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Bausinue mymMa «C0Jib U nmepein> Ha TOYHOCTh KJIaCCI/I(l)I/IKaIlI/II/I
PEHTI€HOBCKHX CHUMKOB JICI'KHX HeﬁpOHHbIMH CceTaAMNU

AHHoOTanusi: B craThe mpencTaBlIeHbl pe3yJbTAaThl MCCIENAOBAHUS BIUSHUS IIyma
«CONIb W TEpel» Ha TOYHOCTb PE3yJIbTAaTOB 33/a4 KJiacCU(UKALUU PEHTTCHOBCKUX
CHUMKOB JIETKUX C HCIIOJb30BaHHMEM HeWpoHHbIX ceTeil. Llenb mpoBegeHHOrO
MCCIJIEIOBAHMSI — ONPEEIICHUE BIMSHUSI UMITYJIbCHOTO IIIyMa pa3HOM MHTEHCUBHOCTHU Ha
TOYHOCTh KJIACCU(UKALMU CHUMKOB 3/JOPOBBIX JIETKHX, @ TaK)K€ CHUMKOB JIETKHX C
OakTepuaabHOM WM BUPYCHOM MHEBMOHHMEH. bBpUIM UCHONB30BaHBI JiBa METOJA
MpeBapuUTeIbHON  00pabOTKM JIaHHBIX: CTPOroe C)Karue U MPOMOPLUOHAIBEHOE
MacmrabupoBanue. Ob6a MeToma TPOJSMOHCTPHPOBAIA CHHKCHHE TOYHOCTH C
YBEJIMUYEHUEM TIPOIIEHTA IyMa, YTO CBA3AHO C MOTEPEl JeTanu3aliy Ha 3alIyMJICHHbIX
M300paKCHUSX.

KiloueBble cjioBa: 370poBble JIerKHe, OakTepuaabHas IMHEBMOHUS, BHpYCHas
THEBMOHUS, HEHPOHHAsI CeTh, KiacCHUKaIMs, MpenoopadoTka M300paKeHUH, IIyM
«COJIb U TIEPEI», TOYHOCTh ¥ YyBCTBUTEIBHOCTb.

Sagirova A.R., Osipov E.A.
The effect of '"salt and pepper' noise on the accuracy of
classification of lung x-rays by neural networks

Abstract: The article examines the effect of "salt and pepper" noise on the accuracy of
classification of lung X-rays performed using neural networks. The aim of the study
was to study how noise of different intensity (1,5,10 and 15%) affects the accuracy of
classification of healthy lungs, as well as lungs with bacterial and viral pneumonia. Two
methods of data preprocessing were used: strict compression and proportional scaling.
Both methods demonstrated a decrease in accuracy with an increase in the percentage of
noise, which is associated with the loss of details important for classification.

Keywords: healthy lungs, bacterial pneumonia, viral pneumonia, neural networks,

classification, image preprocessing, salt and pepper noise, accuracy and sensitivity.

BBenenue

B ychoBusx pactymieil Harpy3kd Ha MEIUIIMHCKHE YUYPCKICHUS W
nedunuTa  KBATU(HUIIMPOBAHHBIX  CIEIUAIMCTOB, BOMPOC  MPHUMCHCHHSI
aBTOMATU3UPOBAHHBIX CHUCTEM JUArHOCTUKM B MEAWIIMHE CTal BeChMa
aKTyasieH. Takue CHCTEMBI CIOCOOHBI 00padaThIBaTh OTPOMHBIC OOBEMBI
JTAHHBIX U BBISBIIATH MATOJIOTUU C BHICOKOM TOYHOCTHIO. Hampumep, BhIsIBICHUE
naToJIoTHii 3a00JeBaHU JIETKHX, TJE€ paHHEe OOHApPY)KCHHE HEIyra MOXKET
CYIIIECTBEHHO MOBBICUTH IIAHCHI HAa YCIIENTHOE JICYCHUE.
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TeM He MeHee, C aBTOMATU3alMeil JUAarHOCTUKH BO3HUKAIOT U CEPhE3HbBIC
BbI30BBI. OHUM W3 HaWOOJIee 3HAYUTEIBHBIX SBISICTCS HAJIUYHME ITyMa THIA
«COJb W Tepel» Ha MEAMIMHCKUX JaHHBIX [1, 2], KOTOphle MOTYT HCKa3WUTh
pe3yabTaThl aHAIN3a U IPUBECTH K HEBEPHBIM 3aKIIIOYEHUSIM. JTOT BUJ IIyMa
0COOEHHO OIACEH, TaK KaK OH MOXET UMUTHUPOBATh MAaTOJIOTUH, YTO CTaBUT MO/
yIpo3y TOYHOCTb IMArHOCTUKH [3].

HecMoTpst Ha 3HaUUTENbHBIE JOCTHXKEHHS B 00JIACTH TIIyOOKOT0 OOy4eHHs,
YCTOMYMBOCTh CBEPTOUYHBIX HEHPOHHBIX CETeH K pas3IMyHBIM BUIAM IIymMa
ocTaéTcsl HEAOCTaTOYHO M3yuYeHHOU. MccnenoBanue BIMSAHMS IITyMa THIIA «COJIb
W Tepely Ha MPOU3BOJUTEIHHOCTh HEUPOHHBIX CETE MOXKET NPUBECTH K
co3fmaHuio Oonee HAAE&KHBIX H  yCTOWYUBBIX QITOPUTMOB, CIOCOOHBIX
o0OecrieuynBaTh BBICOKYI0 TOYHOCTh TUArHOCTUKH. JlaHHOE wWccieqoBaHWE HE
TOJIBKO AaKTyaJlbHO, HO M HEOOXOJMMO [Jisi JaJIbHEUIIEero pa3BUTHUSA
aBTOMATU3WPOBAHHON MEIUIIMHBI.

[lenbt0 TaHHOTO MCCIEAOBAHUA SIBISECTCA W3YyUCHHUE BIIUSHUS IIyMa THUIIA
«COJIb U TIEpeI» Ha TOYHOCTH KJIACCU(PUKAIMUA PEHTTEHOBCKUX CHUMKOB JIETKHX
HEUPOHHBIMU CETSIMU C HCIIOJIb30BAaHUEM JIByX METOAOB IMPEABAPUTEILHON
00pabOTKH JIaHHBIX: CTPOTOE CKATHE U MPOMOPIUOHATHHOE MAaCIITAOUPOBAHHE.

Pe3ynbraThl uCCIEAOBaHUS MO3BOJAT PACHIMPUTH 3HAHUS O BIMSHUU
IIYMOB Ha KJIACCU(PUKALIUIO PEHTTEHOBCKUX CHUMKOB JICTKHUX.

MeToabl W HMHCTPYMEHTHI O00padOTKM H300paxkeHUil W 00y4eHUs:
HEePOHHBIX ceTeH

Jyist mpoBeeHUs SKCIIEPUMEHTA ObLITH TPUMEHEHBI PEHTICHOBCKHNE CHUMKH
nerkux u3 Habopa nanHbix Curated Dataset for COVID-19 Posterior-Anterior
Chest Radiography Images (X-Rays). B pa6oty Obuim B3saThl 7593 cHHMKa
JeTKUX, KOTOPBIE COCTOSUIA W3 TPEX TPYIIL: 3I0pOBbIE JIETKHE, a TaKXKe
MOpa’KEHHbIE BUPYCHOM U OaKTepHUabHON THEBMOHUEH.

[lepen oOydenuem wu300pa)keHUss OBUIA TMOATOTOBJICHBI JJISI TOJAYU B
HEHPOCETh IBYMs Pa3HBIMU CITIOCOOAMHU.

[lepBbiii BapumaHT 0O0pabOTKH MEIMIIMHCKUX CHUMKOB. WM3o00paxeHue
peo0pa3oBbIBATIOCh B OTTEHKH CEPOTrO, UYTO IMO3BOJUIIO YIPOCTUTHh CTPYKTYPY
JTAHHBIX U CHU3UTh BBIYUCIIHUTEIIbHYIO HArpy3Ky. 3aTeM pa3Mepbl n300paKeHHit
CTPOro yMeHbIaauch 10 dopmara 227x227 mnukceneit, obecrneunBas
CTaHJapPTHU3AIMIO BXOJHBIX JAHHBIX JJIS TOCenyronei oopaboTku u 00ydeHus
monenu. ClenyromuM 3TarmoM ObUTO TTpeoOpa3oBaHre U300paKEHU B TEH30PHI,
YTO JIeJIaeT BO3MOXKHBIM 3(P(EeKTHBHOE MCIOJIb30BaHUE OUOIUOTEK TTyOOKOTro
oOyuenwusi, Takux kak PyTorch. 3aBepmaroniym maromM sBisjach HOpMaITA3AIHS
3HAUYEHUN THUKCeNIel, 4TO CHOCOOCTBYET YCKOPEHHIO mpolecca OOy4eHHs U
yIIYYIIEHUIO Ka4yecTBa CXOIUMOCTH MOJICTIH.

Bropoii BapumaHT 00pabOTKM MEIMIIMHCKUX CHUMKOB. BTOpoii BapmaHT
CXO0X C TIEPBBIM, HO pa3Mep M3MEHSJICS YMEHBIIICHHEM MEHbIICH CTOPOHBI 0
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227. bonpiias COOTBETCTBEHHO TOXE YMEHbINAIAch [UIsI COXpPaHCHHUS
nponopiun nzodpaxkenus. Hanpumep, nuzobpaxkenue umeet pazmep (H, W), rue
H - Beicota, W — mmupuna. Ecnu H > W, To HoBoe pazpemienne Oyner (H * 227 /
W, 227), unaue (227, W * 227 / H). Jlamee mpousBoauTcs OWKyOHUeCKas
WHTEPTOJIAINSA, KOTOPBIM OEpPEeKHO COXpaHSIET KauyeCTBO H300PKCHHS HaKe
Py M3MEHECHWH MaciiTada. DTOT METOJ aKKypaTHO BBIYMCIISIET HOBBIC I[BETA
MIPOMEKYTOUHBIX TOYEK, MHUHUMUBHPYS apTe(akTel M COXpaHsAs YETKOCTH
KOHTYpPOB OOBEKTOB. 3aTeM BBIpE3acTCs ICHTpalbHAsA 00JIACTh M300PAKCHUS
pasMepoM 227x227 maKcesen 1 HOpMaau3yeTCs.

B  pabore  wmcmomp3oBaiiack  momyJspHas ~— QYHKIUS ~ [OTEPb
CrossEntropyLoss, koTopas coderaeT B cebe softmax-akTUBamuioo W
oTpuratenpHoe Jor-npaBaonogooue (NLL), uyto nemaer e€ ymoOHOM st
oOy4eHHs MOJIeTIeH, MPEeICKa3bIBAIONINX BEPOSITHOCTH KIaccoB [4].

CrnenoBaTelibHO, PACCMOTPEHHBIE TMOJXOJbl M CPEACTBA MPEAOCTABIISIOT
MOIIHBIA apceHan uisi 00pabOTKM W WCCIICIOBaHHS BH3YyaJbHBIX aHHBIX,
CIIOCOOCTBYSI TIOBBIIICHUIO KaYeCTBA O0OYUYEeHHsI HEHPOHHBIX CEeTEH.

3KCHepl/IMeHTaJIbHaﬂ 4acTb

OOyuenne mpoBoaWiIOCH Ha  HeiliponHoW cetu  AlexNet, rme
KJIaCCU(UIIMPOBAIUCh ~ PEHTTCHOBCKME  CHUMKHA  JIETKUX  0€e3  IIyma.
OpuruHaiabHas apXUTEKTypa OblJIa HEMHOTO MOJU(PUIIMPOBAHA IJI aJanTaluu
K 3a/1a4e.

AlexNet, aHaJOTMYHO OPUTHHAIBHOM apXUTEKType, BKIIOYAET BOCEMb
0o0y4aeMbIX CJIO€B, U3 KOTOPBIX TSTh SBISIIOTCS CBEPTOYHBIMH, a TP —
MOJTHOCBSI3HBIMHU.

st mepBoro cBepTouHoro ciosi AlexNet OblUT yCTaHOBIEH BXOJSIIUI
KaHaJl paBHbBIN 1, Tak Kak M300pakeHue MepeBOAMIOCH B YEPHO-OebIi (popmar.
Tak xe ucnonp3oBasioch 64 ¢dunbTpa, BMecto 96, pasmepom 11x11, koTophie
npuMeHsuiuch ¢ maroM 4 nwmkcens. [locie mepBoro ciost ciienoBan Clou
MOABBIOOPKH (max pooling), KOTOPBIM yMEHbIIaN pa3Mep BBIXOAHBIX JaHHBIX U
noMoras  u30exarh nepeoOydeHus. Bo  BTOpOM  CBEPTOUHOM  CJIO€
HCTIOJIB30BaANOCh 256 PUIBTPOB pa3zMepoM 5X5, TakKe C MOCIACAYIOMHNM CI0eM
NMOoABBIOOPKHU. TpeTuit, yeTBepThld M MATHIA CBEPTOUYHBIE CJIOU HMCIOIH30BAIU
384 u 256 (GuabTPOB, COOTBETCTBEHHO, C MEHBIIMMH pa3MeEpaMH siiep U C
YMEHBIIIEHUEM NapaMEeTPOB, UYTO YIIy4IIalO KaueCTBO HM3BJICUECHHS MPU3HAKOB.
[Toce cBEepTOYHBIX CIOEB M300pa)KEHHE MPOXOAHIIO Yepe3 TPU MOTHOCBI3HBIX
cinos. IlepBblil mONHOCBA3HBIN cliol coaepxain 4096 HepOHOB, YTO MO3BOJISIO
ceTh 00pabaThiBaTh CJIOXXKHBIE KOMOWHAIIMM W3BJICUYEHHBIX TPU3HAKOB.
BBIXOAHBIX KJIACCOB YMEHBIIWJIOCH A0 3 - HOPMaJlbHbIE JIETKUE, JIETKUE C
MpU3HaKaM¥u OAKTEpHATLHON U BUPYCHON ITHEBMOHUN COOTBETCTBEHHO.

[IpenBaputenbHas o0paboTka HM300pakeHW  BKJIOYala  CO3JaHHE
UCKYCCTBEHHBIX IIYMOB «COJb W mepely. Omnpeaensuiuch pa3Mepsl
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N300pKEHUI IS MOACYETa OOIIETro Yrciia MUKCENeH 1 U3 3TOU MUQpPhI Opacs
ONpE/ICJICHHBIN MPOUEHT NMUKceneH, B HameM ciaydae 1, 5, 10 u 15%, koTtopsim
PaHIOMHBIM 00Pa30M NPUCBAUBAJICS YEPHBIN MK OeJibli LBeT (puc.l).

Pucynok 1. 3anrymieHHble peHTT€HOBCKME CHUMKH Pa3HOM HHTEHCUBHOCTBIO
a) npumeHeHue 1% mryma «coib u nepeny; 0) npumenenue 10% mryma «coJib U neper»

[Iponieaypa TeCTHpOBAaHHUS IPOBOAMIIACH HA H300paKEHUAX C IIymMaMu
TUNA «COJb W TIepely pPa3IMYHOM HWHTCHCHUBHOCTU, MCIIOJB3YS Ty K€
npeaoOpaboTKy, YTO M MPU OOYUYEHHH, C IETbI0 OLICHKH BIUSHHUS Pa3IUIHBIX
METOJI0B IIPe00pabOTKH HAa KAYECTBO KJIacCU(pUKAIIUA MOJIEIH.

KuroueBbie nokazaresn 3ppekTHBHOCTH MoAesIeil KiacCu(puKanun

PaccMoTpyM OCHOBHBIE METPHUKHU, TMO3BOJISAIONIME OIEHUTh YCIEIIHOCTh
KJIacCU(UKAIIUN.
Accuracy (TouHocth). Jlonsi mpaBWIBHBIX MpEICKa3aHUM Cpeau BCEX
MPOTHO30B.
Accuracy=TP + TN /TP + TN (1)
+ FP + FN
rae TP — uctuHHO nonoxurenbabie, TN — UCTHHHO oTpuliaresibHbie, FP
— JI0’KHO TOJIO)KHUTENbHBIE, FN — JIO)KHO OTpULIaTEIbHBIE.
Precision (Tounocth). Jlonis BepHO MpeaCKa3aHHBIX MOJOKUTEIHHBIX
CJIy4aeB CPE/IM BCEX MPEICKA3aHHBIX MOJ0KUTEIbHBIX.
Precision = TP / TP + FP (2)
Recall (UyBcTBUTENBHOCTH). J{0Js1 BEpHO MpeCKa3aHHBIX MOJIOKUTEIBHBIX
CJIy4aeB CPEJIM BCEX PEAJIbHBIX MOJIOKUTEIbHBIX.
Recall=TP /TP + FN 3)
F1-Score (bananc Tounoctu u noiaHothl). KomOounupyet Precision u Recall
B OJIHY METPHKY.
F1 =2 - Precision - Recall / (Precision 4)
+ Recall)

Pe3yabTaThl IPOBOAUMBIX IKCIIEPUMEHTOB.
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B pesynbraTe nccnenoBaHus Ha pUCYHKax 2-5 Mbl BUJIUM, YTO 3JI0POBBIE
CHUMKH JIETKUX JEMOHCTPUPYIOT HaMOOJBIIYI0 YCTOMYMBOCTH K HIIYMOBBIM
UCKOKEHUSIM Cpeld BceX KiaccoB 3abonieBaHud. CHUMKU OaKTepUaIbHOM
MMHEBMOHUU TIOKA3bIBAIOT HEMHOIO XYK€ pe3yibTaThl MO CPaBHEHHUIO CO
CHUMKAaMH 3JI0POBBIX JErKUX, OJHAKO 3HAYUTEIHLHO MPEBOCXOMAAT IMOKa3aTelu
KauecTBa KJIACCH(PUKAIINK MTPU BUPYCHOW ITHEBMOHUM.
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Pucynok 2. 3aBUCMMOCTb TOUHOCTH OT YPOBHSI IITyMa «COJIb U NEPEL
a) MepBbIi BapuaHT; 0) BTOPOI BapuaHT
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PI/ICYHOK 3. 3aBHCHUMOCTbD IIOJIOKUTEILHONH TOYHOCTH OT YPOBHA IIyMa «COJIb U MEPCH»
a) TIEpBBIN BapuaHT; 0) BTOPOH BapuaHT
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Pucynok 4. 3aBUCMMOCTb UyBCTBUTEIBLHOCTH OT YPOBHS LIyMa «COJIb U MIEPEL
a) MePBEIil BapHaHT; 0) BTOPO BapuaHT
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Pucynok 5. 3aBucumocts F-Mepbl OT ypOBHS 1IyMa «COJIb U IIEpEL»
a) MepBbIA BapuaHT; 0) BTOPOIl BApUAHT

Bo3moskHas npudrHa — 0COOEHHOCTh BU3yalIM3allii 04aroB 3a00JI€BaHUS:
OakTepualibHasi TTHEBMOHUS BBI3BIBACT JIOKAJbHBIE HW3MEHEHHS CTPYKTYpPbI
TKaHEW, KOTOPbIE MOTYT TE€PATHCS MPU BBICOKOM YPOBHE 3alIYMJIEHHOCTH, TOTAA
KaK BUPYCHas MHEBMOHMS Xapaktepuszyercs Tud(Py3HbIMH HU3MEHEHUSMU U
4acTO JIBYCTOPOHHUMH TMOPAXKEHUSAMH, JIETKO CKPBIBAEMBIMU CIIyYalHBIMU
apredaktamu. M30bITOUHBIE 3aTEMHEHHUS OT BO3JCUCTBHS IIyMa MPUBOIAT K
MOSIBIICHUIO MHOXXECTBA JIOKHOIOJIOKUTEIbHBIX PE3YyJbTaTOB U CHHXXAIOT
OOIIy¥0 TOYHOCTH MOJICIIH.

CpaBHeHUE JBYX METOJOB MpenoOpabOTKH MOKa3bIBAET, YTO HA YHMCTHIX
M300paX)EHUSIX JIETKUX MEPBBIA METOJ| IEMOHCTPUPYET TOUHOCTh 88,85%, Torna
Kak BTOpol — 86,94%. OnHako NMpW yBEIMYEHHH YpPOBHSA IIYMOB TOYHOCTb
MEepPBOro METoJa CHUXKAETCs ObIcTpee: mpu myme B 15% ero To4YHOCTh Majaet
10 79,39%, B TO BpeMsi Kak BTOPOM COXpAHSIET MOKa3aTesb Ha YpoBHE 85,91%.

3akJIroueHue

VYBenuueHue ypoBHs IIyMa «COJIb M TEpel» CYIIECTBEHHO 3aTPYIHSET
KiIaccu(ukanuio M300paKEHHUs PaclO3HABaHUE 3J0POBBIX  H300paKEHHI
OCTaETCSI OTHOCUTENIBHO JIETKUM BIUIOTH JIO MOBBIIIICHUS MHTEHCUBHOCTH IIIyMa
no 15%, a uneHTudUKaUs BUPYCHBIX H300pakKE€HUW CTAHOBHUTCS KpailHe
CJIOKHOW 3a7a4eil BCIICICTBHE MaJI03aMETHBIX KOHTPACTHBIX XapaKTEPUCTHK,
KoTopble 3((EeKTUBHO CKpbIBalOTCS jAoOaBieHueM Iyma. HcciaepoBaHue
MOAYEPKUBACT HEOOXOIUMOCTh NAJIBHEHIIEr0 HM3y4eHHUsI METOJ0B 00pabOTKU
3aIIyMJICHHBIX HM300pa)KEHUS [JI1 TIOBBIIEHWS TOYHOCTH PACTO3HABAHUS
00Je3HeN JerKuxX.
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