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Ipemnoxken crmocod 00pabOTKKM W300paKeHMA, KOTOPBI aBTOMATUYECKH BBIYMCISCT OLCHKY ILIOIIAJIH
noBepxHocTu Tena (BSA) ¢ ucmons3oBaHreM METOIOB MAITMHHOTO 00ydYeHHsI. AJTOPUTM CETMEHTAIUN
n300paxxeHnii enbleHNIBaTb0a UCTIONB3YIOT IS OMPEACIICHHS MPEITIOKEHHBIX 00IacTeil B KaX/I0M 13
MHOXeCTBa n300paeHui o0yJaromero Habopa. M300pakeHus 00y4Jaroiiero Habopa nepecerMeHTUPYIOT
M 3areM KaXIYI0 U3 IMPEJIOKEHHBIX 00JacTell B KaKJAOM M3 MHOXECTBAa IEPeCerMEHTHPOBAHHBIX
m300pakeHnii oOydaromero Habopa KiacCHGUIMPYIOT Kak "c mopaxkeHueMm" win "0e3 mopakeHus'".
3arem o0y4aroT cBepTouHyto HeriponHyro ceth (CNN, Convolutional Neural Network) ¢ ucronbs3oBanuem
KJIacCHU(UIMPOBAHHBIX PYYHBIM CIIOCOOOM MPEIUIOKECHHBIX OOJIacTel B KaXIOM M3 MHOXKECTBa
n300pakeHnit oOyuaroriero Habopa. 3arem o0ydeHHyro CNN  HCIOJB3yIOT HA KOHTPOJBHBIX
M300paKeHUSIX /TSI BEIYHMCIIEHHS TIoKa3areneid BSA.
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CIIOCOB OITPEJAEJIEHMA CTEIIEHHU TSDKECTH KOXKHOI'O 3ABOJIEBAHM A HA
OCHOBAHHMMU ITPOLIEHTHOI'O 3HAYEHM A IVIOINA I IIOBEPXHOCTH TEJIA,
TIOKPBITOM OYAT AMU ITOPAXKEHUA

I[MPEJITOCBIJIKU CO3IAHUA U3OBPETEHUA

O1eHKH CTENeHU TsKECTH 3a00JIeBaHUH, TAKUX KaK MCOPHA3, BKIFOYAIOT BEIYUCICHHE
MPOIIEHTHOTO 3HAYEHUSI IJIOIAIH TIOBEPXHOCTH TeJla, KOTOPast MOKPBIBAETCS OYaraMu
nopakeHus U BocrnajieHueM (T.e. nmokasareib BSA (Body Surface Area)). B nanmpHeiimem
NOPaKEHHsI U BOCIIAJIEHUE B COBOKYITHOCTH HAa3bIBAKOT «MopaxkeHusiMm». BSA npencrasnser
co0OH U3MEPEHHYIO MJIH BBIYHCICHHYIO IJIOIA b TIOBEPXHOCTH TEJIa YEJIOBEKa.

IIcopuas npencrasisieT co00i ayTOMMMYHHOE KOKHOE 3a00JIeBaHuUE, IPOSIBISIOLIEECS
B BHUJI€ KPACHBIX M BOCTIAJIEHHBIX 00JIACTEH, KOTOPBIE OTIIMYAIOTCS OT 3I0POBOI HOPMAJIBHOI
KOKU. BaskHBIM KOMITOHEHTOM M3MEPEHUH CTENEeHN TSDKECTH 3a00JIeBaHMs AJIs TICOpHasa
SBJISIETCS. KOHTPOJIb TOTO, KAKOE MPOLIEHTHOE 3HAYEHNE TUIOIAAN TOBEPXHOCTH TeJIa MOKPHITO
BOCITIAJIEHHBIMHU O0JIACTSIMHU, Ha3bIBAEMBIMH «OYaraMu MopakeHus». J{Jst OJIAIIKOBHIHOTO
IICOpHa3a IBa OCHOBHBIX U3MEPEHUS CTETIEHH TSKECTH 3a00JIeBaHMs TPECTABISIOT COO0i
BSA u PASI (uHaexc miomaay noBepxHOCTH IICOPHAa3a U CTETIEHH TSXKECTH), 00a U3
KOTOPBIX BKJIIOYAIOT B C€0sI BBIYMCICHUE MTPOLIEHTHOTO 3HAYE€HHE, KOTOPOE UCTIONB3YEeTCsT ISt
KOHTPOJIsI TporpeccupoBanust 3aboneBanus u jedeOHoro s¢gdexra (A Bozek, a. Reich (2017).
HanexxHOCTB Tpex MHCTPYMEHTOB OLIEHKH Icoprasa: MHaekc niommany noBepXHOCTH
TICOpHAa3a U CTENEeHH TSDKECTH, TUIOIIAb TOBEPXHOCTH Tejia U 00Ias oLueHka BpadoM. Adv
Clin Exp Med. 2017 Aug;26(5):851-856. doi: 10.17219/acem/69804). B HacTosiee Bpemst
5TH MPOLEHTHBIC 3HAYEHUS YaCTO OLEHUBAIOTCS B KAOMHETE Bpayda AEPMAaTOJIOrOM WIIH
mencectpoid. OHON U3 OCHOBHBIX MPOOJIEM, CBSI3aHHBIX C CYIECTBYIOLIMMHU NOKA3aTEISIMU
3a00eBaHMs TOCOPHA3a SIBIISIETCS TO, YTO OHH SBJISTFOTCSI HETOYHBIMHU M TPYOBIMHU OLIEHKAMH,
NOJBEPKEHHBIMU CYObEKTUBHOMY BIUSHUIO. KpoMe Toro, nmporecc BBIMUCIEHUs
NPOLEHTHBIX 3HAYEHUH JIs1 ostydeHns oOmeii oueHku PASI siBisieTcst Tpy10OeMKUM U
NPONOJLKUTENbHBIM. Ellle o1Ha KIMHNYecKast NOTpeOHOCTh 3aKII0YAETCs B TOM, YTO B
HACTOsIIIEEe BPEMsI OTCYTCTBYET BO3MOXKHOCTh M3MepeHnst BSA st karuieBUaHOTO rcopuasa,
IpY KOTOPOM TOpPak€HHbIE 00JIACTH Tela SBJISIOTCS OOJBIIMMHU U MTOKPBITHI MHOKECTBOM
BOCIIAJIUTENIbHBIX 0YaroB MOPaKE€HUs B AuanasoHe ot 2 10 10 MM, 4To 3aTpyAHsIET U3MEpEeHue

C MOMOIIBIO 3PEHHUS.
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Co0TBETCTBEHHO, CYLIECTBYET MOTPEOHOCTD B O0jIee OOBEKTUBHOM U
KOJIMYECTBECHHOM CHOCO6€ KOHTPOJIsI BOCHAJICHUSA KOXU C UCITOJIB30BAHUEM BbIYUCIIUTEIIbHBIX

cniocoboB. Hacrosiee n3obperenne yaoBiIeTBOPsET TaKyI0 OTPEOHOCTb.

N3JIOXKEHME CYIIITHOCTHU U30BPETEHUA

[Ipennosken cnocod 00padboTku U300pakeHUH, KOTOPBIH aBTOMATUYECKH BbIYUCIISIET
oueHky BSA ¢ ucnonb3oBaHHEM METOIOB MALIMHHOTO OOy4eHUs. AJITOPUTM CErMEHTALUN
n300paskeHnii PenbLeHIIBaIb0a UCTIONIB3YIOT IJIsl ONPEENIEH s TPEAJIOKEHHBIX O0acTeii B
KaXKJI0M U3 MHOKECTBa n300paskeHuli odyuaromero Habopa. M3obpakeHus: o0y4aromero
Ha0Opa MepecerMeHTUPYIOT U 3aTeM KaXKIYI0 U3 MPEIJIOKEHHBIX 00J1acTell B KaJKI0M U3
MHO’KECTBA TIePECEerMeHTUPOBAHHBIX N300pakeHui ody4daromero Habopa KiacCupUuUUpyOT
KaK «C MOpakeHueM» MU «0e3 MmopaskeHus». 3aTeM 00y4aroT CBEPTOUYHYIO HEHPOHHYIO CETh
(CNN, Convolutional Neural Network) ¢ ncnonp3zoBannem Ki1acCU(PpUIMPOBAHHBIX PYYHBIM
CIIOCOOOM TIPEIOKEHHBIX 00JIACTEH B KAXKIOM M3 MHOKECTBA N300paskeHNH 00yJaroIero
Habopa. 3arem o0yueHHy 0 CNN HUCHIONB3YIOT HA KOHTPOJBHBIX H300PasKEHUSIX IJIs
BbIUMCIIeHUs nokasareseit BSA. Takske B HacTosimee n300peTeHrne BKIIIOUYEHO YCTPOUCTBO
(MM KOMITBIOTEPHASI CHCTEMA), IPUBOANMOE B JISHCTBUE C MOMOIIBIO KOMITBIOTEPHBIX
KOMAaHJI, UCTIOJIb3YEMBbIX B CBSI3U C YKa3aHHBIM CIIOCOOOM, HAIpUMep, KOMITBIOTEPHOE
YCTPOMCTBO MJIM HOCUTENb ISl BBIIOJIHEHUS CII0CO0a, N3BECTHOTO B COOTBETCTBYIOLIEH

00J1aCTH TEXHUKHU.

KPATKOE OITMCAHUE

[TareHT My aiii 3assBKU COOEPIKUT MO MEHbILIEH Mepe OAMH LBETHOH rpaduvyeckuii
marepua. Konuu JaHHOTO mareHTa MiTh MyOJIMKALK 3asiBKH HA MATEHT C [IBETHBIMHU
rpaduuecKuMHu MaTepraiaMi MOJKHO MOJYYUTh MOCIE IOAaYH COOTBETCTBYIOLIEH 3asiBKU U
BHECEHUS OIIATHL

[TpuBeneHHOE BBIIIE KPATKOE OMUCAHKE, a TAKXKE MPUBEACHHOE HIKE TIONPOOHOE
OMKCAHUE MPEANOYTUTETHHBIX BAPHAHTOB OCYIIECTBICHUS N300peTeHus OynyT Oonee
MIOHSTHBI IIPU U3YYE€HUH BMECTE C PUIIOKEHHBIMH rpadnIecKuMH MaTepruaitaMu. Jis
WLTIOCTPALMK H300pETEHHsI Ha YepTeKax MMOKa3aHbl MPEANOYTHTENbHbIE B HACTOSIIIEE BPEMS
BapuaHThI ocymecTsiaeHns. OnHaKo H300peTeHNne He OTPaHUYUBAIOT PUBEIECHHBIMH
TOYHBIMH CUCTEMaMH U cpencTamu. Ha rpadudecknx marepranax Mmoka3zaHo CIEAYIOIIee.

Ha ®@ur. 1 npormurocTprpoBaHa cerMeHTalus H300pakeH s TIcopHrasa ¢

ucnojp3oBanreM Meronos @enbuenmsaibda, Quickshift, SLIC u Compact watershed.
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Ha ®wur. 2 npomurocTpupoBaHo n300pakeHne rncopuasa, IpaBUIIbHO
CErMEHTHPOBAHHOE C NMOMOIIbI0 MeTona PenpueHImBaIbpoa.

Ha ®ur. 3 npouumoCTpUPOBaHbI TPU PA3JIMYHBIX TUIIA HETOYHO CETMEHTUPOBAHHBIX
n300pakeHNH Coprasa; HeIOCErMEeHTUPOBAHHBIH, TIePeCerMEHTHPOBAHHBIN U C
CerMeHTaLUeH MOJTHOrO H300paskKeHNs.

Ha ®@ur. 4 npomnmoctpuposano kak Guiastp CNN yiydinaer pe3yasTaTsl
cermeHTauu PenbLeHIBaIb0A.

Ha ®@ur. 5SA npomumrocTpupoOBaHa HENOCETMEHTALUS H300PaKEHUSI.

Ha ®@ur. 5B nmpommrocTpupoBaHa nepecerMeHTanus n300paskeHusl.

Ha ®ur. 6 npencrasiena 6J10k-cxema crnocoda ¢ UCMOIb30BAHUEM BbIUUCTUTETbHOM
TEXHUKH JJIs1 ONIPENENICHHS TSUKECTH KOYKHOTO 3a00JIeBaHHSI HA OCHOBAHUH MPOLIEHTHOTO
3HaueHus BSA, koTopas mokpbIBaeTcst ouaraMu MopaskeHusi, B COOTBETCTBUH C OTHUM
NPEANOYTUTENIbHBIM BAPHAHTOM OCYIIECTBIICHHUS HACTOSIIETO N300PETEHNUS.

Ha ®ur. 7A u 7B npeacrasieHbl IPUHLUIHAIBHBIE CXEMbI IIPOrPAMMHOTO

o0ecrieyeHus 1 anmapaTHOro 00ecreYeHusl CHCTEMBI Uil peann3aunu dur. 6.

ITIOIPOBHOE OITMCAHUWE U30BPETEHHA
OnpeneneHHas TEpPMUHOJIOTUS B HACTOSIIIEM AOKYMEHTE IPUMEHSIETCS] TOJIBKO ISl

ynoOCTBa U HE TOJKHA PAaCCMATPUBATBHCS KaK OrPaHUYHMBAIOLIAs HACTOsIIIEeE H300peTeHue.

I. OBIIEE OITUCAHHUE

Ha ®ur. 6 npencrasnieHa 0J0k-cxema crocoda ¢ UCIONb30BAHUEM BbIMUCITUTETbHOM
TEXHUKH JIJIs1 ONPENIEICHUs TSUKECTH KOXKHOrO 3a00J1eBanus (Hanpumep, ncoprasa) Ha
OCHOBaHUU NPOLeHTHOro 3HaueHust BSA, kotopas mokpbiBaeTcs ouaramu nopaxenus. Ha
@ur. 7A u 7B npencrasieHbl TPUHIHUITAAIBHBIE CXEMbI IPOTPAMMHOTO 00ECTICYESHUS 1
anmnapaTHoro odecneueHust CUCTEMbI [T peanu3anun dur. 6.

Co ccputkoit Ha @ur. 6, 7A u 7B cnocob BBIMONHAETCS CISAYIOLUTIM 00pa3oM:

Irtan 600: BeIMONHUTE CErMEHTALNIO H300paKeHHs HA MHOXKECTBE N300paskeHu
o0yyarorero Habopa MIoIaAe MOBEPXHOCTH TeJla C UCIIOIb30BAaHIEM aJTOPUTMA
cermenTaiu @enprenmsansOa (FSA) 1 BpIBeCTH NpeUIOKEHHbIE 00IaCTH B KAXKAOM U3
MHOKeCTBa M300paskeHni oOyuaromero Hadbopa. Kaxxnoe n3 MHOkeCcTBa N300pakeHUH
oOyuaromiero Hadopa IuIoIaael MOBEPXHOCTH TeJla COAEPKUT KOXKHOE 3a00yieBaHre. DTar

CerMeHTaLH U300pakeHus1 BINONHsIETCs poueccopoM 700, mokazaHHbIM Ha Dur. 7A.
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Iran 602: IlepecerMeHTHPOBATH KAXKIO€ U3 MHOKECTBA N300pakeHuii oOydaromero Hadbopa.
JIaHHBIN 3Tan TakKe BbINOJHAETCS mpoueccopom 700.

Iran 604: KnaccuduumupoBarb pydHbIM CIIOCOOOM KXKAYIO U3 MPEAJIOKEHHBIX o0nacTeil B
Ka)KZIOM U3 MHOKECTBA IIePeCerMEHTUPOBAHHBIX N300paxkeHuil 00yJaroiiero Habopa Kak «c
nopaxkeHuem» i «0e3 nmopaxeHus». JlaHHast CTaausl BBINOJIHIETCS] OAHUM Win OoJiee
JmonbMu-Kiaccudukaropamu 702, nokazaHHbIMU Ha Dur. 7A.

Iran 606: OOyuuTh HEHPOHHYIO CETh C UCMOJb30BAHUEM KITACCU(PUIIMPOBAHHBIX PYYHBIM
CIIOCOOOM TPEIOKEHHBIX 00JIACTEH B KAXKIOM M3 MHOKECTBA N300paskeHUH 00yJaroImero
Habopa. JIaHHBII 3TaIl BBITOJIHSAETCS MOCPENCTBOM HEHMPOHHOM cetr 704, MOKa3aHHOW Ha
Qur. 7A.

Irtan 608: BeIMONHUTE CErMEHTALNIO H300paKeHHUST HA KOHTPOJIbHOM U300paKeHIH
TUTOIIA/TH TIOBEPXHOCTH TeJNa, KOTOPOE COIAEPKHUT KOXKHOE 3a00JIeBaHNE, C UCTIONB30BAHUEM
aNropuT™Ma cerMeHTanuu PenpleHIIBaNIb0a U BEIBECTH O0JIACTH B KOHTPOJIBHOM

N300 paKEHNH TUTOIIAIN TIOBEPXHOCTH TeJa. DTall CerMEHTALNN H300PaKEHHUs BBIITOJHAETCS
nporneccopom 700, mokazanHeM Ha @ur. 7B. IIpoueccop 700° MokeT OBITH TEM ke
npoueccopom, 4To 700 uau ApyruM npoLecCopoM.

Jrtan 610: IlepecermeHTHPOBATH KOHTPOJIbHOE N300paskeHHe. JJaHHBIN STan Takke
BBINOJHsIETCA npoueccopom 700°.

Jrtan 612: Beectn 00acTi nepecerMeHTUPOBAHHOTO KOHTPOJIBHOTO H300paKeHUs B
00y4YeHHYIO0 HEHPOHHYIO CeTh, 0003HaYeHHYI0 kak 704’ Ha Dur. 7B, mOCKOJIbKY OHA SIBJISIETCSI
TOH K€ CaMON HEHPOHHOM CEThIO, UTO U HelipoHHas ceTb 704 Ha ®@ur. 7A, 3a UCKIIIOUEHUEM
TOTr'0, YTO OHA Ternepb OOyUeHa.

Jran 614: Vcnonb3oBaTh 00yUeHHYIO HEHPOHHYIO ceTh 704’ niist onpeneneHus u
OT(UIBTPOBBIBAHUS 00AcTel «0e3 MOpaKeHHs» U3 MePeCerMeHTUPOBAHHOTO KOHTPOJIBHOTO
U300 paKeHHs1, TPUYEM OCTAJIbHBIE O0JIACTH MEPEeCerMEHTHPOBAHHOTO KOHTPOJIBHOTO

N300 paKeHHs KJIACCUPUILIUPYIOTCS KAK O0IACTH «C MOPAKEHUEM.

Iran 616: Beraucauth nmpoLeHTHOE 3HaYeHHe BSA B KOHTPOJIIBHOM H300paskeHUH, KOTOPOe
MOKPBITO MOPAKEHUSIMH, C UCMIOJIb30BAHUEM TIOMIAIeH KITaCCU(PUIIMPOBAHHBIX obacTei
MOPaKEHHS C TIEPECErMEHTUPOBAHHBIM KOHTPOJIbHBIM H300paKEHHEM, a TAK)Ke TUIOIIAAeH,
OTIpeNeNIEHHBIX Kak 00JacTu «Oe3 MopaKeHUs1», MepecerMEHTUPOBAHHOTO KOHTPOJIBHOTO
n3o0pakenus. JlanHast cTanus BeImonHseTcs B mpoueccope 700”. Ilponeccop 700” moxer

MPECTaBIISITh COOO0I TOT k€. uTo npoueccop 700 wiu npoueccop 700° uiu IPyrou.
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II. HOAPOBHOE OIIMCAHHUE

B nonpobrom onmcanun n300peTeHns HIbKe OMUCAaH 3KCIIEPUMEHTAIbHBIN MPOLIECC,
KOTOPBIH MPUBET K HACTOSAIIEMY H300PETeHUI0, U OOBSICHEHBI ITOIXOABL, KOTOPbIE ObLIH
OoJjiee yCHeIHbIMU, YeM ApyTHE.

B Hacrosiem nzobpereHnu pemaercs npodyiemMa BEIMUCISHHS TUIOMAaIU TIOBEPXHOCTH
TeJsa MPH CerMeHTauuu n3o0paxkeHus. CerMeHTanus n300paXKeHus! cTajia OHUM U3 U3
KPaeyroJibHbIX BOMPOCOBB KOMITBIOTEPHOM 3PEHUH U ONIPEENIeTCs KaK MPOLECC pa3ieeHUs
1 poBbIX N300paKEHMI HA MHOKECTBO CETMEHTOB, TEM CAMBIM OPTaHU3Ysl TaHHbBIE
n300pakeHHsl B 3HAYMMbIe YaCTH JaHHbIX. Mccnenosanu psia cnocoboB cerMeHTauH
U300 pakeHHs1, KOTOpPbIe MOTYT 3()(HEKTUBHO BBIYUCIATD TUIOIIAAb TOBEPXHOCTHU TeJa
NalKeHTa, UMEIOIIEro Takoe 3a00eBaHne Kak rcopuas. [IpeanodrurenbHbpie BApUaHThI
OCYIIECTBIICHHS 3asBJICHHOTO B HACTOSIIIIEM JIOKYMEHTE U300pETeHHS UCTIONB3YIOT aJITOPUTM
cerMeHTalmu n3odpakenus PenblieHBaNIbL0a [3] 1 CBepTOUHBIE HEHPOHHBIE ceTH (A.
Krizhevsky, I. Sutskever, G.E. Hinton (2012) Imagenet classification with deep convolutional
neural networks. Advances in Neural Information Processing (NeurIPS), 2012.) B kauecTse
JIOKHOTOJIOKUTENBHOTO (PUIIBTPA JUTS YIYUIIEHUs Pe3yJIbTaTOB CErMEHTALIIH
DenpreHmBanbOA.

Heckonpko criocob6oB 06paboTku n300paxkeHnii ObUTH MPOTECTUPOBAHBI AJIS
aBTOMAaTHYECKOIO BBIYHCIEHHs OlleHKH BSA ¢ ncnonp3oBaHneM METOI0B MALIMHHOTO
o0yueHust, npuMeHsieMbIX Ha 117 n300pakeHnsIX KarieBUHOTO U OJISIIIKOBUAHOTO IICOPHasa,
3arpy»eHHbIX u3 MHTepHera. [1o cpaBHEHUIO ¢ HEKOTOPBIMU IPYTUMH CIIOCOOaMU
CerMeHTaIu 0e3 KOHTPOJIS, aJTOPUTM CETMEHTALMH H300paskeHus: DenbLeHBaIb0a
MIOKa3aJl CaMble BBICOKHE MPOLIEHTHbIC 3HAYEHHUS TIPABUIIBHBIX CETMEHTALMI 00JacTei «c
NOpaKEHHEM» 10 CPABHEHUIO ¢ 00acTsaMu «Oe3 mopaxeHus» ¢ 56% n300pakeHuH,
MUMEIOLIUX XOPOIIYI0 CErMEHTALIHIO, B TO BpeMst Kak 44% n300pakeHul sIBISIOTCS Tepe- WK
HEIOCErMEHTHUPOBAHHBIMHU. J{JIs1 yJIyUIIeHUs pe3yJIbTaTOB CETMEHTALIMH ObljIa pean30BaHa
cBepTouHas HeiipoHHas ceTb (CNN), OCHOBaHHAs Ha ApPXUTEKTYPe TPYIIbl BU3YaTbHOMN
reomerpun (VGQG) 11 AOMOTHUTETBHOTO OTPHIIBTPOBBIBAHUS JIOYKHOIIOIOKHUTEIBHBIX
NOpaKeHUH U3 MPENIOKEHHBIX o0nacTe anropurma PenpueHmBansda. OOyuaromme
nannble 1t CNN coctosuii 13 HaOOpPOB AAHHBIX, OTOOPAHHBIX JIFOJIBMH, 00JIaCTeH «C
MOpaKEHHEM» WIH «0e3 MOpPakeHHs», BBIXOAALINX 13 anroputma @enpreHmBanbsoa. CNN
Obuta ocTUrHYTA € OMOLTBI0 90% S-KpaTHOH OLIEHKH TOYHOCTH MEPEKPECTHOIN MPOBEPKU
IpHU KIaCCUPUKALIN MEXKIY «C OpakeHHneM» U «0e3 nopaxkeHus». Jannbiil punstp CNN

2

NPUMEHSIEMbIH BMECTE C anropuTMoM PDesnblieHIBaiIb0a, TOYHO cerMeHTupoBan 77%
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oOyHaromux qaHHbIX Wik 67 u3 86 m300paskeHnH KaruieBUAHOTO ricoprasa. Jlanabii criocod
TIOJIE3€H ISl OLU(DPOBKU U3MEPEHHH TsKECTH 3a00JIeBaHUS U YIAJIEHHOTO MOHUTOPUHTA

3a00neBaHNN KOKH, TAKUX KakK I1COpHUA3, I MAlMEHTOB U Bpayeil.

N300paxeHusi-1aHHbIE 1JIsI ICOPHA3A

UroOsl coOpaTh HAOOP maHHBIX, 0k0J10 300 M300pakeHni KarieBUAHOTO Copuas3a u
100 u300paskeHUi XpOHUYECKOT0 OJISIIIKOBUAHOTO Icopuasa codupanu us Google
n3o0pakeHuii. Herounble w/mmu ommOOYHbIe JaHHbBIE N300paskeHHs] OTPUIBTPOBBIBAIIH,
OCTaBJIsIs KOHEYHBINH HA0OP JaHHBIX U3 86 M300pakeHul KarieBUIHOTO rcoprasa u 31

N300 paKeHHUsT XPOHUYECKOTO OJISIIIKOBUIHOTO MICOPHA3a.

MeTtoabl cerMeHTALIMH H300pA’KeHHUS TICOpPHA3a

brun MPOTCCTHUPOBAHBI ITATH PA3JIMYHBIX aJITOPUTMOB CErMEHTALlUN I/1306pa}KCHI/I$I,
BCE M3 KOTOPBIX PeaM30BaHbI ¢ UCMONIb3oBaHueM Oudroreku Scikit-learn n Oubnuorexu
OpenCV B Python. ITsTh mpOTECTHPOBAHHBIX ATOPUTMOB MIPEACTABIISLTA COOOM arOPUTM
@enpuenmBanbOa, Quickshift, SLIC, Compact watershed u moporossiii anroputm Otsu (cm.
0030p B D..Liu, B. Soran, G. Petrie, and L. Shapiro. A review of computer vision
segmentation algorithms. Lecture notes, 53, 2012.). ITocne BU3yaspHOro ocMOTpa NpUMEpOB
nap u300pakeHuit cTano oueBUAHBIM, uTO criocod DenbuenmBanbba (P.F. Felzenszwalb and
D.P. Huttenlocher (2004) Efficient Graph-Based Image Segmentation. International Journal
of Computer Vision 59(2), 167-181.) naBan HauGosee MHOrOOOEIIAOIIYI0 CETMEHTALIUIO Ha
JaJIbHEM PACCTOSIHUU.

Ha ®ur. 1 noka3aHb! BBIXOAHbBIE U300paKEHUS YETHIPEX PA3IHMYHBIX aJTOPUTMOB
CerMeHTaI|K. | paHMIIbI KENTOrO [[BETA 0003HAYAIOT CEMMEHTALIMIO aJITOPUTMOM
npeanonaraeMoit (mpenaoxkeHHoi) oonactu. Ilocse 3TUX UCbITAHUN OBIJIO IPUHSITO

pelIeHne CerMEeHTHPOBATh BCE N300paKEHUs ¢ IOMOIIBIO anroputMa PenbLeHmBans0a.

CermeHnTanum ncopuasza v aJroputMm GuJIbTPaLUH ABONYHOH Kjaccupukanuu

JUnist yoydIneHns: pe3ysibTaToB cerMeHTaunu PespieHmBanb0a HCTIONb30BAIN HOBBIH
AJITOPUTM Ha OCHOBE (PUIIbTPA CBEPTOYHOMN HEHPOHHOH CETH, KOTOPBIH yaajsieT
JIO’KHOTIONOKUTEIbHBIE PE3YJIbTaThl CETMEHTALIMN. DTOT aJIFTOPUTM BO3HUK Ha OCHOBAHUU U
HUMEET CXOJICTBO CO CBEPTOYHBIMU HEHPOHHBIMH CeTsIMH Ha ocHOBe obnactu (R-CNN),

KOTOPBIC B HACTOAIICE BPEMS CTAHOBATCA U3BCCTHBIMU B I[aHHOfI obmactu TEXHUKH, ITPU
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peleHny npoOJeM, CBSI3aHHbIX C CerMeHTannel n3o0paxenus. AIroputm padoraer
CIIEIYIOIUM 00pa3oM:

1. OOyunTh HEHPOHHYIO CETh PA3INYATh MEXKAY OOJNACTIMU «C TIOpAKEHHEM» U «0e3
HOPaXKEHUs» CPEIH MPEAJIOKEHHBIX 00nacTell U3 aropuTMa cerMeHTauuu OenbleHmBansoa.

2. IlepecerMeHTUPOBATH M300PAXKEHUS ITyTEM yBEJINUEHHs TapaMeTpa k-3HaueHus 1o
ONTUMAJILHOTO Toporosoro 3Havyenus (k = 250).

3. Mcnionb30BaTh HEHPOHHYIO CETh JJIsl OTQUIBTPOBBIBAHUS obnacten «Oe3
NIOPaKEHHsT», MPEIOKEHHBIX cerMeHTauel debleHnBaiboa.

[TepecermenTanus N300paKeHHs HA TAre 2 TAPAHTUPYET, YTO OOJIBIINHCTBO
o0nacTeil «c mopaskeHHeM» OyIyT BKIFOUEHBbI BHYTPb CETMEHTALIMH. 3aTeM IS
OT(hUIIBTPOBBIBAHUS H30BITOYHBIX 00acTel «0e3 MopaKEHHUsD WK JIOMKHOTOJIOKUTETbHBIX
PE3yJIBTATOB UCIIOIB3YIOT MPEABAPUTENLHO OOYUEHHYIO HEHPOHHYIO CeTh Ha 3Tane | s

paznudeHus: obnacrel «0e3 mopaxxeHus» U3 o0acTell «c mopaxeHneM» Ha yTare 3.

Oo0yuarmniue JaHHbIE

IIpennaraemblie 001aCTH, BBIXOASAIINE U3 AITOPUTMA cerMeHTalun PenbleHmBanbp0a
(c k-3Hauenuem, ycraHoBIEeHHOTO Ha 250), NCIIOMB30BAHN [T ITEPECEerMEHTALlUN
n300pakeHUst, TAKUM 00pa30M BKJIFOUAs HACKOJIBKO BO3MOKHO MHOTO HCTUHHBIX
NOJIOXKHUTENBHBIX 00JacTel nmopaskeHus. 3aTeM BbiOMpanu npumepHo 30 n300pakeHui
KaTuIeBHIHOTO MICOPHa3a, ¢ MOMOIIbBI0 KOTOPBIX CreHepupoBasu okoio 3000 n3obpaskeHui
NpeIOKEHHBIX o0acTeit. 3aTtem kaxkayro u3 3000 npemiaraeMbIx oOnacTeit
KJIacCU(PULMPOBATH PYIHBIM CIIOCOOOM (YEJIOBEK) KaK «C MOpasKkeHUeM» Wu «0e3
nopakeHus». i mpoBepKHU TOYHOCTH JAHHOTO HA0OPa AAHHBIX MPOLIECC MOBTOPSUTN TPH
pasza. Hekoropble u3 3Tux obnacreii «0e3 mopaskeHus» ObUTH JIETKO UIEHTU(PUIIUPOBAHBI,
BKJIFOUast OobLIre 00J1acTH, MOKPHIBAIOIINE OOJBIINE YHACTKU KOXKHU, YepHbIE (POHOBBIE
oOmacTy, metny, myMm U T. 1. Jpyrue obnactu Obutn 601€€e CIOKHBIMU TSI OTJINYHS MEXKITY
00JIacTAMH «C MOpAKEHUEM» U «Oe3 MOopakKeHHsI», BKITFOYasi O0JIACTH, KOTOPbIE HMEJTH
3aTeMHEHHE, TI0X0€ OCBEIIEHHE, BBl U T. 1. CYUTAETCS, UTO OOJIBIIUM HCTOYHHKOM
OIIMOKY MPUITUCHIBAETCS HECOOTBETCTBUE B HAOOPE NAHHBIX B 3THX 0OJIee CIOKHBIX
o0nacTsx s KiIaccupuKauy 00IacTel «C MopakeHHeM» 10 CPABHEHHIO «0e3 TOPasKEHHSD».
3TO MOKET OBITh €Ie OTHUM OOBSICHEHHEM, TIOYEMY PE3YJIbTaThl IBOMYHOHN KIIACCU(PHUKALIMH
BCE €lIle He HaXOTCS B HETIOCPEACTBEHHON OJIM30CTH OT Pe3yJIbTaTOB, MPEACTABICHHBIX B
Habopax nanHbIx Modified National Institute of Standards and Technology (MNIST) nnu
Canadian Institute for Advanced Research (CIFAR).
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JKCMEePUMEHTHI 110 HEHPOHHBIM CeTSIM ¢ ABOMYHOH KJaccHpukanuei

Jlns oOydeHus: Mmopeneil HelpOHHOMN CeTH NMPUMEHSIH MPOLIENyPY, AHAJIOTHUHYIO
OTMCAHHOW HUXKE:

Bo-nepBbix, BCe BBOIUMBIE MTpeaiiaraeMble 00gacTu OblIN MpeABAPUTEIBHO
o0paboTaHbl MyTeM U3MEHEHHs pa3Mepa BceX U300paskeHui 10 ONPeneIeHHOrO OCTOSTHHOTO
pasmepa MUKCes ¢ UCIOJIb30BAaHHEM METOa KyOU4eCKOi HHTePIOSIUY U3 OMOINOTeKH
orencv. 3areM ObLTH M3MEHEHbBI PA3JIMYHbIC TAPAMETPBI MOJENIN HEWPOHHOW CETH, BKIIOYast
APXUTEKTYPY MonelH (IJIOTHYK HEMPOHHYIO CETh IO CPABHEHHIO CO CBEPTOYHON HEMPOHHOMN
CETBIO, Pa3MEPBI CKPBITHIX CJIOEB, HOPMATU3ALHUIO MAPTHUH), TAPAMETPhI (CKOPOCTh OOyUEHUs])
U pasMephl nmukceneit BBoaa nzodpaxenns (4 x 4, 8 x 8, 16 x 16,32x 32,64 x 64). B
3aBeplIeHHe BCe MOJIEH TECTUPOBAJH ¢ KO (OUIIMEHTOM pa3esieHus] JaHHBIX 00yYaroIIero
tecta 80—20 i onpeneieHns TOUHOCTH, JIOTapU(PpMUIECKOU MOTEPU U OLIEHOK
CPEAHEKBaPATUYHON OIIMOKH COOTBETCTBYIOIIUX MOJENEH. DTO O3HAYAET, YTO IS
MOCTPOEHUsI MOJIENH UcTonb30Baiu 80% NaHHBIX, a Il OLEHKH IPOrHO3UPYEMOit
3¢ $eKTUBHOCTH MOZEH UCTIOIB30BaH 20% OCTaNbHBIX TaHHBIX (KOTOpPbIE HE OBLIH BUIHBI
MOJIEJIH).

Koneunas moznens CNN, kotopast Obuta BeIOpaHa U OCHOBaHa Ha apxutekrype VGG,
HE HUCIOJIb30BaJIa HOPMAJIN3ALIUIO TAPTHH, MMeJIa MEHbIINE CKPBIThIE CIIOH (KaK B KOJIUYECTBE
CKPBITBIX CJIOEB, TAK U B IMPHHE CKPBITBIX CJIOEB), UMeJIa CKOPOCTh 00y4eHus le-4 u
ucnojb3oBana ontumusarop Adam. (Adam npencrasisier coOo¥ afanTHBHBIN aJITOPUTM
ONTUMU3ALNUA CKOPOCTH O0yYeHMsI, KOTOPBIH ObLT pa3paboTaH CHEHATBHO sl 00y YeHMsI
ryOOKHX HeHpOHHBIX cerel). [ obecrneyeHus: TOYHOCTH KOHEYHON MOJEIH 3Ta MOJENb
ObLIa MPOTECTHPOBAHA C UCTIOJIB30BAHUEM S-KPATHOW NMEPEKPECTHON OLIEHKU U ObLiIa
NIOJIy4€Ha CPENHsS S-KpaTHas OLIEHKA TOYHOCTU 00y4eHust 94% ¥ cpenHsist S-kpaTHas OLeHKa

TOYHOCTHU NpoBepku 90%.

Yci0BHsI, KOTOpPbIe MOBBIIAIT Pe3yJabTATHI TOYHOCTH

Hcnonp30Banu Tpu NOAX0AA, KOTOPbIE 3HAUUTENBHO YIIy4IIadl TOYHOCTh IBOUYHOMN
KJIaccu(pUKaILIN HEHPOHHOH CeTH.

ITepBblit MOIXOM MPEACTABISIT COOOH KyOUYECKYI0 HHTEPIIOISILNIO (POPMBI BXOTHBIX
n300paKeHNH C MMOCTOSTHHBIM pa3mepoM 16 x 16 nukcenei. CHauana, korna pasmep
n300pakeHnii ObUT YCTAaHOBJIEH Ha 64 X 64, TOUHOCTD KJIACCU(PUKALIH ITPH YPE3BbIYAHO

HU3KHUX CKOpocTsx coctapisieT 60%. ITo mepe ymeHbineHus pa3mepa n3odpakeHuii ObU10



10

15

20

25

30

00Hapy>KeHO, YTO CTaHAApPTHAast HeOOJIbIIAsK IIOTHASI HEHPOHHAsA ceTh OyeT o0ecrneunBaTh
BCE JIYUIIHUE U JIYYLINE XapaKTEPUCTHKH KJIACCU(UKALINHU 10 JOCTIXKEHUS] ONTUMAJIBHOTO
pa3mepa nzobpaxennit 16 x 16. [IpudnHa 3TOro MOKET 3aKIIFOYATHCS B TOM, YTO
GONBIIMHCTBO MpeAaraeMblx odacTei ObuTH pa3MepoM okoio 16 x 16. Takum oOpaszom,
UHTEPHOJISILNS OOJBLIETr0 KOJMYECTBA HHPOPMALIH MOXKET IPUBECTH K TOMY, YTO 00J1aCTh
noJy4aeT omnuO0YHy0 HH(POPMALHIO, 2 MHTEPIOJSILNSA MEHBIIEr0 KOJINYecTBa HHPOpMaLUH
MOKET MPUBECTH K MOTEpe BAXKHON MH(POPMALIHH.

BTopoit noaxon 3akmovancs B UCIOJAb30BAHUN CBEPTOUHBIX HEUPOHHBIX CETEN B
OTJIMYME OT IJIOTHBIX HEMPOHHBIX CeTel. XOpOUIO U3BECTHO, YTO CBEPTOYHBIE HEHPOHHBIE
CEeTH MPEBOCXOIT IJIOTHBIE HEHPOHHBIE CETH B 3aaUax KjiacCH(pUKanuy n300pakeHnui mo
MHO>KECTBY MIPUUHUH.

Tpernii noaXOx 3aKIFOYAJICS B TOM, UTO «MEHBIIIEE SBJISIETCS] OONBIINMY MTPU
CO3JJaHUU APXUTEKTYpP MOJIEIN CBEPTOYHBIX HEHPOHHBIX ceTell. Hanpumep, ecnu pazmepbl
CKPBITBIX CJIOEB ObUTH YMEHBINEHBI, ObIJIO JOCTUTHYTO OoJiee ObIcTpoe obydeHue u Oosee
TOYHBIE OLEHKH NNPOBEPKU. B 4aCTHOCTH, MPU YMEHBIIEHUH CKPBITOrO pa3Mepa nepBoro
IUIOTHOTO CJIOSl OCOOE€HHO BaJKHO YMEHBIINTDH 3HAUYNUTENbHOE KOJMYECTBO MAPaMETPOB. ITO
MOXeET OBITh CBA3aHO C TEM, YTO U30BITOUHOCTD MTAPAMETPOB MOXKET MPEAOTBPALIATh
NOSIBJIEHUE JIYHKH HA MOZIEJIH U BbI3bIBATh M30bITOUHBIE 3¢ exTsl. ITa mpodiema
M30BITOYHOCTH MOKET OBITH JIy4Ille BCEro BUAHA rpu oyt 10% norepu TOYHOCTU MEXKIY

OLIEHKaMH MPOBEPKU OOyUeHHs U TeCTUpOBaHus B Oonbinx monensix VGG.

Ycii0BHsI, KOTOPbIe He 0KA3LIBAJN BJIMSHHSA HWJIH HE YXYAIINJIH Pe3yJabTaThI
CerMeHTAIlHH

HeckobK0 MOAXONOB HE YIyYIIAIN PE3yIbTaThl TOYHOCTH. B yacTHOCTH, TpH
MOIXOAa UMEJTH He3HAUUTETbHbBIE WJIU OTPHUIIATENIbHbIE BIUSTHUS HA MOJEIIH.

Bo-niepBbIX, CUUTANIOCh, YTO NOOABIEHUE YPOBHEH HOPMATU3aLlUU APTUH, KaK BUTHO
u3 moneneit VGG, ynydinaer pe3yJbTaThl, HO KaK MOKAa3aHO B HEKOTOPBIX TOKYMeHTax (S.
Santurkar, D. Tsipras, A. Ilyas, A. Madry (2018) How Does Batch Normalization Help
Optimization? Advances in Neural Information Processing (NeurIPS), 2018.), Hopmanu3zauus
MApTHH, TIO-BUANMOMY, HE YJIY4IIaeT TOYHOCTh KJIACCU(PUKALIUU BO BCEX CITyUasiX.

Bo-BTOpBIX, perynupoBaHue CKOPOCTH 00yUeHHUsT He 00ECTIeUnIIO MTOBBILIEHUS
npousBoautensHocTy. [locne ucnbrranust ckopocteit 0,01, 0,001, 0,0003 u 0,0001 6buTO
OOHapPyKEHO, YTO CKOPOCTh O0yUEHHUsI IPUBOIUT K MPEHEOPEKMMO MAJIOMY Pa3JIMUHUIO B

NPOM3BOJUTENBPHOCTH MEXY Napamerpamu ckopoctu ooydenus 0,001, 0,0003 u 0,0001.
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B-tperpux, Oonee riybokast u GoJiee IHUPOKask CETh HE YBEINYMBAJIA TOUHOCTh
mozenu. [To-BunuMomy, Moaenn HeHPOHHBIX CeTel OOJbIIeH MIIOTHOCTH U MOJENH
CBEPTOYHBIX HEHPOHHBIX ceTel Xyxke, 4yeM faxe 10 10% npu nepekpecTHOM MPOBEPOUHOM
TECTHPOBAHUH, YeM IpOcTble Masble Monenu VGG, koTopele ObUTH MCCIIENOBAHBL. JTO, MO-
BUIIMOMY, ITOATBEPIKAAET, YTO OCHOBOIIOJIATAIOIIUM ITPUHLMIIOM THOKOH pa3paboTku

SBJIACTCA NIPOCTOTA.

Pe3ynbTaThl u 00cy:kaeHHe

i. [IpenmMymecTBa U HEAOCTATKH AJTOPHUTMOB CErMEHTALIMU U300paKeHUsI

[Tocne TecTupoBaHusi HEOOIBIIOH MPOOBI M300PAKEHNUHN HA MSTH PA3IUIHBIX
AJITOPUTMAX CTAJIO SICHO, 4TO anroputM PenblieHmBaIb0a nMes Ooiee MPeBOCXOAHbIE
PE3yJIBTAThL, YeM IPYTHE ISITh HEKOHTPOJIUPYEMBIX aITOPUTMOB, KaK MOKa3aHo Ha Pwur. 1.
OnHo¥ U3 BaXKHBIX XapPAKTEPUCTUK 3TOTO CIIOC0o0a SIBISIETCS] €r0 CIIOCOOHOCTh COXPAHSTh
noApoOHOCTH B 00NIACTAX H300paKeHUH ¢ HU3KOH BapHaOeIbHOCThIO, HTHOPHUPYS MIPH 3TOM
JeTanu B O0JACTSIX € BBICOKOH BapuadenbHOCThI0. Kpome Toro, oH siBisiercst ObicTpbM (< 1 ¢
nns uzoo0paxkenus 512 x 512) ¢ spemenem nporona O(n log n), rae n npencrasisier coOoi
yrcino nukcenei. Mexons u3 atux HabmoaeHuH, cnocod denpreHiBanbba Obu1 BEIOpaH B

KauecTBE OCHOBHOTO CIIoco0a, MPUMEHSEMOro Uil u300pakeHnH ncopuasa.

ii. Mepa oueHKH cerMeHTAlUH H300pakeHus1 PesibLeHIIBAIBL0Aa H pe3yJabTaThI

Ha ®uwr. 2 nokasan npumep Xopouiel cerMeHTaluu n3o0paxenus. Xoporast
CerMeHTalIsl H300paskeHUsT OTIPEeNIeTCs KaK JIF0asi cerMeHTaLMs 300 paskeHUs1, KOTOpast
HE MPOMYCKAET SIBHbIC 3HAYUTEIIbHbBIE COMEPIKAIINE TTOPAKEHUS YaCTH, KOTOPbIE TOJKHBI
OBbITh KJIaCCH(UIIUPOBAHBI OOBIYHBIM BPAYOM.

Ha ®ur. 3 noka3aHsl Tpu npuMepa HETOYHOH cerMeHTaru n3odpaxkenus. Ilepsoe
N300 paKeHNe SBIIETCS] IPUMEPOM NIepeCerMeHTHPOBAHHON obnacTh. J{Jist yMeHbIIeHHS
TaHHOM MpobieMbl clieyeT YMEHbIIUTD napaMeTp k-3HaueHus. Bropoe usobpaxenne
SIBJISIETCS] IPUMEPOM HEOCETMEHTUPOBAHHON obnactu. [{iist ocnabnenust JaHHOM MPOOIeMbl
CJIeyeT yBeNUUUTh napameTrp k-3Hauenus. [locnenuuii mpumep npeacrasisier coOoi
9K3eMIUTIP O0IbIINX 00JACTel, KIACCU(PUIIUPYEMbIX KaK ouaru nmopaxkenus. s ocnabnenus
3TOTO ClienyeT yBennuuThb napametp k-3nauenns. Ha @ur. SA u 5B Takske moka3aHbl
IpUMEPbI HEAOCETMEHTALIUN 1 NIEPEeCerMEHTALINH.

Hcxonnbiii anropurm PenprieHmBanbs0a Obl criocodeH cermeHTupoBars 49 u3 88

BXOJHBIX H300paskeHUH ¢ xoporuei cermenTarueit, 30 u3 88 nzobpaxeHuit BXOIHbBIX
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n300pakeHui OBLUTH HEOCErMEHTHPOBAHBL, a 9 3 88 BXOAHBIX M300paskeHn ObUTH
nepecerMeHTUPOBaHbl. B KOHIIE KasKI0ro pe3ysibTaTa CerMEeHTAIMH ITOTyqaiid BEIYUCICHUS

nokasareist BSA.

iii. HelipoHHbIe ceTH, 0CHOBAHHbIE HA (UJIBTPALIUH Pe3YJIbTATOB

25 pa3nu4HbIX MOJeNiel HEHPOHHON CETU TECTUPOBAIHN € PA3JIMYHBIMU NTapaMETPAMH,
ApPXUTEKTypaMu U pa3MepaMu BBOJA. BbMUCIANIN TOUHOCTH TECTUPOBAHUS AJIs1 KAXKION
Mozenu. Y CTaHOBKa 0oJiee HU3KUX Pa3MepoB U300paKeHHsl, BBIOOP CBEPTOYHBIX HEHMPOHHBIX
cereii Ha ocHOBe VGG 1 ckopocTu o0y4enus 1e-4 mo3BOJSET MOMYYUTh HAMITYYINYIO MOJETb

C HaUBBICIIEHN TOYHOCTBIO TeCTUpOBaHMUs 0,9.

iv. Pe3yIbTaThbl cerMeHTALUH H300paxeHHus1 PUIBTPA CBePTOYHON HelipOHHOMH
ceTu 1 PesibHeHIIBAIB0A

[Tocne peanuzanuu cerMeHTannu n3o00paxkenus PepueHmsansoa ,
OT(HIIBTPOBAHHOTO C TMTOMOIIIBIO CBEPTOYHON HEUPOHHOU ceTH, 67 u3 86 m3o0paskeHui
ofecreunsin XOpOIIyI0 CerMeHTaluio, 16 u3 86 m3o0paskeHn — HETOCErMEHTAIUIO, U 3 U3
86 m300paskeHnit — mepecerMeHTanuio. J[Ba BXOIHBIX U300paKeHUs yIATWIH U3 UCXOTHOU
Habopa nzobpaxkennii enpleHInBaIb0a U3-3a HETOUHBIX MPEICTABICHNUN KaIJIEBUIHOTO
ncopuasa. IIpumep cBepTOUHON HEHPOHHOM CETH C YIy4YLIEHUEM PE3YyJIbTa0B
CErMEHTALIUH, MOXKHO YBUIETh Ha N300paxeHusx dur. 4.

Ha n3o0paxxenuu ciesa, mokazaHHOM Ha Pur. 4, cBepTOYHAs HEHPOHHAS CeTh ObLIa
BBITIOJIHEHA C BO3MOKHOCTBIO (PHIIBTpALMK OOJIBIINX 001acTel Ha JIEBOM CTOPOHE PYKH, BCEX
Oenbix (HOHOBBIX 00JIACTEH, a TAKKE MHOTHX O0JIacTel ¢ HEOOJIBIINM IIYMOM, KOTOPbIE
BPY4HYIO KyaccuuuupoBanu kak odnact «0e3 nmopakeHusy. [Ipu ynydImeHHbIX
o0y4arIux JaHHbIX U 0ojee OOIMPHOM OOYYEHUN MOZAETb HEHPOHHON CETH MOXKET
JIOCTHraTh JaKe JIYYIIUX Pe3yJIbTaTOB (PHIBTPALIMH U HCIIOIB30BATHCS B KAUECTBE
3¢ (EeKTUBHOTO TOMOJIHEHUS C AJITOPUTMOM CerMeHTalnn PenbleHInBaIb0a 1T yIaleHus

JIOKHBIX TIOJIOXKHUTENBHBIX 00acTel «0e3 MopaskeHHsD.

BriBoABI

B pesynbrare Obu1o 00HApPYIKEHO, UTO ANTOPUTM CETMEHTALNN H300paKeHUs
DenpreHIBaNBOA MTPEIOCTABIII XOPOIIUH aJrOPUTM HA4aJIbHON TUArHOCTUKU, KOTOPBIH
MOXeT 3P PEeKTUBHO BBIYHCIATH IJIOMIAb IOBEPXHOCTH MOBPEXKISHHS Tesa maunueHTa. Takke

ObL10 OOHAPYKEHO, YTO CBEPTOUHBIE HEHPOHHBIE CETU MOTYT KJIACCH(PUIIMPOBATE C BBICOKOH
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TOYHOCTBIO MEKY MPEATIONaraeMbIMU 00JACTAMHU «C TIOPAXKEHUEMY U «0e3 IOPaKEHHD» U3
cermeHTanuy PenplieHIBaNIb0a P 3aJaHHOM XopolieM o0yuaroineM Habope naHHbIX. B
COYETAaHUH C 3TUMH JIByMsI pe3yJIbTaTaMH ObIJIO TIOKA3aHO, YTO AJITOPUTM CErMEHTALNU
u3o0pakeHus PenbleHIIBAIE0A B COYETAHUN CO CBEPTOYHOI HEHPOHHOM CEThIO MMeeT Ooiee
TOYHBIH UCXOAHBIA AUATHO3 ITyTEM BBIYHCIICHHUS CEIMEHTALN U300paskeHHs U, TAKHM
00pa30oM, OLIEHKH IUIOAAN TIOBEPXHOCTH Tela 1isl 3a00JIeBaHuUs TICOPHA30OM.

OnucaHHbIe BbIIIE CIIOCOOBI BbIYUCTeHHsI BSA MOTyT OBITh HCTIOIB30BAHBI IS
CO3JIaHMsI CUCTEMbI BBIUHCIICHUS OLIU(PPOBAHHON OLIEHKH 3a00JIeBaHHS TICOPHAZOM.
Hanpumep, mytem o0yueHHUs1 aHAJTOTMYHBIX CBEPTOYHBIX HEHPOHHBIX CeTel ¢ S BXOIHBIMHU
n300pakeHUsIMH 00J1acTel MmepenHel 4acTu Tella, CIIUHBI, TepeTHeN 4YaCcTH HOTH, 3aTHeH
4aCTU HOTHU U TOJIOBBI JJIs1 aBTOMATHU3aLUU MTONTHOMN cucTeMbl oleHkU PASI MoskeT BBIBOAUTH
unnexc PASI crenenu Tsokectu B quanaszone 0—72. Takue KOMIBIOTEPHbIE CUCTEMBI,
Hanpumep, Opi HenaBHO npemiokeHsl B (C. Fink, L. Uhlmann, C. Kutter, et al (2018)
ABTOMaTUYECKOE, yIpaBlisieMoe KOMIIbIoTepoM usmepenus PASI ¢ nomoieio aHanusa
1 poBOro M300paKeHNs IO CPABHEHHIO ¢ OOBIMHBIMH BPauaMH KaJIbKYJISLIUN: TIPOTOKOI
HCCJIEZIOBAHNS [l CPABHUTENILHOIO aHAN3a, OJUHOYHOIO LIeHTpa, uccaenosanus BMJ Open
2018;8: e018461. doi: 10.1136/bmjopen-2017-018461.), mokeT MOMOUYb Bpauam CO3AaTh
ay4urne, 6onee ObIcTpble U Ooee HHPOPMHUPOBAHHBIE PELICHUS TIPU TUATHOCTUKE

KOHTpOJIEe 3a00I€BaHUI KOXKH, TAKUX KaK I1ICOpHUa3.

Cneunanucram B JaHHOH 00acTH OyA€T MOHATHO, YTO B BAPUAHTHI OCYLIECTBIICHHS,
OIHCAHHbIE BBILIIE, MOKHO BHOCUTh HU3MEHEHHsI 0€3 OTCTYIUICHUS OT 001el KOHIEMIHH
u3zo0perenust. Takum 0Opa3oMm, cienyeT MOHUMATh, YTO JaHHOE H300peTeHne He OTPaHUYEHO
KOHKPETHBIMU OIMMMCAHHBIMU BapUaHTaAMU OCYIIECTBJICHUA, HO IPEANOIaracrcs, 4To OHO

OXBaThIBACT MOAU(HUKALMH B MpeesiaX CYIIHOCTH U 00beMa HACTOALIETO U300PETeHNs!.
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DOOPMVIJIA N30BPETEHHA

1. Cnocob ¢ BCnoIb30BaHUEM BBIMUCIUTENbHON TEXHUKH JUIs ONIPEAEIICHUs CTENIeHH TSHKECTH
KOKHOTO 3200J1€BaHMsI HA OCHOBAHUH MPOLIEHTHOTO 3HAYSHMS TUIOLIA N TOBEPXHOCTH TeNa
(BSA, Body Surface Area), KOTOpast HOKpbITa OPAKEHHSIMH, BKIFOUAIOIIUIL:

(a) BRIMOJTHEHHE CErMEHTALMH U300paskeHHsI HA MHOXKECTBO n300paskeHuit 00y4aromero
Habopa BSA ¢ npumenenuem anroputma cermentannu @enpreniBansda (Felzenszwalb),
pUYEM KaXKJI0e U3 MHOXKECTBA N300paskeHui o0yvaroiero Habopa BSA conmep:kut KokHOE
3a0oJieBaHe, MPUYEM CEerMeHTaLUs M300PasKeHUSs], BBIMOIHEHHAS! C HCIIOIb30BAHHEM
anroputma cermeHTan DesbLeHBanIb0a, BHIBOAUT MpeaiaraeMbie 001aCTH B KAKIOM U3
MHOKECTB M300paskeHni o0y4aromero Hadbopa,

(0) mepecerMeHTaIIMIO KAXKIOTO U3 MHOXKECTBA N300parkeHui oby4aroiero Habopa,

(B) kaccupUKALIUIO PYYHBIM CIIOCOOOM KaKIOH U3 MPEAJIOKEHHBIX 00IACTeH B KaXKIOM U3
MHO>KECTBA TIePECEerMeHTHPOBAHHBIX N300paKeHNI 00yJaroIiero Habopa Kak «¢
nopakeHueM» WIH «0e3 MOpaXKeHUs»,

(r) oOyueHne HEHPOHHO CETH C UCTIONBb30BAHNEM KIIACCU(ULIMPOBAHHBIX PYYHBIM CIIOCOOOM
MPEIUIOKEHHBIX 00JIACTeH B KAKIIOM M3 MHOXKECTBa U300pakeHuH o0yJaroIero Habopa,

() BBIOJTHEHUE CerMEHTAMK N300paskeHHsI HA KOHTPOJIbHOM n3o0paskeHnu BSA, koropoe
COZIEPIKUT KOKHOE 3a00JIeBaHIe, C UCIIOIb30BAHUEM aJITOPUTMA CerMEHTALUH
denpueHmBaIB0a, MPUYEM CErMEHTALMS H300paKEeHUs, BBIITOJHEHHAs! C UCTIOIb30BAHUEM
anropurma cermeHtanuu PespueHIBanb0a, BBIBOAUT 00JaCTH B KOHTPOJIBHOM H300paskeHUN
BSA;

(e) mepecerMeHTaLMIO KOHTPOJBHOTO U300PaKEHMS,

(>x) BBOA 00J1aCTH EPECErMEHTHPOBAHHOTO KOHTPOJILHOTO N300paskeH s B 00yUEHHYIO
HEHPOHHYIO CETh,

(3) ucnonb3oBanre 0O0yUYEHHON HEUPOHHOH CeTH ISt ONPeNeNieHUs] U OT(PUIBTPOBBIBAHUS
o0nacTeii «0e3 MopakeHHs» U3 MePECerMeHTUPOBAHHOTO KOHTPOJIIbLHOTO N300paKEHMS,
NpUYEM OCTalIbHbIE 00JIACTH MePecerMEHTHPOBAHHOIO KOHTPOJIBHOTO N300paskeHH s
KIacCUPUUHMPYIOTCS KaK 00JIACTH «C MOPAKEHUEM»,

(1) BRIMHCIIEHNE TPOLIEHTHOTO 3HaueHnst BSA B KOHTPOJIBHOM M300paKeHNUH, KOTOPOe
MOKPBITO MOPAKEHUSIMH, C UCTIOJIb30BAHUEM IUIOLIAIEH KJIaCCUPHULIMPOBAHHBIX 00acTei
HOpaKEHUsI C MePeCerMeHTHPOBAHHBIM KOHTPOJIbHBIM H300paKeHUEM, a TAKKe TUIOLIAIeH,
OIpeAesIeHHBIX KaK 00sacTi «0e3 MopakeHus1», MepecerMeHTHPOBAHHOTO KOHTPOJIIBHOTO

M300paKeHHUS.
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2. Croco0 1o 1. 1, B KOTOPOM Kak H300paykeHus: o0ydaroiero Hadopa, Tak ¥ KOHTPOJIbHOE
n300pakeHne NepecerMeHTHPOBAHbI yTEM YBEJIMUEHUs napameTpa k-3HaueHust 1o

npumepHo 250.

3. Cnoco0 no 1. 1, B KOTOpOM HEHPOHHAS CETh MPEACTABIISIET COOOH CBEPTOYHYIO

HEHPOHHYIO CETb.

4. Cnioco0 o . 1, B KOTOpOM Tiepest 3TarnoM (1) 00y4eHus] H3MEHSIIOT pa3Mep MHOKECTBA
u3o0pakeHuii oOydaromero Habopa 10 pa3Mepa UHTEPIOJISIIUH U300 paskeHUsT MpUMepHO 16 X
16 nukcenei, u mepea 3TanoMm () U3MEHSIOT pa3Mep KOHTPOJIBHOTO U300paKEeHHs 10
pa3Mepa MHTepPIOJSILIH H300paskeHus MPUMeEpHO 16 X 16 nukcenei.

5. Cnocob mo 1. 1, B KOTOpOM KOKHOE 3a00JIeBaHIe MPENCTaBIsieT coOOM copuas.

6. KommbroTepHas cucrema 1uisl BBIOJIHEHHS criocoda 1o 1. 1.
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Metog @enbueHweanbba
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[MpoueHTHOe 3HavYeHne BSA: 19,78%

Qur. 2
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3. BOJIbLUWUE OBNACTU

bur, 3
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CermeHTauusa PenbueHwBaneba + counstp CNN CermenTauus QenbueHwsansba

3
Mot

EONE R O
[poueHTHOE 3HaYeHne Tena ¢ nospexgeHusmn: 25,18%

byr, 4
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dur. 5B
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HAYAJIO
+

600— BrirtosiHnte cermMentanmo uiodpakenus Ha MuokecTse wiobpakenuit ofyyaromero
Habopa nioImanei NOBEPXHOCTH TEJIA ¢ HCNOML3OBAHNEM AIToPITMa cermenTay Oenpuenmpainba
¥ BBIBECTH HPEAAOKEHHBIE O0NACTH B KAKIOM H3 MHOKECTRA H3o0pamennit o0yuaomere nabopa

1

602 — TlepecerMenTHPOBATE KR0S H3 MHOKecTBa wioBpaxenult obyuarwmero nabopa

]

604 — KnaccupuimposaTs PyUHEIM criocoGoM Kakayw W3 NpeIckeHHBIX 001acTel B KamkIOM M3 MHOKECTRA
TIepecerMeHTHPOBAHHEBIX H300pakeHuil obyHavmero Habopa KaK «¢ NOPRKCHACM? HIH «5e3 NOPaKEHH»

606 — OBy«uTh HEHPOHHY CETh ¢ HENOAB3OBAHMEM KAaCCHHINPOBAHHBIX PYuHbIM criocobom
npeAnoKeHBbIX obnacTell B KEKIOM 13 MBOKeCTBa u3oGpakenyii obywaromero vaGopa

&

608 — BuIIoauuTs CerMenTanmio Hmﬁpzm\‘cnmf Ha ROUTPOABHOM HSOﬁ]‘Ja)KQHHH THIOIAIH MOBCPXHOCTYH TEAE,
KOTOPOE COCPAKHT KOKHOE 3a007I¢BaHNE, ¢ HCTIOTB30BAHHEM ATOPHTMA cerMenTalny Meaptenrpams0a B BHRECTH 00aacTH
B KOHTPONBHOM H300pameHu IMIOMAIY NOBEPXHOCTH Te)a

+
610 — [lepecerMenTHPOBATE KOUTPOILHOE H300paKECHHE
s
612 — Baecty 06nacTy nepecerMeHTHPORAHHOID KOHTPOALHOTO usobpameHus B 00y4eHHYIO HEHPOHHYIO CeTh
i

614 — Mcnomb30Bats 0GYIEHHYIO HEPOHHYIO CETh AN OUPEReNeHns i OTPUABTPOBRIBaAIA oGnacTeil «Bes nopameHuy
U3 MePecerMeHTHPOBAHHONO KOHTPOIBHOTD H300paKeHHs, TPHUEM OCTATBHBIE OGIACTH IIepecerMeHTHPOBAHHOTO KOHTPOIBHOTO
w300paKenta KnacCHPHUNPYROTCS Kak 0BIacTH «C TIOPAKEHHEM»

616 — BerancauTts MpoUeHTHOE 3HaucHie BSA B KOHTPOTLHOM M300PBKEHNH, KOTOPOE OKPBITO NOPOKEHUIMH,
€ HCTIONMB3OBAHMEM TUIomaneH KnaccndumposanipX obaacTei IMOpameHns ¢ NepecerMeHTHPOBAHHBIM KOHTPOTLHBIM
n30bpaKeHHeM, a TAIGKE TTOMAAcH, Onpeaenentbx Kak obnacty «Ge3 mopakeHHs», HEPecerMeHTHPOBAHHOTO KOHTPOIBHOTO H300paKEHHS

4

KOHEL]

Dur. 6
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Obyvarowmin HabGop
n3oGpameHu

2

KontponbHsid Habop

n3obpaxeHnin

Mpoueccop

CermenTtauua
H306paXeHus

FSA

NepecermexTauma

fMpoueccop

dur. TA

Cermentauua
H300paKeHUA

FSA

dur. 7B

HYenoeer-gnaccughukamop
(mwodu-xnaccughbukamopbt)

OBnactn Ha
H30BPAKERUAX.

O6nacrty «c
nopaxexnem» MK
«6e2 nopaxeHus»

O6nacTy ka
H30BPAKSHHAX

O6yvennan
CNN

obyueHue
CeeprovHasn
HEWpPOHHARA CeTh
{CNN)
QbnacTy «¢

TIOPAKEHHEM® MAH
«Be3 nopakesus

Boiqucnenwe
BSA
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