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Pesiome

B nocneaHue 10 net npovsolwna pesontoLmsa B 061aCTU KOMMNbIOTEPHOTO aHain3a M306pakeHWi 1 pacnosHaBaHWs
06pa3oB. CoBpeMeHHble afropUTMbl KOMMbIOTEPHOTO 3PEHUSA CPABHAIMCL U AaXKe B HEKOTOPbIX 3aZ4a4ax NpeB3oLuan
BO3MOHOCTU YenoBeKa. [laHHbI pbIBOK BO MHOTOM 0653aH NOABAEHUIO U Pa3BUTUIO TEXHONOTUM TNYBOKUX CBEPTOY-
HbIX HelpoceTei.

MocnepgHue HapaboTku B 061acT 06paboTKM M306paKeHUI U MaLLMHHOTO 0ByYeHNsA OTKPbIBAKOT NEPCNEKTUBY CO3Aa-
HWMA CUCTEM Ha OCHOBE UCKYCCTBEHHbIX HEMPOHHbIX CBEPTOYHbIX CETEN, MPEBOCXOAALLMX YeNOBEKA B 3a4a4ax Knaccuobu-
KaLmu1 M306pakeHunit, B YaCTHOCTM, MPU PELLEHUM 33134 aHaAN3a PA3INYHbIX MeAULMHCKMX n306pakeHunin. Cpean Hau-
60s1ee NepcrneKTUBHbIX MPUMEHEHWM: aBTOMATU3MPOBAHHOE Pacrno3HaBaHMe U KnaccuduKaLmn KOXKHbIX 3ab0n1eBaHuUi,
0b6Hapy»KeHWe NaTonormii Ha peHTreHoBcKux, KT, MPT, Y3M-usobpaskeHusax. B npeanaraemom npoekte chokycupyem
CBO€e BHUMaHWe Ha AMarHoCcTUKe 3a60n1eBaHNit KOXM YenoBekKa.

B HacTOALMI MOMEHT MefaHOMa ABNAETCA OAHWM M3 CaMbiX OMAaCHbIX BUAOB 3/10KAaYECTBEHHbIX HOBOOBpPa3oBaHMI
KOXM € BO/IbLIMM KONMYECTBOM CMepTe/IbHbIX MCXOA0B M3-3a BbICTPOro MeTacTasupoBaHus, C TPYAOM Noaaaertcs ne-
YeHuto. Pa3BuUTME TEXHONOTUI KOMMBIOTEPHOTO 3PEHUA MO3BOIUIO Pa3paboTaTb CUCTEMbI TEXHUYECKOTO 3PEHWS, No3-
BONAIOLLME OCYLLECTBNATb AETEKTUPOBAHME U KAACCUPUKALMIO KOMKHbIX 3ab0seBaHMiA C KauecTBOM, COMOCTaBUMbIM
1 B pAAe cyvyaes NpeBbIIAloWMM 3HAYEeHNA, JOCTUrAeMble YENOBEKOM.

B AaHHON paboTe aBTOpPbI NPeAnaraloT aaropuT™ s NepBUYHON SUArHOCTUKM MENaHOMbI KOXKM Ha OCHOBE INyOOKMX
HEMPOHHbIX CETEl, JOCTUTAOLLMIA TOYHOCTU ONpeeneHns MmenaHombl B 91% Ha AepMaTOCKOMMYECKUX M306pakeHw-
AX. B HacToALLMIA MOMEHT aropUTM peann3oBaH NPOrpaMMHO U UCMO/b3YeTCs B TECTOBOM BEPCUU OHAMH-CUCTEMBI
LEeTeKTUPOBaHMA M KnaccuduKaL MM KOXKHbIX 3aboneBaHuit, gocTynHoi no agpecy skincheckup.online.

Bnarogapa faHHoOM pa3paboTKe OTKPbIBAETCA NEPCNEKTUBA 3HAYMTE/IbHOTO YBE/IMYEHUA [ONIN HAaceNeHUA, NoABeprato-
werocs NpodUNaKTUYECKOMY OCMOTPY Ha NPeAMET Ha/IMuYUA KOXKHbIX 3a601eBaHUiA. HapaBHe € 3TUM, LONONHUTENbHBIN
WCTOUYHUK MHbOPMaL MK ana NpodUabHbIX CNELMANNCTOB TaKKe MOXKET CbirpaTb PO/ib B NOCTAaHOBKE BEPHOIO AMarHo3a.
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Abstract

In the last 10 years there has been a revolution in the field of computer image analysis and pattern recognition. Modern
algorithms of computer vision equaled and even in some problems surpassed human capabilities. This jerk is largely due
to the emergence and development of the technology of deep convolutional neural networks.

Recent developments in the field of image processing and machine learning open up the prospect of creating systems
based on artificial neural convolutional networks, superior to humans in problems of image classification, in particular,
in solving problems of analysis of various medical images. Among the most promising applications: automated recogni-
tion and classification of skin diseases, detection of pathologies on X-ray, CT, MRI, ultrasound imaging. In the proposed
project, we will focus our attention on the diagnosis of human skin diseases.

At the moment, melanoma is one of the most dangerous types of malignant tumors of the skin with a lot of deaths due
to rapid metastasis, which is difficult to treat. The development of computer vision technology has allowed the develop-
ment of technical vision systems that allow detection and classification of skin diseases with a quality that is comparable
and in some cases exceeds the values attained by man.

In this paper, the authors propose an algorithm for the primary diagnosis of skin melanoma based on deep neural net-
works, achieving an accuracy of 91% for melanoma in dermatoscopic images. At the moment, the algorithm is imple-
mented programmatically and is used in the test version of the online system for detecting and classifying skin diseases,
available at skincheckup.online.

Thanks to this development, the prospect of a significant increase in the proportion of people subjected to preventive
examination for the presence of skin diseases opens up. Along with this, an additional source of information for special-
ized professionals can also play a role in setting the right diagnosis.
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MenaHoma cuYuTaeTca O4HMM M3 CaMbIX OMaCHbIX
KOXXHbIX 3a60/1€BaHNI, BbI3bIBalOLWMM Hanbosibluee Ko-
IMYecTBO cmepTeit. 3abosneBaemocTb MesaHOMOM COo-
ctasnaeT ot 1 Ao 4% Bcex OHKONIOTMYECKMX ANArHO30B
[1]. TonbKko 3a 2014 r. B M1pe 6bIN10 ANArHOCTUPOBAHO
232 000 HoBbIX cny4vaes [2], n 3Ta undpa NOCTOAHHO
pacTeT, yaBauBasacb Kaxable 20 net. B 10 e Bpems,
HEe CMOTPA Ha BbICOKMIA YPOBEHb CMEPTHOCTW, ObHa-
py)KeHue MenaHoMbl Ha paHHel cTaguu nossonAeT
¢ 601bLION BEPOATHOCTHIO MOIHOCTBIO M3/1€YMTHCS OT
6onesHu.

B HacToALLMIN MOMEHT B 60/IbLUMHCTBE MEAMULIMHCKUX
YUYPENKOAEHUIN MNEepPBUMYHAA [MATHOCTMKA MeNaHOMbI
NpPOBOANTCSA CMEeLMaNMCTaMm No MaKPOCKOMUYECKUM U
AepmaTocKkonmMyeckum potorpadpuam, Kotopble npea-
CTaBNAOT U3 cebs CUNbHO YBENYEHHbIE U paBHOMEpP-
HO MoACBEYEHHble M306paKeHMA yyacTKa Koxku [3].

Ha cerogHAWwHWA aeHb Hambonee WUCMOAb3yeMbIM
CMMNTOMOKOMMN/ZIEKCOM ANA AUArHOCTUKU MeJlaHOMbI
asnaetca ABCDE-tect [4], oTcnexKmBatowmin Takne na-
pameTpbl, Kak aCMMMETPUYHOCTb, POBHOCTb TPaHuLL,,
uBeT 0bpas3oBaHuA, ero AMameTp U U3MEHYMBOCTb BO
BpemeHu (puc. 1). TakKe CyLecTByOT Apyrne ocobeH-
HOCTU, NO3BO/IAIOLLME NO OAHOMY NNLLb N30BParKeHUIO
OT/IMYNUTb 3/10KaYecTBEHHble 06pa3oBaHMA OT Aobpo-
Ka4yeCTBEHHbIX.

Mpea ncnonb3oBaHMA KOMMNbIOTEPHOrO 3peHus s
3aJauyv onpeaeneHusa paka KoXu BO3HMKNA AABHO, HO
OONTMe rofbl pesynbTaTbl 6blM HEA0CTaTOYHO TOUHbI
ONA NMPUMEHEHMUA Ha NpaKTuKe. [pumepamu moryT cay-
UTb CUCTEeMbI 414 oueHKM coctasaatowmx ABCDE-Te-
cTnpoBanus [5], gocturatowme 70% TOYHOCTU. TONbKO
HefaBHO pa3BUTME TexHoNorMi B obnactn 06paboTkm

Classification

Puc. 1. Kputepun ABCDE-aHanusa.

Fig. 1. Criteria of ABCDE-analysis.

n306pakeHnin N MalmMHHOro oby4YeHMA NO3BOANO CO-
3[aTb CUCTEMbI HA OCHOBE UCKYCCTBEHHbIX HEMPOHHbIX
CBEPTOYHbIX CeTel, MpeBOCXOAALLME YeNOBEKa B 3343
Yax KnaccudumKaumm obbekTos (puc. 2).

Kadeapa paanoaNneKTPOHUKM W MPUKNALHOU WH-
dbopmatukn MPTU npepnaraet pelweHne npobaemsl
paHHeN AMArHOCTUKM MeNnaHOMbl Ha OCHOBE WCKyC-
CTBEHHbIX /1YOOKUX CBEPTOYHbIX HEMPOHHbIX CETEN,
pasnuyatollee POAMHKM WM MEeNaHOMbl C BblCOKOWM
TOYHOCTbIO 6€e3 HeobxoAMMOCTM MPOBOAUTL AOPOro-
cToAwyto BMoncuio Npu OTCYTCTBMU ABHbIX Mogo3pe-
HWI Ha 3aboneBaHue.
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3. IamepuTenbHble INHENKN

Puc. 3. NMpumepbl nomex Ha M306paKkeHUAX.

Fig.3. Examples of interference in images.

OcHoBHas npobsema NoCTPOEeHUA TaKUX CUCTEM 3a-
K/toYaeTcs B TOM, YTO Ha AaHHbIA MOMEHT cyllecTByeT
C/VILIKOM Mano [OCTYMHbIX ANS WUCMNOb30BaHUA Ha-
60p0B AEePMaTOCKONMUYECKMX M300pakeHNn, KoTopble
MOXHO WMCNO/Mb30BaTb 415 0Oy4YeHUss M HACTPOMKM
mogeneit. Camble KpynHble Habopbl cobpaHbl Npu yya-
ctuu International Skin Imaging Collaboration (ISIC) [6].

K ToMy ’Ke CywlecTByloLiMe B OTKPbITOM AOCTyrne
[aHHble 3a4acTy0 HEBbICOKOTO KayecTBa, YaCTUYHO 3a-
LUYMJIEHbI M COAEPMKAT MOMEXM, NOKa3aHHbIE HA PUCYH-
Ke 3. Co3paHune ycToumBbIX K MOA0OHbIM Npobaemam
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Puc. 4. ApxuTeKTypa HelipoHHoOW ceTu Inception V.3.

Fig. 4. Architecture of the neural network Inception V.3.
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5. LiBeTHble OTMETKHK

8. Bonocbl Ha KoxKe

aNropUTMOB NpU OrpaHUYeHHOM BbIbOpKe U ABAseTCA
Hanbonee CNOXKHOM 3adayeil, KOTOPYH KOJNEKTUBY
yAanocb pewnTs [8].

BmecTto 0by4eHMA cnucTteMbl KNaccuduKaLmm KOXHbIX
3aboneBaHUI «C Hyns», 6bl1 UCNONBb30BAH MOAXOZ4, W3-
BECTHbIM KaK transfer learning. HelipoHHas ceTb ¢ ap-
XuTeKTypol Inception. v.3 (puc. 4), obyyeHHas Ha pac-
no3HaBaHMe MWJIJIMOHOB Pas/iMYHbIX U300parkeHUn c
noptana ImageNet, 6b11a ocobbim 06pa3zom AonNoNHEHA
10 000 doTorpaduit KoxKHbIX 06pa3oBaHUI AA OTANUUSA
[,06pPOKaYeCTBEHHbBIX OMYXO/ElN OT 3/1I0KaYECTBEHHDIX.
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100 {

Puc. 5. Mpvmep nNpaBuiIbHOM ANArHOCTUKK HeByca.

Fig. 5. An example of the correct diagnosis of a nevus.

CywecTBytowan mogenb paboTtana ¢ M3obparkeHus-
Mu pasmepom 300 x 300 nuKcenen, YTo ropasao MeHb-
e pasmepa TUNUYHbBIX L4ePMATONOMMUYECKUX CHUMKOB.
MocKoNbKy ANA NpaBUAbHOM KnaccupuKaumm 3abone-
BaHWI KpaliHe BaXKHbl Me/IK1e AeTasn, HepasanymMmble
npy TakoM paspelleHun, B mogenb bbiio fobasneHo
HECKO/IbKO HOBbIX C/10€B, MO3BOAAKOWMX paboTaTtb C
n306parkeHNssMM ropasgo bonbliero paspeLleHums.

MonyyeHHas mogenb moeT paboTaTb Ha AepmaTo-
CKOMUYECKMX M306parkeHnax pasmepom ot 500 x 500
nuKcenen n AOCTUraTb NPU STOM TOYHOCTU Pacno3HaBa-
HWA MenaHombl 6bonee 91%, YTo CPaBHMUMO C TOYHOCTbIO
OETeKTUPOBAHNA MeSlaHOMbI, B CpegHem obecneunsae-
MOV YenoBekom (puc. 5, 6).

B HacToALWMIA MOMEHT CcO3aHHaA Ha OCHOBE anro-
pUTMa cMCTEMA CNOCOOHA TaKKe AeTEKTMPOBATL A0OPO-
KauecTBeHHoe obpasoBaHue — cebopeliHbili KepaTo3

. £l

S0 100 150 200 250 300 350

Puc. 6. Mpumep NpaBuUAbHOMN ANATHOCTUKU MENAHOMbI.

Fig. 6. An example of the correct diagnosis of melanoma.

no Jaepmatonoruyeckoirr ¢otorpadmm c TOYHOCTbIO
6onee 90%.

[aHHbIN aNIrOPUTM MOKET C yBEPEHHOCTHIO OTNYNUTD
MeflaHOMy OT ceboperiHOro KepaTtosa U menaHomy OT
[06pOKaYecTBEHHOTO HEBYCA, HECMOTPA Ha TO, YTO 3TO
BbI3bIBAET C/IOKHOCTM AaKe Y CNeumnanmcTos B gaHHOM
obnactu (puc. 7).

B HacToAwWMIA MOMEHT cO34aHa cMCTEMa aBTOMATU-
YEeCKOro AEeTEeKTUPOBAHUA M KnacCudUKaLMM KOMKHbIX
obpasoBaHnii, aocTynHaa no agpecy skincheckup.
online [9]. MNonb30BaTENb MOXKET CAMOCTOATENBHO CAe-
NaTb $OTO KOXKHOro 06pa3oBaHUSA M HAaNPaBUTb €ro Ha
aHanus. ®oTo B 06e3/1MYeHHOM BUAE NONAZAET B LLEHTP
06paboTKM MHOOPMALMK, TAe 338 HECKONbKO CEKYHZ,
Npou3BOAMTCA ero aHanus. [peaBapuTesibHble pe-
3yNbTaTbl MOCTYNAOT HAa MOBU/IbHOE YCTPOCTBO MOJb-
30BaTens.

10 1

Puc. 7. F'paduk AUC-ROC
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pa3paboTaHHOro anropuTMa.

Fig. 7. Graph AUC-ROC
developed algorithm.
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B nepcnekTuBe naaHMpyeTca BbiMyCK MOBUALHOIO
NPWIOXKEHWA, TAe HapaBHe C NpeaBapuUTe/bHbIM aHa-
nnsom byaeT 3an0xKeH GyHKUMOHANA NpefocTaBieHuns
No/Ib30BaTe/O CNMUCKA BANMKANLLMX KAMHUK M BO3MOMK-
HOCTU 3anNUCKU Ha npuem HenocpeacCTBEHHO U3 MpuU-
noxeHua. MNMnaHupyetca npusaeyb K COTPYyAHUYECTBY
KJVHUKM, KOTOPble COMNIAacATCS y4acTBOBATb B TECTUPO-
BaHMM CUCTEMbI U NPeaoCcTaBieHn obyyatowmx Bblibo-
POK.

Mocne BU3WTa K Bpayy, NpOBeAEHUSA OKOHYATEIbHO-
ro aHa/nM3a, BKJ/OYAIOLWEro TOYHble MHBA3UBHbIE Me-
TOAMKW, KAMHUKU B aBTOMATUYECKOM pexume byayt
nepenasaTb AMArHO3, NOCTaB/EHHbI BPaYyOM-3KCnep-
TOM, B 3alLMLUEHHOE XpaHUAULLE obyyatowen Bblbop-
KM, TEM CaMblM MOBbILLIAA KAa4yecTBO NocseaytoLlei pa-
60Tbl CUCTEMDBI.

3AK/TIOMEHUE

HapaboTkun konnektrea B 061actu 06paboTkM n30b-
pa*kKeHU U MaWKnHHOro 0byyYyeHUsa NO3BOAIAIOT CO34a-
BaTb CUCTEMbI Ha OCHOBE UCKYCCTBEHHbIX HEMPOHHbIX
CBEPTOYHbIX CeTel, MpeBOCXoAALLMEe YeNOBEKa B 3343
Yyax KnaccuduKaumm obbeKTOB, B TOM YMC/IE B Cay4Yae
OMArHOCTMKM HOBOOOpPa3oBaHWI KoXW. Hakanaueas
nof NPUCMOTPOM KBaNUOULMPOBAHHbLIX Chneuuanu-
CTOB OMbIT AMArHOCTUKM, CUCTEMA CMOXKET aHAIM3NPO-
BaTb ¢poTorpadumto KOXKHOro 06pa3oBaHMA 32 HECKO/b-
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