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AHHOTANUA

B nanHOIT paboTe paccMaTpuBaeTcs IpUMEHEHNe TEKCTYPHBIX TIPH-
3HAKOB XapajuKa IJIs paclio3HaBaHMS Y3JIOB Ha YIbTPa3BYKOBBIX
I/I306pa)KCHI/IﬂX LL[HTOBH,Z[HOﬁ JKeJe3bl. Ee OCHOBHbBIMU LICJISIMU IB-
JIAIOTCST U3BJICUCHUE YKCJICHHBIX MPHU3HAKOB, XapaKTEepPH3YIOIIUX
TEKCTYpy U300pakeHus, 1 mocieayiiee 00ydeHrne HelpoceTeBoi
MoJe. DKCIIEPUMEHTH TIOKa3bIBaIOT, YTO ONTHMABHBINA pa3Mep
ucclieyeMoit 001acTu coctaBisieT 32x32 nuKces, a UCHOIb30Ba-
Hue 11BeToBbIX Mojesiell RGB u HSV obecnieunBaeT TouHOCTH pac-
no3HaBaHus He MeHee 90%. [lomydeHHble pe3yabTaThl JEMOHCTPU-
PYIOT MepCHEeKTUBHOCTH IAHHOTO IOXO0/a JIJIs ITOBBITIEHUS 3(phek-
TUBHOCTH MEAMIIMHCKON JUArHOCTUKHU.

BBegenue

N3o6paxenus yrbTpa3BykoBoro mccienoBanus (Y3U) ABisoTCs JemIeBbIM,
MPOCTHIM ¥ 3(phEK TUBHBIM CITOCOOOM JIJTsI BBISIBICHN ST aHOMAJIN# I TOBUIHOM Ke-
JIe3bl YeJIOBeKa, B YaCTHOCTH, OHKOJIOTHYecKoro 3aboneBaHust. OJHMM U3 PU3Ha-
KOB paka SIBJIIeTCS MOSBJIEHUE B IIIUTOBUAHOM XKeJjle3e TaK Ha3bIBAEMBIX «Y3JIOB.
V371aMu IPUHATO Ha3bIBAaTh BCE HOBOOOPA30BaHU s, KOTOPBIE OTJNYAIOTCS IO 9XO-
T€HHOCTH (CTIOCOOHOCTH OTPaXaTh YJIbTPA3BYKOBOM CUTHAJT) OT OKPY KaloIen TKa-
HM IIUTOBUAHOM Xkese3bl. OHM JessATCs Ha HECKOJIBKO BUOB:

* W303XOreHHbIE — y3JIbl COBIA/IAIOT 10 INIOTHOCTH C TKAHBIO U TOBU/IHOM XKe-
JIE3HL;

* TUIEPIXOTeHHbIE — Y3JIbl C MOBBIIIEHHONW XOTeHHOCTBIO (Oosee IUIOTHAs
TKaHb); Ha n300paxeHnn Y3 BeIIsIaAT O0Jiee CBETJIbIMU;

* aHIXOTEeHHbIE — y3JIbl C TOHUKEHHON 9XOT€HHOCThIO (MEHEe MJIOTHAs TKaHb);
Ha n3oopaxenun Y 3U BHIIAAAT O0Jiee TEMHBIMH.

ITpu mpocMoTpe GOMBIIOro yKciIa M300pakeHWil B MEJUIIMHCKON KIJIMHHUKE
Ba)XHO MMETh IIPOT PAMMHBII THCTPYMEHT, NO3BOJISIOIINIA OBICTPO BBISIBIIATH HOBO-
00pa30BaHMs B IUTOBUAHOI Xkele3e, a Takke IIOMOYb MeJIMKaM OIIpe/IeNIUTh Na-
LIUEHTOB, TPEOYIOIMX CPOYHOI rocnuTamm3anyy. CymecTBYIOT MHOTO Pa3INYHBIX
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METOJOB aHajn3a HU(POBLIX U300paKEHMIT JIJIs1 N3BJICUSHUST XapaKTEPHBIX NPH-
3HAKOB U151 TTOCJIeYIOIIEro 00yueHus KilacCU(pULIMPYIOIIMX HEHPOHHBIX ceTeil. B
JaHHOW CcTaTbe MBI MCHOJIb3YeM JUIsl aHaIn3a N30paHHble TEKCTypHBIE IPH3HAKN
Xapamuka [[l|], a Takxe MeTo OMHAPHOM JIOTHKY [2], 1 cpaBHUBaeM IMOTyYEeHHBIE
pe3yJbTaTHL.

lIaHH])Ie " METOAbI

O0padoTKa N300parkeHui

Jlist ipoBe IeHU st MICCJIe TOBaHuUs1 ObLIM B3SAThI n300pakeHus1 Y 3U U TOBUIHOIM
’KeJse3bl, MojydyeHHble B KiMHMKe BBICOKMX MeJULIMHCKUX TexHojoruil um. H.U.
IMuporosa. [lanee Ha 3apaHee 0Oy4eHHOIN MOJEIH Il PacliO3HaBaHUsI OOBEKTOB
ObLIa TIpoM3BelleHa pa3MeTKa n3o0paxeHuii B cucteme Supervisely [3]. [Jannas
MporpaMma UCMOJb3YeTCs CHENUANIUCTAMU KJIMHUKY W TIpeHAa3HAYeHa I pas-
METKU W300paXeHHii BPYUYHYIO WM TIPH [OMOIIM HeApOHHBIX ceTeil. Ha m3o6pa-
JKEHUsIX ObLIa BbljieIeHa HOPMaJIbHAs TKAHb IIUTOBUIHOM XeJie3bl U y3iibl. Ha ciie-
JyIoIeM dTare ObUIM YTOYHEHBl TPAHMIIBI Pa3METKH, a TaKke MpOBejieHa BepH-
(pukarys nosryYeHHBIX N300paKEeHMI CIIENMAMCTOM KJIMHUKH. [1J151 KOppEKTHOTO
00y4eHHs] HEHPOHHOI ceTH HeOOXO0AUMO 00eCIeunTh OalaHC MeXIy KJIacCaMH,
U3BJIEKast PABHOE KOJIMYECTBO 00JIACTell C HOPMAJIbHOM TKAHBIO IIUTOBHUIHOM Ke-
JIe3bl U C Y3JIOBBIMU 0Opa30BaHUSIMH. DTO MO3BOJISIET U30EKATh CMEIEHUsT MO-
JieJI1 B CTOPOHY OAHOTro U3 KjaccoB. Ha pucyHke 1 nmoka3aH npumep HojlyyeHuUs
JaHHBIX 0OJacTeil. OHM BBHIOMpAIIICh TAKMM 00pa3oM, YTOOBI B UTOTE MOy YHIIOCh
MaKCHMaJIbHO BO3MOKHOE MHOKECTBO HEIIepPECEeKaloIXCs 001acTeil.

IIpnMeHeHNne TEKCTYPHBIX NIPU3HAKOB XapaJnuka

[pumeHeHWe TEKCTYPHBIX NPU3HAKOB XapairKa OCHOBAHO HA MPEIIIOJIoKe-
HUU, YTO TEKCTYpHAsk UH(OPMALUA U300pAKEHHS ONPEENAETCSI IPOCTPAHCTBEH-
HBIMU B3aUMOCBSI3IMH YPOBHEHN CEpOro. ITU B3aMMOCBS3H MPEICTABIISAIOTCS B BUi-
Jle MaTpUIL, OTPAKAIOIINX PA3JIMYHBIE THITHI OTHOLICHUI MKy [UKCENIAMH B 3a-
JIaHHO# okpecTHOCTH [4]]. [lasiee U3 3TUX MaTpPUIl U3BJIEKAIOTCS YUCJIEHHbIE PH-
3HAKM [JIS TIOCJIEYIONIEro aHaiu3a. [Jisi KOppeKTHOH paGoThl JJAHHOTO METO/a
HEOOXOIUMO BHIGPaTh 00J1aCTh HA M300PaKEHUM B BUJIE IPSAMOYTOJIBHUKA, e N,
— KOJIMYECTBO MUKCEJIeH 110 TOPU30HTAH i N, — KOJIMIECTBO ITHKCeIeil [0 BepTH-
Kanm, a Ny — KOJIMYecTBO ypoBHeii ceporo. Jlaee BBOAUM rOPH30HTAIIbHYIO TIPO-
cTpaHcTBeHHY0 001acth L, = {1,..., N, } ¥ BEPTUKAIbHYIO IPOCTPAHCTBEHHYIO
obmacts L, = {1, ..., N, }, a Takxke MHOXeCTBO ypoBHeii ceporo G = {1,..., N, }.
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D1 2.56cm
D2 2.08cm

Puc. 1: N3o6paxenre V3 mMTOBUAHOI XeJe3bl C OAHIM OYEPUCHHBIM Y3JIOM U JBYMSI
KBa/IpaTHBIMH OJIOKaMH, BRIOPAHHBIMH M3 HOPMAJIBHO# M Y3JI0BO# TKaHH IUTOBUIHOM XKe-
JNie3bl (BHYTPY BBIJICJICHHOW 001aCTH)

OCHOBBIBASICh Ha BBEJCHHBIX MOHSTHUSX, ONpeAeuM (PYHKIHIO n300pakeHus |
cnenymommum odpaszom: I : Ly x L, — G.

OCHOBHbBIM 3TArlOM PeaIM3alliy JAHHOTO METO/A SIBJISIETCS] BBIYUCIIEHUE Ye-
THIpEX Mep, MPeICTABIIA0IIIE COO0 MATPUIIBI YaCTOT PP, B KOTOPHIX JIBA COCE/I-
HMX TIHKCeJIsl HaXOAATCs Ha paccTosiHud d. DieMeHTaMu Matpuipl P sBisioTcst
HEHOPMAaJIM30BaHHBIE OTHOILIEHUST YPOBHE# CEpOro, KOTOphIE 3aMKUCHIBAIOTCS Clie-
JYIOLIMM 00pa3oM:

* Paoe(iyj) = #{((k,1),(m,n)) € (Ly X Lg) X (Ly X Lg)lk —m =
0, —n|=d,I(k,l) =4,I(m,n) =j}

n L;) x (Ly x Lg)|(k —m =
d,l—n=—-dor(k—m=—-d,l —n=d),I(k,])=1i,I(m,n) =7}
L

° Pd,QOO(iv.j) = #{((k7l)7(m7n)) € (Ly X
d,l—n:O,I(k,l):i,I(m,n):j};

* Pyasse(i,j) = #{((k,1),(m,n)) € (Ly x Ly) x (Ly X Lg)|(k —m =
d,l —n=d)or(k—m=—-d,l —n=—-d),I(k,]) =1i,I(m,n) =j},

2) X (Ly x Ly)||k —m| =
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e # 0603HaYaeT MOIIHOCTh MHOXecTBa. Ha pucyHke 2 noka3saH npumep BbIYUC-
JIEHWs] JaHHBIX MaTpUIl 1J1s1 1300pakeHnsI YeThIpe Ha YeThIpe MuKcesst npu d pas-
HOM OJJHOMY.
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Puc. 2: IIpumep BhiunciieHns: matpuil. B kauecTBe npumMepa Bo3bMeM nzodpaxenue I pas-
MepoM 4x4 MHUKCeJIst C YeTHIPbMST YPOBHSIMHE CEPOr0. 3aTeM MOCTPOMM TaOJHITy OTHOUICHHMIA
YPOBHEll ceporo, o KOTOPOH BBIUKMCIISIEM YEeThIpe MAaTpHLB BXxoxkaeHus: P npu d paBHOM
eJIMHULIC.
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Crie1y0IMM 3TaloM HEOOX0AMMO HOPMAJIM30BATh MOJTY YUBIIHECS MATPHIIbL,
TaKUM 00pa3oM, YTOOBI CYMMa BCEX JIEMEHTOB PABHAJIOCH eauHuLe. [Tpu oMo
HOPMAJIM30BAHHON MATPHIIBI P BBIYMCIIIEM MATEMATHIECKOE OKHUIAHUE IO CTPO-
KaM ¥ cTonluaM (fig, (), @ TAK XKe UX AucHepcuu(oy,o,) [5]. Popmynst ams
pacueTa JaHHBIX BEJIMYMH PUBEJIEHBI HIKE (TaK KaK JUIs BCEX MOCTIE[YIOIIUX Bbi-
YHCJIEHUI BBITOJHSAIOTCS OJIHH U T€ JKe JISHCTBYSL, TO UHIEKCH! PACCTOSIHUS MEXK LY
MUKCEJISIMU U yIJIa OIyCKaeM):

¢ pe =Dy (i, 7);
* ly =i d i (0 )
©0p =30 (1= pa)? 30,5, p(i,5);
s oy = (L= py)? > P03, 9).

[Tpu nomoIy paHee MOTyYEHHBIX BEJIMUMH Jajiee BBIYUCISIOTCS 15 mpusHa-
KOB, KOTOpbIE MOKHO MCIIOJIb30BaTh MPH JaJbHEHIEM HCCIIeJOBAaHNH N300paxe-
HU. B Hammx skcrnepuMeHTax HawlydIine pe3y/bTaThl HOMYYalTCs MPH UCIIONb-
30BaHMU CJIEIYIOIMX IPU3HAKOB: OHOPOJHOCTh, KOHTPACT, KOPPEIsLHs, AUCTIep-
CHS1, TOMOT'€HHOCTb.
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_ . . 2 o o
* fi =22 2_;p(i, j)* — OXHOPOAHOCTD. DTO TEKCTY PHBIIi IPU3HAK, KOTOPBIiA
XapaKTEPU3YeT OJHOPOIHOCTh TEKCTYPhl U300pakeHust. Biuskoe K enuHuie
3HaUeHUE JAHHOTO TIPU3HAKA TOBOPUT O TIAJKON CTPYKTYPE, T.€. 3HAUCHHSI
NUKCeJel Majio BAPUATHUBHBI M YACTO OBTOPSIIOTCSL.
e fo= ZNg_l n2(ZN~" (4,7)) — koHTpacT. JlaHHBII IPU3HAK TIOKA3bI-
2 — n=0 |i—j|:np 5 J p . p
BAET HACKOJIBKO CHIIBHO OTJIMYAIOTCS HHTEHCUBHOCTH COCEIHUX TUKCENIEH.
224 225 (19)P(6,5) —paps .
o f3 = S =Y _ koppessius. OHa U3MEPSET CTENEHD JIMHEH-
HOM 3aBHCUMOCTU MEX/y 3HAYECHUSIMU UHTEHCUBHOCTEN MUKCENEid, pacro-
JIOKEHHBIX psiioM. Hampumep, HU3Kas KOPPEAIMS YKa3biBAET HA HAIMYME
PE3KMX IPAHUI] M BHICOKOYACTOTHBIX M3MEHEHHMIT B M300paXeHUH.

* fa=—232;22;p(i j)log(p(i, j)) — surpomms IllenHona. JJaHHbIN npu3HaK
U3MepSIET CTENEHb GECTIOPSAIKA UM CIIOKHOCTH TEKCTY Dbl HA H300PaKEHUN.

o 1 .o
cfs==20 mp(z, J) — TOMOTeHHOCTb. JTO MPU3HAK M3MEpSET,
HACKOJIbKO OJIM3KM 3HAYEHHs THKCeNel Apyr K Apyry. B xozxe skcnepumen-

TOB 6LUIO BBISIBJICHO, YTO OH HaI/IGO.HCe CHUJIBHO BJIMSIET HA TOYHOCTHh MOJCIIN
(10 70%).

O0yueHHne HEHPOHHBIX ceTel

B kauecTBe MOJIe/IM MAIIMHHOTO 00y4YeHHs ObLT BHIOpAaH METO/] OTIOPHBIX BEK-
TopoB (SVM) 6ubnmoreku scikit-learn [6]. Ilepen oOyueHuem npusHaku ObLIM
MacTabMpOBaHbl, YTOOBI IPUBECTU MX K €MHOMY MaciuTady 1 u30exarhb JJOMH-
HUPOBAHUS OJIHHUX MPU3HAKOB HaJl APYTUMH, a TAKXKE JaHHbIE ObUIH pa3fie/icHbl Ha
nBe rpymmsl. O0yyJaromias BEIOOpKa coctaBisiia 80% naHHBIX, TecToBast — 20%.

PesyabTaThl

Ha nepBoM 3Tane sKCrepuMeHTOB ObLT ONpeesieH ONTUMAJIbHBIN pa3Mep U3-
BJIeKaeMoii 00y1acTu. B cepum skCriepuMeHTOB pacCMaTPUBATICH KBaIpaTHBIE 00-
sactu pazmepoM 20x20, 25x25, 32x32 u 35x35 nukceneil. PesynbTarsl npusene-
Hbl B TaOsmie 1. Ha HUX BUIHO, YTO HAMOOMbIIIEil TOUHOCTH (J10JIs1 IPABUIIBHBIX
IIpeICKA3aHUIA Cpeu BCEX NPeJCKa3aHnii MOJIE/IN) MOJE/b JOCTUTAET IIPUA pa3me-
pe obsactu 32 Ha 32 muKcels.

Ha Bropom sTane 6bl1a HcciieoBaHa 3aBUCMMOCTb TOYHOCTH MOJIEJIN OT I[Be-
ToBoil nanuTpsl. Mcnonpzosamick namitpsl RGB, LAB u HSV. Pesynbrate npu-
BeZieHb! B Tabmmle 2. Hanbomnpleli TOYHOCTH yaaslock H0CTHYh Ha Mopeisix RGB
u HSV.
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Pasmep o6aactu | TounocTs Mogesm
20x20 | 0.68
25x25 | 0.76
32x32 | 0.91
35x35 | 0.89

Tabmuia 1: TOYHOCTh MOJE/H B 3aBUCUMOCTH OT pa3Mepa 00JacTh

IIBeToBas mogesib | TouHocTh Moaeu
RGB | 0.91
HSV | 0.9
LAB | 0.82

Ta6J11/1ua 2: TOYHOCTH MOZEH B 3aBUCUMOCTH OT IIBETOBOM Moaecam

JIJ1s1 cpaBHEHMS C IPYTMMHU METOIAMM W3BJICUEHHs TIPH3HAKOB M3 M300paske-
HUsI ObLT peajm30BaH MeTo/] JIOKajibHoro 6uHapHoro matdnona (LBP) [[7]. Ho mo-
JeJib, 06y‘{CHHaH Ha le/I3HaKaX, nonyquHbe Hp[/l IIOMOIIM JAaHHOI'O ME€Toaa, I10-
Kazaja TOYHOCTh B 60%, YTO 3HAYMTENIBHO XYyKE, YeM MPHU UCIOIb30BAHUM TEK-
CTYPHBIX MIPU3HAKOB XapaJuKa.

3akJirouyenne

B naHHOI cTaThe MpecTaBlieH MoAXoA K 00paboTKe pa3MedYeHHbIX H300paKe-
Huil Y3U mUTOBUIHON keJe3bl U1 MOCIey0IIero U3BIeYeHns] YUCICHHbIX Xa-
PAKTEPUCTUK MPU MOMOIIH TEKCTYPHBIX MPU3HAKOB XapasnKa. Takxe MpuBeeHbl
CepUU SKCIIEPUMEHTOB, 10 KOTOPbIM MOKHO ClIeJIaTh CJIeLYyIOIIE BbIBOIbIL:

* HauOoJIee ONTUMATLHBIM Pa3MepOM OOJIACTH ISl pa3JieJieHUs Y3JI0B OT HOp-
MaJIbHOM TKaHW IIATOBUIHOM KeJIe3bl COCTaBIIsAeT 32 Ha 32 MUKCes;

* KCMOJb30BaHUe 1BeTOBbIX Moaeseid RGB u HSV paer nyummii pesyabrar,
yem LAB.



Hcnons3oBanve TEKCTYPHBIX NIPU3HAKOB Xapam/lka JJIA aHaJiu3a n306pa>l<em/1ﬁ IIUTOBUAHOM ... 1 15

BaaromapHocTu

Aptopst 6narogapst KiMHUKY BRICOKMX MEAMLIMHCKUX TexHonoruit um. H.1.
IMuporoBa 3a npeocTaBieHHbIe 00pa3iibl U300pakeHuil.
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