19, as well as obtaining an auxiliary mechanism for detecting COVID-19 in patients.
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BeefeHue

[narHoctmposaHne nauyneHtoB ¢ COVID-19 kak npaBuio CBA3aHO C MHEBMOHUEN W
peHTreHorpaguent rpyaHoin Knetku [1]. PeHTreHorpaus rpyaHoil KNeTku - OAMH U3 FNaBHbIX
MEeTOA0B AuarHoctuposaHus 3abonesaHns COVID-19. Hwxke Ha puc. 1 npvBefeH npumep
PEHTreHOBCKOro n3obpaxerHus naumeHTta ¢ COVID-19.

PucyHOK 1 - PeHTreH rpyfHoi knetku naumeHTta ¢ COVID-19 [2]
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CyulecTByeT psf KNaCCUYECKMX METOAO0B MalUMHHOrO O6y4YeHWs, KOTOpble paHee
1CNOMb30BA/INCh [/1 aBTOMATMYECKON KnacCuukauuy MeauUMHCKUX M306paxeHnid [3-7].
Hanpumep, B [4] Tpu cTaTnyecKnx npusHaka bbinmn paccymTaHbl N0 TEKCTYpPe, YTOObI pasinyarb
[06POKaYECTBEHHbIE N 3/10KAYECTBEHHbIE Y3e/KN B JIETKUX C WCMNo/b3oBaHveM SVM meToja
OMOPHbIX BeKTOpOB. MeTofpbl [6-7] OCHOBaHbl Ha WCMO/Ib30BAHUM CBEPTOUHbIX HEVPOHHbIX
cetei CNN c npefobyyeHHbIMM MOLENSAMU, MOCTPOEHHbIMKU Ha apxuTekType Xception.
OCHOBHas naes ncnosnb30BaHUA Npefo6yYeHHbIX CBEPTOUHBLIX HEMPOHHBIX CETE COCTOUT B TOM,
4yTOObl MepedaTb MOMYYEHHble paHee «3HaHWA» OT MpeABapuTENIbHOro 00y4eHWs. [aHHbIN
Crnocob 6bICTpee N NPaKTUYeH B NMPUMeHeHUM 6e3 HeobXO0AMMOCTY UCMO0/b30BaHUS OrPOMHOIO
Habopa aHHOTMPOBAHHbLIX AaHHbIX AN 00y4YeHWs, MO3TOMY MHOrME Y4eHble-uccnefoBaTenun
CKJIOHHbI UCMO/b30BaTh JaHHbIA NOAXOA AN peLleHns 3aay Knaccupukaluu.

MeToz

B paHHOM paboTe WCMNOMb3yeTcHd MOAXOL TpaHC(epHOro 06yYeHWUs CBEepPTOYHOW
HeMpPOHHON ceTun. TpaHchepHOe 06yUeHMe MOXKET ObITb PeaiM30BaHO Mo TpeM cleHapuam [9]:

1. «Herny6okasi HacTpoiKa», aganTupytoLlas ToNbKo NocnefHNIA KnaccuhnKaLMoHHbIN
C/IOM, YTOObI CNPaBUTLCA C HOBOW 3afadvet, 1 3amopaxuBatoLlas napameTpbl gpyrux croes 6e3
MOBbILLEHNA KBa/IM(UKaLmm

2. «[nybokKas HacTpoiiKa», HanpaBfeHHas Ha MOHOe nepeobyyeHre BCex NapaMeTpoB
npeasapuTeNnsHO 06YYeHHOM CETY OT Havasna [0 KOHLa.

3. «To4YHas HacTpoiKa», OPMEHTMPOBaHHas Ha WTepaTUBHbIA MNPOLECC TPEHWUPOBKM
OO0/bLLEr0 KOMMYECTBa C/I0eB, HAacCTpamMBas rnapamMeTpbl 06yYeHUs 40 MakCUMa/IbHOro KavecTsa
06yyeHus Mogenu.

[nsa o6y4yeHMs HEMPOHHOW CEeTM UCMOoNb30Ba/ICA Habop PEHTTeHOBCKMX CHUMKOB
rpyfHoi yactu yenoseka Indiana university bloomington dataset [10].

Mogenb TpaHcepHOro oby4yeHWs COCTOMT M3 Tpex 3TarnoB. Ha nepsomM 3Tare Mbl
06y4aeM OCHOBHYH NpefBapuTe/lbHO UCMONb3YEMYHO 00YUYEHHYHO HEMPOHHYI0 Mogenb [8] ans
N3BMIEYEHNSA TNTYBOKMX NIOKASIbHBIX MPU3HAKOB U3 KaXKA0ro 13obpaxeHus. [anee Mmbl NpUMeHsem
C/ON  [JEeKOMMO3WLUMM  KNacCoB, 4TOOblI YMPOCTUTL JIOKASIbHYH CTPYKTYpPY pacnpegeneHus
[aHHbIX. BTOpoi aTan 06y4yeHns 3ak/oyaeTcs B NMPUMEHEHUN TPajYEHTHOrO CMyCKa; U TPeTuil
aTan - Mbl UCNOMb3YeM YPOBEHb KOMMO3WLMM K/1acCoB TPaHCHepPHOW MOAenu 41 YTOUHEHUS
(hMHaNbHOW Knaccuukaumm n3obpaxeHnd. Hke Ha puc. 2 MoKasaHO, YTO [eKOMMo3uums
KMaccoB W KOMMOHEHTbl  KOMMO3uuuM  [06aBnsAOTCA  COOTBETCTBEHHO [0 W Mocne
npeo6pa3oBaHns MPU3HAKOB U3 NpeaBapuTeNibHO 06yyYeHHOM Mogenn [8]. dTan geKoMNo3numu,
HanpaefieHHbI Ha pa3fefieHne KaXk4oro kriacca B Habope [aHHbIX M300paXeHWA B K
MOLK/AccoB, rAe KaxXAbll nogknacc obpabaTbiBaeTcAd He3aBMCUMMO. 3aTeM 3TW MOAK/IACChI
cobuparoTcs 06paTHO C MOMOLLBIO KOMMOHEHTa KOMMO3WLMKW K/1acCcoB, 4TOObI MPOM3BECTU
OKOHYaTe/IbHYH0 KNacCU(uKaL Mo NCXOLHOro Habopa faHHbIX n3obpakeHus [10].

BbiBoabl

CBepTOYHble  HEMpPOHHble CETW  MPefocTaBnAlT  3M(EeKTMBHOE  pelleHue  Ans
06Hapy>xeHus cnyvaes COVID-19 Ha MeAMUMHCKMX M306PaXKEHUAX, AaHHbIA MOAXOL MOXET
cnocobcTBoBath B 60pbbe ¢ pacnpoctpaHeHnem COVID-19, 4To B CBOK O4yepefb ABNSETCA
OAHOM M3 cambIX akTyanbHbIX npobnem 2020 roga. MNpu TeCTMpPOBaHUM [AHHOrO MeToja
Knaccuukaumm MeauuuHCKMX nsobpaxeHunii ¢ COVID-19 gocturim TodHocTy B 94.17 % npu
MCNonb3oBaHMM npegodyyveHHoO Mogenn [8] Ha Habope AaHHbIX [10]. [aHHbIA MeTOA
MPOLEMOHCTPUPOBAST HALEXHOCTb MNPU  YC/IOBUAX HEAOCTAaTOYHOro o6beMa 06y4atoLlel
BbIGOPKM, HEPABHOMEPHOIO pacrpefenieHns JaHHbIX MeXay Knaccamu.

[JanbHeliwas paboTa HanpasfeHa Ha MOBbILLEHME KavecTBa OOYyYeHWs MoZenn W
YCOBEpLLEHCTBOBaHME MoAX0a 00y4yeHNs. Takxke paccMaTpyBaeTCs BapuaHT LOpaboTKM MeToAa
ANA OEeTEeKTUPOBAHWUA  KIacCU(MULMPOBAHNA MOMIOXKUTENbHbIX pesynbtatoB COVID-19 Ha
N306paXKeHnsX.
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