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Pe3stome: Paspaboman amniumyoHo-0emeKmopHblli Memoo MeKCMYPHOU Ce2MEeHMAayuu U300paniceHuti 30H U3HOCA
PedACYUUX UHCIMPYMEHMO8 CO CIedaMu XpynKkozo paspyuenus. Ilpeonosicena mamemamuyeckas MoOeib U300padicerHul
30H UBHOCA PENCYUUX UHCIPYMEHMOE CO Cle0amMu XPYNKO20 pA3PYUEHUs. KAK CNEeKMPATbHO-CIMAMUCIMUYeCcKdsi MOOelb
MEKCMYPHO20 U300PAdICEHUS C AMIIUNY OHO-MOOYIUPOBAHHBIMY KOLEOAHUAMYU 3HAYEHUL UHMEHCUBHOCTIU.

KiroueBble ciioBa: MeKCcmypHas cecmenmayus u3o6pa3fceyuﬁ, CREeKMpAIbHAsAl U cmamucmu4deckas mexkemypa, Mooeib

U300padicenuli 304 U3HOCA PEACYWUX UHCHPYMEHMOS.

BBEAEHUE
Bospacraromme  TpeGoBaHHMS K KayecTBY
00pabOTKM TMpH HW3TOTOBJIEHHH BBICOKOTOYHBIX

JeTaye oO0yCIIaBINBAOT HEOOXOIUMOCThL IpUMe-
HEHHS  CJIOXKHBIX, JOPOTOCTOSIIHMX  PEXKYIINUX
nactpymentoB  (PU). Breszamubie otkaszer PU
MPUBOJAT K 3HAYUTENBHBIM MPOCTOSM 000py-
JIOBaHHUS U MOTEPAM KayecTBa MPelU3NOHHONW oOpa-
O0oTkn peraneil. [IpuHyauTenbHas cMeHa HHCTpY-
MEHTa BBI3BIBACT yJOpOXKaHWE IPOU3BOICTBA.
[loaToMy HEOO0XOAMMO MPOBOAUTH KOHTPOJb U
nuarsoctupoBanue PU B mponecce 00paboTku, 4TO
CHIDKAaeT CTOMMOCTh W PECYPCOEMKOCTh TPOU3-
BOJICTBA.

[lepcneKTHBHBIM HAIPaBICHUEM KOHTPOJIS |
muarHoctupoBanuss PU  sBnsioTcs  BU3yalibHBIC
METOJTBI, KOTOPBIE PEATHIYIOTCS C MTOMOIIBIO CHCTEM
dbopmupoBaHus U300paXKEHUH W aBTOMATH3H-
pOBaHHBIX  cHCTeM 00paboTKH  W300pakeHUit
(ACO3). Hcnonp3oBanue cUCTeMBl (HOPMUPOBAHUS
n300pakeHn i’ TO3BOJIIET pemaTs 3a1aqn
nuarHocTukn PY Ha OCHOBaHMHM WX KOHTPOJ
undpoBoit (hoTokamepoi. OYHKINOHAIBHOE
HazHaueHne ACO3 BKIIOYACT MpeaBapUTEIHHYIO
00paboTKy u300pakeHuMid 30H wu3Hoca PU,
CeTMEHTAINI0, WACHTH()UKANIO TEeOMETPUUECKUX
pa3sMepoB  AePEKTOB U  KIACCHPUKANHMIO ITHX
M300pakeHHH 10 TTapaMeTpaM M3HAIINBAHMUS.

dopMupoBaHre HM300paKEHUH 30HBI HM3HOCA
pexywmweit uvactu PU npoBoautcs ciemyroomum
obpazoM. B MoMeHTHI TpephIBaHUS 00pabOTKH B

KOHTPOJIBHOM TO3WIMH CTaHKA MPEIBAPUTEIBHO
OUMILEHHas pexymas yactb PW  opueHTHpyeTCS
OTHOCUTENBFHO LU(PPOBOH (oTOKaMephl, OCBella-
€TCsl, 1 OTPaKEHHBI CBETOBOM NMOTOK IONAaNaeT Ha
1 poByIo (GoTrokamepy CHCTEMbI (HOPMUPOBAHUS

n300paXeHnH.

B pesymbraTe momydeHB HW300pakKeHUS 30H
u3Hoca PU, cooTBeTcTBylOIIME OJHOMY U3
COCTOSSHUM TOKapHBIX IIPOXOJHBIX pE3L0B U3

TBEPJOTO CIJaBa C HUTPUJAHO-TUTAHOBBIM TOKPHI-
teM. OIHO W3 3THX W300paKEHUU MPUBEICHO Ha
puc. 1.

Puc. 1 — M300pa:xenne 30ub1 n3Hoca PU u3
TBEPJOT0 CIIJIaBAa ¢ HUTPHIAHO-THTAHOBBIM
MOKPBHITHEM

Hedextr PU ¢ puc. 1 mpencraBiasgeT coO0H CKOJ
pexymield yactu. Peskue rpaHu storo jgedekra

BBI3BAHBI ~ XPYIMKUM  XapakTepoOM  pa3pylICHUs,
HA4aJIOM KOTOPOI0 SIBIISIFOTCS TPEILIUHBL.
Cymectytorme ACO3  [1] mis  Bu3yaabHOTO

KOHTpPOJIA W jAuarHocTukd PU He obecneuuBaroT
HEOOXO0JUMOM BEPOSITHOCTH MIPaBUIBHOTO
JTUArHOCTUPOBAaHUSA. DTO CBS3aHO CO cHenupuxon
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dhopmupoBanus m300paxkeHWit 30H m3HOca PU co
cleJaMH XPYIIKOTO pa3pyIlIeHus, 3aKIrovatoneiics B
TOM, YTO COOTBETCTBYIOIIEE U300pAKCHUE SBISICTCS
TEKCTypHBIM.  YpOBEHb  TIOMEX Ha  TaKOM
U300paKEHUU BBICOKHUH, YTO SBISETCA NPUIHMHON
MePEeCerMeHTalul U300paKEHUS TIPUMEHSICMBIMU B
HacTosmee Bpems weromamu [1] (mabmromaercs
MHOTO JIOXKHBIX TpaHuI] cerMeHToB). Ilostomy
aKTyaJbHOW  sBIETCS  3ajadya  pa3paboTKu
MaTEeMaTHYeCKOW MOJeNn TeKCTypHOro u300pa-
>)keHMsT 30H u3Hoca PU co ciemamu Xpyrnkoro
pa3pyIICHHUs] U METO/Ia €r0 CErMEHTAITUH.

Heabo padoTsl sBIsieTCs pa3paboOTKa MeEToJa
TEKCTYpHOW CerMEeHTaIui N300pakeHuil 30H U3HOCca
PU co crnemamu Xpynmkoro paspyuieHus Jyist
MOBBIIICHUS] TIOMEXOYCTOMYHUBOCTH CETMEHTALUU.
J1 mocTHKEeHUs TOCTAaBIICHHOH TIeNTH Tpe/uaraeTcs
MaTeMaThdeckas MOJeTb W300pakeHusl 30H M3HOCA
PU co cnenamu Xpynkoro pa3pyiieHus.

1. MATEMATUYECKAA MOMEJb
U30BPAXEHUA 30H N3HOCA
PEXYWNX UHCTPYMEHTOB CO
CNEOQAMU XPYINKOIo PA3PYLWWEHUA

IIpu ncnonp30BaHUM OPSIMBIX METOI0B KOHTPOJIA
BEeJIMYMHA ¥ TUN HW3HOCA OTpakaloTcd Ha
n300pakeHusx 30H wm3Hoca PU. 3HaueHus
WHTEHCHUBHOCTH W300pakeHWid 30H wm3HOca PU
COZIEPKAT CIyYaillHyI0 COCTABJIAIOILYIO BCJIEICTBHE
TOr0, YTO CHCTEMa pEe3aHHsd XapaKTepu3yercs
MHOKECTBOM CIIYYalHBIX (PAKTOPOB, a TaKXke TOTO,
YTO B pE€3yJIbTaTe TPEHHUS MOBEPXHOCTU PE3aHUSA O
3aJHHE TIOBEPXHOCTH U CTPYKKH O MEPETHIOI0
MIOBEPXHOCTh WHCTPYMEHTa TBEpbIE
MUKpPOKOMITOHEHTHI MaTepuaia o0padaThiBaeMOn
JeTaqy  I[apamaloT  MaTepual  MHCTPYMEHTa,
MIOCTOSTHHO pa3pymias ero.

CnoxHas  ¢opMa  pexymed  4YacTH |
HEPAaBHOMEPHOCTh 3arpy3Kd pPAa3iIM4YHbIX YYacTKOB
pexymeir kpomkn PU 00yciaBivBarOT MOSBICHUE
JIOKAJIbHBIX OCOOCHHOCTEH Ha H300paKEHHUAX 30H
u3Hoca PU wu3-3a JoOKaibHOTO XapakTepa H3HOCA.
[ToaTomy Takue n300paxkeHHus cojiep>KaT HECKOIbKO
obuacTeli ¢ OTHOPOAHBIMU CBOHCTBAMHU.

3HaueHWss WHTCHCUBHOCTH W300paKEHUN 30H
n3Hoca PU cozpepxar B KayecTBE COCTABISIOMINX
aMIUTUTYTHO-MOTy TUPOBaHHbBIE CUTHAJIBI c
pa3IuYHOW Hecylled YacTOTOW. AMIUIMTYIHO-
MOIYJUPOBAHHBI CHUTHANl TIPEICTaBIsAET CcoOOi
NIPOU3BEJICHNE Orubaromeil © TrapMOHHYECKOTO
3anonHeHus [2]. Kak npasumo, nmpeanonaraercs, yTo
ormbammas W3MEHSeTCs B 3aBHCHMOCTH  OT
MIPOCTPAaHCTBEHHOMN KOOPMHATEI ropaszo
MEIJIEHHEEe, YeM BBICOKOYACTOTHOE 3aIOJHEHHME.
Onucanve 3HaYSHUI WHTEHCUBHOCTH M300pakeHUi
30 wu3Hoca PU ¢ mnomoumplo aMIuIMTyIHO-

MOJIyJINPOBAaHHBIX CHTHAJIOB CBA3aHO C T€M, YTO MpPHU
00paboTKe MaTepwaloB pE3aHHEM BO3ZHUKAIOT
MHOTOYHUCIICHHBIC BO3MYIICHUS pasHoro
MPOUCXOXKIEHUS M JUIMTEIBHOCTH [3]: MeAeHHO
MIPOTEKAIOIIHe BO3MYIIICHHUS, TaKue KaK
W3HAIIMBaHWE  0a30BBIX  JJICMCHTOB  CTaHKa;
BO3MYIIIEHUS CpEAHEN IMTEIILHOCTH, CBSI3aHHBIC,
HampuMep, C U3HAIIMBaHWEM WHCTPYMEHTa U
TEMIIEPaTyPHBIMU nehopMalusIMu; OBICTPO
MPOTEKAIONINE BO3MYIICHHS, HATpUMEp, KoJieOaHus
OTJIENBHBIX DIIEMEHTOB CTaHKA.

[IpuBeneHHbIC paccyxaeHus MO3BOJISIOT
OXapakTepu3oBaTh H300pakeHUs 30H wu3HOca PU
KaK TEeKCTypHBIEe n300paxkeHus. Ciy4aitHple OBICTPO
MPOTEKAIONMe  BO3MYIICHHWS TNpu  00paboTKe
MaTepUAIOB PE3aHUEM OTOOpAXKAIOTCS Ha JCTalu B
BUJIE IIEPOXOBATOCTEN M MENKHX BBIKPAIIMBAHUM.
N300pakeHnss 30HBI TaKOTO HW3HOCA MPEICTaBISIOT
CTaTHCTHYECKYI0 TEKCTypy. MenjeHHo mpoTeKa-
IONIMEe  BO3MYIICHUS  CHCTEMBI  pE3aHus U
BO3MYIIIEHUS CpETHEeH ITUTENFHOCTH SBISIOTCS
MPUYUHON XPYIIKOTO pa3pylieHHUs] HMHCTPYMEHTA.
N300paxeHus: 30HBI Takoro aedexra MOTYT OBITH

CMOJICIIUPOBAaHbl  KaK CIEKTpajbHAs  TEKCTypa.
Takum  00pa3oM  TEKCTYpHYIO  CErMEHTAalHUIO
M300pakeHu i 30H M3HOCa PU npu

JUAarHOCTUPOBAaHUHU CIENOB XPYIKOIO pa3pylleHUs
1eN1eco00pa3HO MPOBOAUTH KaK IO CHEKTPaIbHbBIM,
TaKk M MO CTATUCTUYECKUM TEKCTYpPHBIM IPHU3HAKAM.
B 3TOM citydae TeKCTypa OMHMCHIBACTCSI THOPUAHOM
CHEKTPaIbHO-CTATUCTUYECKON MOJEIBIO, MO3BOJIAA-
IOIIECH MPOBOAUTH CETMEHTALIUI0 U300paKEHUM 30H
n3Hoca PU no npuzHakam 00eunx rpymi.

CratucTuyeckas TEKCTypa  XapaKTepU3yeTcs
oTcyTcTBHEM HWHMoOpMamuu o ¢opMe M pa3Mmepax
HENPOM3BOAHBIX  3JEMEHTOB, TOJ  KOTOPBIMHU
MOHMMAIOTCA  CBSA3HBIE  MHOXKECTBA  ITHKCEJIEH
n300paXEHUsI C ONPEAETICHHBIMH 3HAYCHUSIMU
WHTEHCUBHOCTH. [IpocTpaHCTBEHHast OpraHu3aus
HENpPOM3BOAHBIX  DJIEMEHTOB CTaTUCTUYECKOM
TEKCTYpbl OIUCBHIBAETCS BEPOATHOCTHBIMHM 3aBUCH-
MOCTsIMH [4].

CrexTpanpHas  TEKCTypa  XapaKTepu3yeTcs
HaJIHYUEM JaCTUIHON nHpOpMaLUH 0
HETIPOU3BOJAHBIX JJIEMEHTaX, B YacCTHOCTH, 00 HX
pa3Mmepax, KoTopas WHTepIpeTupyeTcss B TepMUHAX
MPOCTPAaHCTBEHHOM 4acTOTHI [4].

B kadecTBe TIpaHUIl TEKCTYPHO-OIHOPOIHBIX
obmacTeit m300paxkeHUs IIeIeco00pa3HO HCIOMb-
30BaTh rpaHunbl obnacreil aepextoB PU, T. k. oHH
CBS3aHBl C (U3MYECKOH NPHUPOJONH HApyIICHUS
paboToCTIOCOOHOCTH MTOCJICTHETO. Torma
MaTeMaTHYECKYI0 MOJIENIb H300pasKeHHsT 30H H3HOCA
PU chopmynupyem cnemyrommm obpazom [5].

Ilycts x=1, ..., N; y=1, ..., M, -
IIPOCTPAHCTBEHHbIE KoOpauHATHL. [IpencraBum
obmacte  ompeneneHuss ) TEKCTypHOTO
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n3o0pakeHUst B BHIE ~ pa3OMeHHs  Ha
CEeMaHTHYECKH OJHOPOIHBIE obmactu €;, i=1,

n

..., k; Takue, uro Q = UQ,, Q,NQ; =, ecnm
i1

i#]. [Mpeamnonoxum, 9To 3HAYCHUSA

WHTEHCUBHOCTH i—¥H TEKCTypHOW oOmactu €);
1300pakeHus ONUCHIBAIOTCS (POpMyIIOif

1(x,p)=J{le,(x. )+ N, (x, y +

i=l1

+ Zn: A;(x,y) cos((;)jx +¢’ )cos(c)jy +o’ ))x
I=

x R(x,),(x,y)eQ,}, (1)
rne  I(x,y) — 3HaueHUs  WHTEHCHUBHOCTH
msobpaxkenust 30 wmsHoca PU, ¢, (x,y)-

npejcraBienre poHa B i-il TEKCTYpHOU obOmactu €);
usobpaxenns, 4;(x,y), ®', ¢’ —coorercTrenHO

aMIUITya, 4YacToTa HW Qasza j-ro aMIUTUTYAHO-
MOIYJMPOBAHHOTO KojebaHus B I-H TEKCTYPHOIl

obnactu, N,(x,y) — Oenblif TayCCOBCKHH IIyM C
o 2
HyJEBBIM CPEIHMM U aucmepcueit G, R(x,))

Hcnonp3oBanue
4To H3-3a

OCBELIEHHOCTh  HM300PaKEHHUSL.
R(x,y) OOyCIIOBIIEHO ~ TeM,

HEPaBHOMEPHOCTH OCBELICHHs H300paKeHHE 30H
n3Hoca PU cogepuT My IbTUIIIMKATUBHYIO IIOMEXY.

[pennonoxum, uro A, (x,y)  ssusercs
MEJICHHO HU3MEHsonencs (hyuxnmen
HOpPOCTPAHCTBEHHBIX ~ KoopauHat  (X,)) 1o
CPaBHCHHIO C TapMOHHYECKAM  3aMOJHEHHEM

Hecymed 4acToThl . MeWIeHHOe H3MEHEHHE

A;(x,y) nupn wnsmenenun (x,y) npeobpasyer

rapMOHUYECKHE KoJeOaHus 3HAYEHU M
WHTCHCUBHOCTH W300paskeHUs 30H u3HOoca PU B

aMILIUTY IHO-MOAY/IHPOBaHHbIE CHUTHAJIBI.
CocraBmsromass ~ N,(X,)),  COOTBETCTBYIOLIAs
0eoMy TraycCOBCKOMY IIyMYy C W3MEHSIOIIEHCs
JUCTIepCHEH, MIPEJCTABIAET CTaTHCTUYECKYIO

TekcTypy u300paxkenus. CHeKTpalbHas TEKCTypa
OTpaKEHA TPUCYTCTBHEM CYMMBI aAMILIHTYIHO-
MOJLYJIUPOBAHHBIX KOJIEOAHUI B ONUCAHUH (DYHKIMH
I(x,y) 3HayeHWii WHTEHCHBHOCTH H300pasKeHHs

30H nu3Hoca PU.

Ha rpanumnax TeKCTypHBIX 00JacTeil 3HAYCHUS
(hOHOBOHM COCTaBISIONIEH M300pasKeHHsI, AUCTIEPCHU
myMa, a TaKkKe AaMIUIMTYIbl MOIYJIMPOBAHHBIX
CHTHAJIOB CKauyKoOOpa3HO M3MeHstoTcs. [lpu Takoi
MOJIENT TPEACTaBICHUS TEKCTYPHOTO M300pakeHHsI

Ul TIOCTPOEHHMsI ~ CeTMEHTAlMM  HEoOXOIMMO
OTIPEICUTH TPAHUIIBI TEKCTYPHBIX 00IacTeH.

Taxum oOpa3om, B pabote BrepBble pazpaboTaHa
MaTeMaTH4ecKas MoJesib N300paKeHUH 30H M3HOCA
PU B BUJIE THOPUTHOM CIIEKTPaAJIbHO-
CTaTUCTUYECKOI MOJIENIN TEKCTYPHOTO H300pasKeHHS
C aMIUINTYIJHO-MOIYJHPOBAHHBIMH KOJICOAHUSIMU
3HAYEHUM MHTEHCUBHOCTH. JTa MOZEJb II03BOJISACT
y4ecTb TOT (pakT, YTO 3HAUYEHUS HHTEHCHUBHOCTHU
n3obpaxkeHnit 30H w3HOca PU comepxkar kak

aMIUTUTYAHO-MOJYJIMPOBaHHBIC ~CHUTHAIBI, TaK |
JIOKaJIbHBIE O0COOEHHOCTH, 00yCIOBIIEHHBIE
BO3MYIICHUSIMH CHUCTEMBI pE3aHMsl Pa3IUnIHOTO

MIPOUCXOXKIEHUS U JJIUTEIBHOCTH.

Mopguens (1) sBrisercs THOPUAHON B TOM CMBICIIE,
4TO oHa OMHCHIBAET MIPUCYTCTBUE Kak
CTaTUCTUYECKOM, TaK U CHEKTPAIBbHON TEKCTYphl Ha
n300pakeHnAx 30H wm3HOoca PHM  co cimemamm
Xpynkoro paspymenus. /lng Bepuduxamuu >TOH
MOJENN 3aMETUM, UYTO 3HAUYECHHUS HHTCHCUBHOCTH
n300pakeHnid 30H W3HOca PU comepkar TpeHH,
Oenplii  mMyM W aMIUIMTYIHO-MOAYJIHMPOBAaHHEIE
CUTHAJIBI. Tpenn OTIpe/IeNsieT (hoHOBYIO
COCTABJISIIOIIY IO M300pakeHus u
UACHTUUIPYETCS THKOM CIIEKTpa MOITHOCTH Ha
HYyJIEBOM 4acToTe. Wnentuduxanms Oemoro
rayCCOBCKOTO IIyMa Ha M300paXKCHUSAX 30H H3HOCA
PU npoBoaunack myTeM BBIACIEHUS OJHOPOJHOTO
(dparMeHTa HM300paKCHHWSI ¥ IOCTPOCHHS  €ro
criektpa MomHocTH. C  MOMOIIBI0 BU3YaJIbHOTO
aHanu3a BBISIBICHA PABHOMEPHOCTb MOCTPOEHHOTO
CIIEKTpa MOIIHOCTH, a HOPMAJIBHOCTh 3HAYCHUI
WHTEHCUBHOCTH BBIZICIICHHOTO (parmenTa
M300pakKeHUsT TOATBEPIIIIACH IIYTEM TPOBEPKU
CTATUCTHUYECKOM TUIOTE3Bl IO KPUTEPHUIO xz c
ypoBHeM 3HauuMmoctH 0,05. UToOBI TpPOBEpPUTSH,
OTJIMYAIOTCA JIM CIEKTPhl MOIIHOCTH 3HAYCHUI
WHTCHCUBHOCTH M300pakeHMi 30H u3Hoca PU ams
pasHBIX TEKCTYPHO-OQHOPOAHBIX oOnacTel, mocie
yoaseHuss (OHOBOW COCTABIISIIOIICH CTPOUITUCH
CIIEKTPBI MOIIHOCTU ()ParMEHTOB H300PAKEHUS W3
30H M3HOIIEHHOW W  HEWU3HOIIEHHOW 3aJHeu
nmoBepxHocTu PU (puc. 2, 3).

BusyanbHbplii  aHaIM3  CIEKTPOB  MOUIHOCTH
(parMeHTOB M300pa)KeHUsI U3 30H W3HOIICHHOW U
HEU3HOIIEHHON 3aHEN MIOBEPXHOCTH PU
MMOKa3bIBaeT, UYTO 3HAYCHUS HMHTCHCUBHOCTH JSTUX
(parMeHTOB CHIBHO OTJIMYAIOTCS MO aMILTUTY/IC
CIIEKTPaJbHBIX COCTABISIIONINX, U HE3HAYUTEIBHO —
10 CHEKTPAIILHOMY COCTaBY.

[Tocnennee o3HayaeT, YTO pa3HBIE TEKCTYPHO-
OJTHOPOJIHBIC 00JacTh W300paKCHUS OTIUYAIOTCS
TaKKe JUCIEpPCUEl 3HAYEHUH HHTEHCHUBHOCTH,
KoTOpas Uil (ParMeHTOB H300paXKCHHUsI M3 30H
W3HOILIEHHOU 51 HEU3HOLIEHHON 3agHeN
noBepxHocTd PU cocraBuna coorBercTBeHHo 0,0181

0,0303 u 0,0010 0,0026. T. e. 3HaueHHS
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JIMCTIEPCHH  MHTEHCHBHOCTH Pa3HBIX (parMeHTOB
n300pakeHud 30H u3Hoca PU  ornuuarorcs Ha
mopsiiok.  CrieqioBaTenbHO, OIS U300paKeHU# 30H
uzHoca PU co crmemamu XpymKOTo pa3pyIlieHHs
OTpakaer

mozens (1) amexBaTHO

n3zobpaxeHue.

peanbHoe

B E
Puc. 2 — U300pa:xenue 30ub1 u3Hoca PU (a) u ero

(parMeHT U3 30HbI HEM3HOIIEHHOI (0) ¥ N3HOLIECHHOMH
(B) 3agHell NOBEPXHOCTH

a §)

Puc. 3 — CiekTp MOIIIHOCTH (pparMeHTa
u300pakeHus1 ¢ puc. 2, 6 (a) u ¢ puc. 2, B (0)

Bepudukamms wmomenm (1) mokaszama, dTO
n3o0pakeHue 30H u3Hoca PU co crenamm xpymkoro
paspyIieHus COOTBETCTBYET MOeNn
CTaTUCTUYECKOM  TEKCTypel B  OMNpEACICHHOU

oOxactu dvacTtoTHOro crektpa. [Ipu cermenranuu
CHEeKTPaJbHONH TEKCTYyphl AETEKTOPHBIM METOAOM

TaK NIn nHa4ye BBITIIOJTHACTCSA HYaCTOTHOC
ACTCKTUPOBAHUEC — npeo6pa3OBaHHe HN3MCHCHUA
qaCTOTHOro cocCTaBa (bparMeHTa TCKCTYpbl B
HU3MCHCHUC 3HAYCHHUH MHTCHCUBHOCTH
I/I306pa)K€HI/I$I. I[J'DI CETMCHTAlIMKU CTAaTUCTHYCCKUX
TCKCTYp HCIIOJIB3YCTCA AMIIJIUTYJHOC

JIETEKTUPOBAHUE: U3MEHEHUE CTAaTUCTUK CIy4dailHOM
COCTaBIsIIOIIEH  mpeoOpaszyercss B H3MEHEHHE
3HAYeHWH WHTEHCHBHOCTH M300pakeHUs. B ciyuae
00paboTkn m300pakeHWid 30H m3HOca PU  co
clenaMd XPYIKOTO pa3pylIeHHs Kak MpHU3HAaK
CETMEHTAIIUU Hac HWHTEpEeCYeT  JUCHEepCUs

ciy4JaitHOM COCTAaBIISIONICH 3HAYEHU N
WHTEHCHBHOCTH (3TO TOATBEpAMJIa TpoIexypa
Bepudukanuu mozaenu). [lpucyrcTBue  cymmbl

AMIUIUTY JHO-MOAYJIUPOBAHHBIX CUT'HAJIOB MMPUBOAUT

K  HEOOXOAMMOCTH  TPOBOJUTH  IOJIOCOBYIO
(unbTpanmo 3HAYCHHUI WHTCHCUBHOCTH
n3o6pakeHns. C TOMOIIBIO TOJIOCOBOTO (DUIBTpa
BBIACIIACTCS HanOosee nHpopMaTHBHAS
CIEKTpajbHas COCTaBJISIONIAS 3HAYCHUM
WHTCHCUBHOCTH  W300pakKeHWs, 3aTeM BHYTpPHU
BBIJICJIEHHOM  YacCTOTHOM  MOJIOCBI  TEKCTypa
CUMTAETCS  CTATUCTHYECKOW.  DTOT  MOAXOJ
MPEJCTaBIACT COOOW  KOMIIO3UIIUID  METOJOB

CEerMEHTAIlMM CHEKTPaJbHOW ¥ CTAaTHCTUYECKOU
TEeKCTYphl, T. K. Ha M300paKEHUH MBI OCTABIIIEM
oIHy HaunOoJee HHPOPMATUBHYIO COCTABISIONIYIO, a
ocTajbHBIE — OTOpachiBaeM. 10, 4YTO IOIIOCOBas
¢dbuapTpanms mpeodpasyeT n300pakeHHe 30H H3HOCA
P1 co cnemamMm XpynKOro paspylieHUss B
CTaTUCTUYECKYIO TEKCTYpY MOJTBEPKAACTCS
KOMIIBIOTEPHBIM ~ 3KCIIEPUMEHTOM. B  wacToTHOM
obmacT Takas TEKCTypa o0O0JIaJaeT TIOJI0COBBIM
CHEKTpOM, a B TPOCTPAHCTBEHHOH oOmacTu
HAIIOMUHAET CIy4aifHoe ImoJie.

T. o. momocoBass QuibTparus TpHOIIHKACT
TEeKCTypHOE H300pakeHne 30H wu3Hoca PU co
clemaMu XpYIKOTO pa3pylIeHds K H300paskeHUIo
CTaTHCTUYECKOW TEKCTypBI, [UISI CEeTMEHTalWu
KOTOpPO# 11e71eco00pa3Ho MPUMEHSTh aMIUTUTYIHOE
JIETEKTUPOBAHUE.

2. PABPABOTKA AMIMNIATYAOHO-
AETEKTOPHOIO METOOA
TEKCTYPHOW CETMEHTALIUU
W30BPAXXEHMWA 30H U3HOCA
PEXYLWLUNX UHCTPYMEHTOB

[Mpn ananm3e TEKCTYPHBIX H300paKEHHUN 30H
n3Hoca PW rpaHuUnBl TEKCTYpHO OJHOPOIHBIX
obOjacTeii  IO3BOJIAIOT  JIOKAJIM30BaTh  TPAHUIIBI
neQeKToB, Hecymux Hauboliee CYIIECTBEHHYIO
uHpopmaruio uis auarHoctupoBanus PU. Torma
ISl TPUHATHS AUArHOCTUYECKOTO pELIEHUs O
XPYIIKOM Xapaxrepe pa3pyLICHUS P
MPENU3HOHHON 00pabOTKH HEOOXOIMMO BBIJCIUTH
TPaHUIBI OAHOPOIHBIX TEKCTYPHBIX oOnactell Ha
n300pakeHnn 30H u3Hoca PU. Jlnsa pemrenus 3Toit
33241 HE0OXOANM METO]I TEKCTYPHOM CerMeHTaluu
M300paXeHWH € BBICOKOW  OMEPaTUBHOCTHIO,
BBICOKOM TOMEXOYCTOMYHMBOCTBIO M JIOCTATOYHO
HU3KOU NMOrPEeIIHOCTHIO.

TpeboBaHue BBICOKOW ONMEPAaTHBHOCTH METOJa
BBI3BAHO TEM, YTO BpeMs AuarHocTupoBanus PU,
MpeBBIIAoNee  BpeMs  oOpabOTKHM  JeTanw,
MPUBOJIUT K 3HAUUTEIHHBIM MPOCTOSIM
o0opy/MoBaHUS ¥ TOTEepsSM KadecTBa OOpaOOTKH.
CerMeHTanuss W300pakeHWd 30H w3HOca PU
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SBIIIETCS 0a30BOM TMPOIETypOH, OMIpEeIeIoNIei
MIPOU3BOAUTEIHHOCTD CUCTEMBI BH3YaJIbHOTO
KOHTpoJIs U auarHoctuposBanus PU. IToatomy Bpems
paboTHI ATOH MPOIEYPHI JOIKHO OBIT, TIO KpaitHen
Mepe, CPaBHUMO CO BpeMEHeM OOpabOTKH JeTaiH
(manpumep, BTyJIKa 00pabaTeiBaeTCa 2 MUH, BaJlK —
10 muH). JlnutensHOE BpeMs IUArHOCTHPOBAHUS
IPUBOAUT K  OTCYICTBUIO  HAOJIOAaeMOCTH
coctosinug PU.

MeTo TEeKCTYpHOH CerMEHTaluu W300pakeHui
30H wu3Hoca PH jgomxkeH xapakTepu3oBaTbCs
BBICOKOM  INOMEXOYCTOWYMBOCTBK),  TaK  KakK
OTHOUICHWE CUTHAI/IIYM A TaKuX H300paskeHHi
cocrtaBiisieT 17 — 30 mo MOIIHOCTH.

TTorpeniHocTh MeTOJa TEKCTYPHOU CEerMEeHTaIluU
n300pakeHu 30H u3HOca PU momkHa cocTaBiaTh
0,005 — 0,007mMm (5-7% oT nMHEHHOro pa3Mepa
30HBl OCHOBHOTO M3HOCA, HE IPEBBIIIAIOIIETO
0,1mm). Ilpu pasmepe uzoOpaxkenus 960 x 1280
nukcenen 3to cocrasister 30 — 50 mukcenei.

CymecTByloT 2 TIpynmel METOAOB, KOTOpBIE
NPUMEHSIOTCS ISl  CETMEHTAllMM  TEeKCTYPHBIX
nzobpaxennii. Meronsl mepBod rpymmel 6]
(IeTeKTOpHBIE)  OCYIUECTBISIIOT —~ MEPEXoh  OT

3HAYEHWH NpPHU3HAKA CETMEHTAIlMH K 3HAYCHUSIM
UHTEHCHBHOCTH  W300paKEHUS ¥  BKIIOYAIOT
MIPOLEAYPHl OIEHKH MpH3HAKa CErMEHTAIlMH WIH
BEIMYMHBL, (PYHKIMOHAIBHO CBA3AHHOH C JTHM
NPU3HAKOM; CUTHAITBHO-CEMaHTUYeCKOTO
npeoOpa3oBaHMs, MOJYEPKHUBAIOLIETO  TPAaHHIEI
MEXIy OJHOPOIHBIMH OOJIACTIMH W300paKeHUs;
MOporoBol W Mopdoyiornueckoir  006paboTKu
MOTEHIHANBHBIX TPAHUL OTHOPOAHBIX TEKCTYPHBIX
obmacreii. CormacHO BTOpPOW TpYIE METOIIOB
TEKCTYpHOM  CerMEHTAIuu  m300paxeHuit  [7]
NPOM3BOAMTCS OICHKA TIPU3HAKa CETMEHTAIVH,
KJIACCU(UKAIMsI BEKTOPOB TMPH3HAKA, BHIIEICHUC

IPAaHUYHBIX TOYEK OJHOPOAHBIX O0OJacTeld u
00paboTKa rpaHuIl.

OnepaTBHOCTH  BTOPOW  TPYIIBI  METOJOB
TEKCTYPHOM CerMeHTaIu| U300paKeHU

HEOOCTATOYHO JIA TIPUHATHA JTUArHOCTHYCCKOI'O

pemienust o coctosinuu PU. K Tomy ke 3Tu MeToibl
MIPH MaJIbIX OTHOIICHUSX CUTHA/IIYM H300pakeHUI
XapaKTEePU3yITCS HU3KOW MOMEXOYCTOWYMBOCTBIO U
BBICOKOH morpemrHocThio. [loatomy s pemreHus
3a/1a4d TEKCTYPHOU CETMEHTAIINU N300paKeHUM 30H
uzHoca PU ucnonb3yem eTeKTOpPHBIE METOIBI.

B [5] paspaboram  MeTom = TEKCTYpHOM
CerMeHTaIuy N300pakeHni Ha ocHOBe Mozenu (1) ¢
MPUMEHECHUEM  aMIUTUTYIHOTO  JCTCKTUPOBAHUS
(puc. 4).

Ha ©0a3ze amImumTyIHO-IETEKTOPHOTO MeETola B
JaHHOM pa0boTe mpemyiokeH MeTOoJ] TEeKCTYpPHOH
CerMeHTallK n300paxeHnuii 308 u3Hoca PU (puc. 5).
DTOT METOA MPOBOJIUT CETMEHTAIMIO W300pakeHus
MyTeM OOHapyXeHWS W3MEHEHHH  aMILTUTYIbI
KBa3UTapPMOHUYECKHX  COCTABIIIONIUX  3HAYCHUUN
WHTEHCUBHOCTH W300pakeHHs. BbIcokodacToTHAs
bunpTpanms n3o0paxkeHus 30H u3Hoca PU ynamser
TpEeHAOBYIO0 cocTaBisomyo momenu (1). Yacrora
cpe3a (QuibTpa BEPXHUX YaCTOT OIPEIENSIeTCs
YaCTOTHBIMHU XapaKTepPUCTUKAMHU TpeHna.
[Tocnenyrolee ABYMOIyIEpHOTHOE BBIIPSIMIIEHHE U
HU3KOYACTOTHAsE (DMIIBTPAIIHS MO3BOJISIOT BBIICIUTh
KBa3UTapMOHUYECKHe cocTaBisgomue moxenu (1)
MyTeM OCNabJIeHHs] BIHMAHHS TayCCOBCKOTO ITyMa.
[Ipu BeIAENeHNH OrMOArOIICH KBa3UTAPMOHUYIECKOM
COCTaBJIAIONIEH C  TOMOIMIBIO  AMIDIUTYIHOTO
JNETEKTHPOBAHMUS YacTOTa Cpe3a HHU3KOYACTOTHOTO
GunbTpa ONpENCNAeTCS CIEKTPAILHBIM COCTABOM
n300pakeHus, B YaCTHOCTHU 4acTOTaMu
KBa3UTapMOHUK, U HACTPaWBaeTCs B COOTBETCTBUU C
€caMO# HU3KOYaCTOTHOM KBa3UTapMOHUKOM.

Peanuzanmss  sTamoB  meroma  C
BEITIOJTHSIETCS CIEIYFOIUM 00pa3oM.

T. x. B pe3ynpraTte HEPAaBHOMEPHOTO OCBEIIEHUS
nzobpakeHne 30H u3Hoca PU  comepxur
MYJIbTUIUINKATHBHY IO MTOMEXY, MIPOBOUTCS
roMoMopdHas (GUIBTpaAnus U300paKeHUs, KOTopas
BKJIFOYAET JIOTapu(MUPOBAHHE, BBHICOKOYACTOTHYIO
(UIBTpAIKIO U TOTESHIIUPOBAHHE.

puc. 5

AMITIMTYAROE JeTeETHPOEAHE

[ 1

i 1

i 1

i 1

Beog [Momocopas ! ) A OTIOIT YT L0 /8 O :
Hr0bp oK I 300 d deIBTHAITLA i EBIOTQANIIE HEE -
mrHoca PH : :

L )

I i

: . |

Brmog perymeTaTa - '
TEECTYRHOH — Erigeneiie KOHTYROE o HimxouacT orHax '
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i i

i 1

i 1

i 1

Puc. 4 — ®ynkuuoHaIbHAS CXeMAa aMILUIUTYIHO-I1€TeKTOPHOI'0 METO/Ia TEKCTYPHOIl cerMeHTANI
U300paKeHUs1
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Puc. 5 — ®yHknuoHaIbHasi CXeMa AMILUTUTY/THO-I€TEKTOPHOI0 METO/Ia TEKCTYPHOIi CerMeHTaluu
u300paxenmii 301 usnoca PU

Hanee mpoBoguTcs JIOKaNM3alMa —3HAYCHUI
WHTEHCUBHOCTH KaXIIOW CTPOKH HM300pa’keHUS 30H
uzHoca PM B oOnacTu mpOCTpaHCTBEHHBIX YaCTOT.
Hdns 5TOro 3HAueHHs WHTEHCHBHOCTH Ka)KIOMH
CTPOKM  M300paXeHHs  pacCMaTpPUBAIOTCS  Kak
peanu3anus Ccly4ailHOTO Ipolecca, U3 KOTOpOM
yaanseTcs TPeHA, allpPOKCUMHUPYEMBIH TOJTMHOMOM
5-ro  mopsgka. OTa  mpoueaypa  peanusyer
BBICOKOYACTOTHYIO ¢bunpTpanuo 3HA4YEHUH
WHTEHCHBHOCTH KKJOH CTPOKU M300pakeHHsI.

BeimonusieTcs aMIIUTyAHOE JETEKTHPOBAaHHUE
3HAUEHUH  MHTEHCHUBHOCTH  KaXJOH  CTPOKHU
n3o0pakeHuss 30H u3Hoca PU. Dta mporemypa
BKJIIOUYAET JIBYNOJIYNEPUOAHOE BBINpsIMIIEHUE [2] U
HU3KOYACTOTHYIO (DMIBTpAllMI0 C YacTOTOH cpesa
1,5915 pap/m. Beicokuii ypoBeHb IIOMEX Ha
n3obpaxenuu 30H u3Hoca PU co crenamu xpynkoro
paspylleHHus He MO3BOJIET Ka4eCTBEHHO BBHIICIUTD
IpaHMIly 30HBI U3HOCA I JUarHOCTHpoBaHUs. [Ipu
TaKOM YPOBHE€ TIIOMEX CTaHAAPTHBIM IIOAXOAOM
SIBIISIETCS nepexoxn K OMHApU30BaAHHOMY
M300pKECHAIO € TOCIEeRYIONeH MOPQOIOTHIECKOM
00pabOTKOH ¥ BBIJICIEHHEM KOHTYPOB Ae(deKTa.

IIpoBoautcs OuHapu3aIus M300pakeHus,
[OJIy9eHHOTO B pe3ylbTare  aMILTUTYJHOTO
nerektupoanus.  I[lopor it OuHapu3auu
BBIOMpaeTCs ~ MyTeM  aHaiu3a  TUCTOIPaMMBbI
n3o0pakenus. Ucnomwp3yercs weronm wox  [8],

MPEoNaralonuid, 4YT0 H300pakeHHE COMCPIKHUT
HU3BECTHOC YHMCJIO OAHOPOAHBLIX IO MHTCHCHUBHOCTHU

KJIaCCOB TOYEK, TO €CTh KJIAcCOB TaKUX TOYEK,
pacipeniefieHdss  BEPOATHOCTH  MHTEHCHBHOCTEH
KOTOPBIX yHHMoOJaNnbHBI. Kpome Toro, cumraercs,
YTO TPaHWYHBIE YYAaCTKH MEXIY TEKCTYPHO-
OJTHOPOAHBIMHU 00JACTSIMM 3aHUMAIOT CPaBHUTEJIBHO
HEeOOIBIITYI0 TUIOMIA b M300pakKeHHU . Ha
THCTOTPaMME MM COOTBETCTBYIOT MEXMOJIOBEIC
BIAJWHBI, B MIPEAENax KOTOPHIX YCTaHABIMBAIOTCS
IOpPOTM  cerMeHTranuu. B Hamem  cioydae
rucrorpamMmma u3zoOpaxenuss 30H u3Hoca PU
COIOCP)KUT JBE MOJBI, COOTBETCTBYIOLIME 30HE
W3HOIIEHHOW  3aJlHe  TMOBEPXHOCTM W  30HE
HEU3HOIIEHHOHN 3aJHeil moBepxHOocTH. [lo Bmanune
MEXKIY MOAaMH YCTAaHABIMBACTCS IOPOT  JUIS
OMHapHU3aIIH.

Brmmonnsiercss  Mopdonoruyeckas — 00paboTKa
MOJTYYEHHOTO OMHAapH30BaHHOTO H300pakeHUs [9].
Oto u3obpaxkeHue (puc. 6, a) COOEPKUT pPa3phIBBI
mupuHoit 90-100 nuxcenedt u jumHOM S50-100
MUKCENe,  MO3ITOMY  TpeXJe  BCEro  €ro
Mophomornieckas obOpaboTtka BKJIFOUAET
3amoJIHeHUE JbIp. JpIpoil Ha3bIBaeTCS MHOXKECTBO
(OHOBBIX THKCeJel, KOTOPBIX HeNb3sl JOCTUTHYTH
MyTeM 3amoyiHeHus (OHa HauuHasg OT TPaHHIEI
obObekra [9].

[locne 3amonHeHuss Aplp OMHAPU3OBAHHOTO
n300paXeHUsT HEoOXOOMMO YIalUTh HECYIIeCT-
BEHHbIE II0 pa3MepaM JAeTaiu, Halpumep, OOBeKT,
COOTBETCTBYIOINK  (hacouke HemepeTadunBaeMOi
TBEPJOCIUIABHOH TUTACTUHKH B IPABOM BEpPXHEM
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yriry m3o0pakeHus ¢ puc. 6, a. C dTOH IENbIO K
U300paXCHUIO TPUMEHSIIACH OINEpalusl dPO3UH MO
MPUMHUTUBY MEHBIINX pPa3MEpPOB, YeM OOBEKTHI,
KOTOpBIE MBI KellaeM COXpaHuTh. Hampumep,
UCTIOJIB30BAJICS IPUMHUTHB B JOpMe Kpyra painycom
12 nukceneit.

Ilocne mpumeHeHHs SpO3WK JUIS  CTIIKUBAHUS
BBICTYTAOIINX YYaCTKOB TEKCTYPHOW OOJIACTH 30HBI
u3Hoca PU npumensiace Mopoorudeckas oneparys
3aMBIKaHHS C IPUMHTHBOM B (hOpME Kpyra pajnycoM
15 mnukceneil. Pa3mblkaHuWe CIIIQXUBAeT TPAHULIBI
o0JiacTé, 0OpbIBaeT y3Kue Mepereiiku U TUKBUANPYET
BBICTYTIBI HEOOJBIION MHUPUHEI (pHC. 6, 0).

WzobpakeHre, TONyYeHHOE B pe3yibTaTe
pa3MBIKaHMS, COICPKHT KpoMe obmactu aedekra
MeJIKUEe OeNble TSATHA, HE HECYIIUE CYIIECTBEHHOW
vHpopMamu s auarHoctupoBanus PU.  Jlmsa
YIAIEHNSI STUX MEJNKHX TSTEH HCIONB30BAICS METO.
(1)I/IJ]praHI/II/I CJIMTHBIX TPYIIIl WX CEIrMEHTAlUU 110
MIPU3HAKY paBHOIA WHTEHCUBHOCTHU 9],
3aKITIOYAOIIMIiCS B cliedytomeM. Ha w3o0OpaxkeHnn
BBIICISIIOTCS.  8-CBs3HBIC  Oenmpie  o0nacth U
pacCUMTHIBACTCS TUIOMIAAb KAXKIOW U3 ATUX 00JIacTel.
Ecmun mmomanpe oOnmacTyt TpeBBIMIA€T  HEKOTOPBIN
ropor (B HamreM ciaydae — 5000 mmkceneit), obmacTh
3aJIMBACTCA YCPHBIM IIBETOM. HpeI/IMYHIeCTBO METoaa
(bupTpanyl CIUTHBIX TPYMIT B TOM, YTO TPH €rO
WCTIONTF30BaHUN M300payKeHNE HE FICKAKAETCS KaK TPH
MEIMAHHOW ~(QWIBTpAlMK WIA Kak B Ipolecce

MpUMEHEHHsT MOP(OJIOTHUECKUX OTIEpaLIUid.

a §)

Puc. 6 — BunapuzoBanHoe n3o0pakenue,
NMOJIy4eHHOe B pe3yJibTaTe NOPOroBoii 00padoTku
H300paxeHus NMOCJe AMIVIMTYAHOTO 1eTeKTHPOBAHUS
(a), pe3yJbTAaT NPUMEHEHHS ONEePAlMH Pa3MbIKAHUSA K
u300paxKeHHIO ¢ puUc. 6, a (0)

a

Puc. 7 — Pe3yJbTaT TeKCTYPHOI cCerMeHTalluH
u300paxkenus c puc. 8, a Ha 6a3e aMILUINTYIHOTO
JeTEeKTUPOBAHMSA /10 BbIIeJIeHUsI KOHTYPOB (), mocJje
BbljleJIEHUsI KOHTYPOB (0).

[Tocte wmopdomornueckoir  00pabOTKU  IJIA
BbIIEJICHHd  KOHTYpOB  OOBEKTOB  OMHApHOIO
n300pakeHus:  ucnoib3oBaics — Meron — KaxHw.
KoHTyprl Ha OGMHAPHOM H300paKEHUH ONPEACISIOT
TpaHUIBl  OJHOPOJHBIX TEKCTYpHBIX oOjacTeit

n300pakeHus 30H u3Hoca PU.

3. AHAJIU3 PE3YJIbTATOB U BbIBOAbl

B xome »JKCHepUMEHTaNbHBIX HCCICAOBAHUN
MPEUI0KEHHOTO aMILTUTYIHO-IETEKTOPHOTO METOo/1a
TEKCTypHOW cerMeHTauuu ObuIo obpaboTtano 86
n3o0pakeHni 30 m3Hoca PU.  [lmamazon
W3MEHEHHUS OTHOUICHHWS CHTHAI/IIYM IS JTHX
n300pakeHni cocTaBui 19 — 27 1O MOIIHOCTH.
PaccmarpuBaeMbie n300pakeHusI ObUTA TOI00paHbI
T. 0., 4YTOOBl Je(DEeKT WHCTPYMEHTa HAXOJIWICA B
(doxyce, M300paKEHHUSI MOTJIA COJCPYKATh MEIKHE
HECYIIECTBEHHBIE JI€TAIN U pa3MbIThie Kpasd. Pazmep
nzobpaxennt — 960x1280 mnukceneil, Bpems
o0pabotku Ha kommbtotepe Intel (R) Celeron (TM)
CRU 1000MHz 128 O3V cocrasuio 55,8 ¢. B atux
YCJIOBHSIX BBIYMCISIACH MOTPEIIHOCTD OMpPEAeTICHUs
rpaHunpl  obmactu  jgedexra, TONydYeHHOH B
pe3ibpTaTe CerMEHTAINH TPEIOKEHHBIM METOJIOM,
M0 CPaBHEHUIO C 00JacThIO AedexTa, 0003HAUECHHOM
IKCIEPTOM Ha n300pakeHuu 30H u3Hoca PU. Takas
MOTPEIHOCTh cocTaBuia 27 — 40 nukcenew, T. €. 4,8
— 7,2 % ot numHeiHOTO pasmepa nedekra. T. o.
pe3yabTaTel 00paboTku M300paKeHWH 30H H3HOCA
PU cornacHo 3KCIepUMEHTAIBHBIM HCCIIEIOBAHUSIM
YAOBJIETBOPSIIOT TPEOOBAaHUSAM CHUCTEM BH3yaJbHOTO
KOHTPOJISL U AMarHoctuku PU.

ArnmaparHass QyHKIWS HCIIONB3YeMOW Ha JTare
dKcIIepuMeHTa IU(POBOH  (GoTOKaMepbl BHOCHT
JUHEHHBIE  UCK&KEHHs B CPOPMUPOBAHHOE
n3o0pakeHuil 30H m3Hoca PU, a HepaBHOMEpHOE
€CTECTBEHHOE OCBeIllEHUE oTpakaeTcs  Ha
KoMIOHeHTe  QoHa  un300paxkeHus.  Bzammuoe
pacronoXeHHe OCBEUIeHMs, pe3la U  Kamep
(UKCUPOBAaHO W  OMNpENeNseTCs  KOHTPOIBHOU
MO3UIMEeH CTaHKAa B  MOMEHT  IIpepBIBaHUS
00paboTKH. IIpu AKCILTy aTaIiu CHUCTEMBI
BU3yaJIbHOTO KOHTpOJds ©  auarHoctuku PU
TUTAHUPYETCSl  WCHOJB30BaTh  IMIHMPOKO(OKYCHYIO
UPpPOBYIO (HOTOKaMEpy, HEe BHOCSILYIO OTMCAHHBIC
HCKQKCHUS, a TaKxe OCBETHUTEIIbHYIO
(OKYCHPYIOLIYI0O YCTaHOBKY, 00€CIeurBalOIyIO
paBHOMepHOe ocBemeHne. OmgHako Jgaxe B
YCIIOBUSIX SKCIIEpUMEHTA pa3paboTaHHBIH
aMIUTATYTHO-JIETEKTOPHBI ~ METOJ]  TEKCTYpHOU
CerMeHTaMyM W300pakeHnit 30H u3HOca PU co
clegaMH  XpYNKOTO —pa3pylieHus obecrednBaer
KaueCTBCHHOE BBIICICHHE TpaHuil jaedekra B
OTIIMYHE OT METOJOB KOHTYPHOW CETrMEHTalluu
TaKuX M300pakeHu i [1], JIOITY CKarOLIUX
MepecerMeHTalfio. 3aMeTHM, 4YTO B pe3yJbTaTe
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MIOJIOCOBOW  (MIBTPAIU  yTPAadyMBaeTCA  YacTh
MOJIC3HOM IS cerMeHTanuu uHpopmarmu. [Toaromy
HalpaBjCHUEM JANbHEUIINX HCCICIOBAHUUA MOXKET
OBITh CerMeHTaNus U300paxeHnii 304 nznoca PU mo
HECKOJBKHUM TPU3HAKAM.

4. CMMNCOK JINTEPATYPbI

[1] O.I'. deper’ssmuenko, C.I'. Antomyk, O.FO. ba-
Oinynra, A.B.IlonnaBcbkuii. AHami3 3HOCY B
cucTeMax JIIarHOCTYBaHHS CTaHIB
iHCTpyMeHTiB 3 Bukopuctanusam CT3. [lpayi §-

0l 6ceykpaincoKol MINCHAPOOHOI KOHGpepenyil

“Obpobxa  cuewanie  ma  pO3NI3HABAHHS
oopasie” (YKPOBPA3’2006), Kuis, Ykpaina,
28-31 cepmas 2006, c. 103-105.

[2] W.C.Tonoposckuii. Paduomexnuueckue yenu u
cuenanvl. Mocksa, 1986. 512 c.

[3] M.M. Apmanckuii, B.II. Illlep6akoB. Bubpo-
ouasHocmuka U ynpasjieHue  MOYHOCMbIO
00pabomKu Ha MemaiiopeIcyuux CmaHKax.
Mocksa, 1988. 136 c.

[4] P.Xapamuk. CTaTUCTHUECKUH M CTPYKTYpPHBIH
MOJXOJbI K OTMHCAaHUIO TeKCTyp. THHUIOP 67(5)
(1979). c. 98-120.

[5] B.H. Kpsumos, M.B. [lomsixosa, H.II. Bonkoga.
MeTo TEKCTYpHOH CerMeHTaluu H300paxe-
HUH C  TpUMEHEHWEeM  JIeTeKTHPOBAHMS.
Becmuux XHTY (2006). c. 226-270.

[6] D.Dunn, W.E.Higgins, J. Wakeley. Texture
segmentation using 2D Gabor elementary
function. IEEE Trans. on PAMI 16(2) (1994).
p- 130-149.

[7] B.B. Chandhuri, N. Sarkar. Texture segmen-
tation using fractal dimension. I[EEE Trans. on
PAMI 17(1) (1995). p. 72-77.

[8] ILA.Bakyr, I'.C.Koamoropos, H.O.Bopho-
Buniknid. CerMeHTanus M300paKEHUI: METOIBI
MOPOTOBOM 00paboTKH. 3apybexcnas
paouosaexkmponuxa, 10 (1987). c. 6-24.

[9] P.Toncanec, P. Bync. Lugpposas obpabomxa
uzobpasicenuti. Mocksa, 2005. 1072 c.

MapuHa lNonsikosa -
cneyuanucm (1994), npuknad-
Hass mamemamuka, Odecckul
eocydapcmeeHHbIl yHugep-
cumem, K.M.H. (2004),
asmomMamu3upo8aHHble  CUC-
membi yrnpasneHus u
npozpeccusHble UHghopmMa-
UUOHHbIe mexHosio2uu, 0ouyeHm
kaghedpbi “lNMpuknadHas
Mamemamuka u UHghopMayuoH-
Hble mexHonoauu 8 busHece” (2006), Odecckul
HayuoHasbHbIU NMonumMexHUYecKul yHusepcumem.

HayuHbie UHmMepechl: geligriem-aHarnus,
gpakmarnel, meopusi  0606WeHHbIX  byHKYUU,
QYHKUUOHarbHbIU aHanu3.

Bukmop Kpbinoe -
crnieyuanucm (1978),
paduomexHuka, Odecckul ronu-
mexHu4eckul uHcmumym,
K.M.H. (1986), paduo-
mexHu4Yeckue U mesesu3uoH-
Hble cucmeMbl U ycmpolicmea,
0.m.H.  (2003), @ asmomamu-
3upoeaHHbie cucmemsl
yrnpaeneHusi U npoepeccueHble

mexHornoauu, npogheccop
Kaghedpsbl “lMpuknadHas Mamemamuka u
UHGbOpMayUOHHbIe mexHonoauu 8 busHece” (2005),
Odecckuli HayuUOoHasbHbIl rnosiumexHu4Yeckul
yHusepcumem.

HayyHble  uHmepecsi: yughposasi
u3obpaxxeHuli, pacrno3HasaHue obpa3os.

7

%
UH(OpMaYUOHHbIEe

obpabomka

Hamanbs Bonkoea -
crneyuanucm (1992), mexaHuka,

Odecckuli  2ocydapcmeeHHbIl
yHuUgepcumem, cmapuwudi
npenodasamerib Kaghbedpnbl

“lNpuknadHasi Mamemamuka U
UHGhOPMAUUOHHbIE MEXHOI02UU
Py O\ 8 busHece” (2004), Odecckuli
A\ 4. HayuUOHasbHbIl nosumexHu-
r “\J \ '3 yeckull yHugepcumem.
Hay4Hble uHmepecsl: yug-
posasi obpabomka u30bpaxeHul, pacro3HagaHue
obpasos.

29



Marina Polyakova, Victor Krylov, Natalia Volkova / Computing, 2009, Vol. 8, Issue 3, 30-31

] computing@computingonline.net
J www.computingonline.net

ISSN 1727-6209
International Journal of Computing

TEXTURE SEGMENTATION OF IMAGES OF WEAR ZONES OF CUTTING
TOOLS BY AMPLITUDE RECTIFYING METHOD

Marina Polyakova, Victor Krylov, Natalia Volkova

Odessa National Polytechnic University,
Prospect Shevchenko, 1, Odessa, 65044, Ukraine,
marina_polyakova@rambler.ru

Abstract: The amplitude rectifying method of the texture segmentation of the image of wear zone of cutting tools with
tracks of the fragile destruction is developed. The mathematical model of the image of wear zone of cutting tools with
tracks of the fragile destruction as a spectral-statistical model of the texture image with the amplitude modulation of

intensity is proposed.
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The sudden break down of cutting tools (CT)
results in the considerable outages of equipment and
losses of the quality of the precision treatment of
details. The forced changing of instrument causes a
rise in the prices of production. It is therefore
necessary to conduct the control and diagnostic of
CT in the process of the treatment, that reduces a
production cost. The perspective direction of the
control and diagnostic of CT are methods realized
by the image processing. As a result of work of
television video sensor the images of wear zone of
CT are got. One of the images is resulted on a fig. 1.

Fig. 1 — Image of wear zone of CT

The defect of CT with a fig. 1 is a crack of the
cutting part. The sharp verges of this defect are
caused with the fragile character of destruction
beginning of which is cracks. Existent methods for
visual control and diagnostic of CT do not provide
necessary probability of the correct diagnostic. It is
related to the specific of the generation of wear zone
images of CT with tracks of the fragile destruction,
consisting in that the corresponding image is a
texture. A noise level on such image is high, that is a
reason of the image oversegmentation if the methods

[1] used at the last time are applied. They result in a
lot of false bounds of segments. Therefore the aim of
the paper is development of the method of the
texture segmentation of images of wear zone of CT
with tracks of the fragile destruction for the increase
of the noise stability of segmentation. For
achievement of the put purpose the mathematical
model of image of wear zone of CT with tracks of
the fragile destruction is elaborated.

The image of wear zone of CT can be described
as texture image. Random quickly flowing processes
at the treatment of materials by cutting are
represented on a detail as roughnesses and shallow
cracking. Such wear zone images are presented by a
statistical texture. Slowly flowing processes in the
system of cutting and processes of the middle
duration are a reason of the fragile destruction of the
instrument. The images of zone of such defect can
be modeled as a spectral texture. Thus the
segmentation of images of wear zone of CT at
diagnostic of tracks of the fragile destruction is
expedient to process both on spectral and statistical
texture features. In this case a texture is described by
a hybrid spectral-statistical model, allowing to
segment of images of wear zone of CT on the
features of both types. The mathematical model of
image of wear zone of CT is formulated as follows.
Let x=1, ..., N; y=1, ..., M, are spatial coordinates.
We will present the values of intensity of the line of
the texture image as partition on sequence non-
overlapping segments
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where ¢;(x,,) is a background on the segment i of

the line m of the image, 4,(x, V)0, o

accordingly the amplitude, frequency and phase of the
amplitude modulated component j on the segment i of

the line m of the image, N,(x,y, ) is white Gaussian

. . 2 .
noise with the zero mean and the G, variance,

1
q=(qy»>--q,,,) 1s a vector of bounds of texture

regions of the line m of the image, thus g¢=1,
qr+1=N+1, where N is a number of pixels in the image
line.

Suppose that A4, (x,y,) is the slowly changing
function of spatial coordinate x as compared to the
harmonic of frequency w; Therefore the intensity

values of image of wear zone of CT is represented
with a sum of the amplitude modulated signals which
is modelling a spectral texture. A white Gaussian
noise with changing variance corresponds to a
statistical texture of image.

On the bound of texture regions the intensity of
the image background, a variance of noise, and
amplitudes of the modulated signals can jumped. At
the analysis of the image of wear zone of CT the
bound of the homogeneous texture regions allow to
localize the bound of defect which carry out the most
substantial information for CT diagnostic. Then for
the diagnostic of the fragile character of destruction of
CT of precision treatment it is necessary to detect the
bounds of homogeneous texture regions of the image
of wear zone. For decision of this task the amplitude
rectifying method [2] of texture segmentation are
developed for the images of wear zone of CT as
follows.

The intensity values of every line of the image of
wear zone of CT are localized in the Fourier space.
For this the intensity values of every line of image
examined as realization of random process. The trend
of this process is approximated by the polynomial of
Sth order and is deleted from every line of the image.

The amplitude rectifying of intensity values of
every line of image of wear zone of CT is utilized.
This procedure includes the two half period
straightening and the band pass filtering.

The image which got as a result of the amplitude
rectifying is transformed to a binary image. A
threshold for a binary image gets out by the analysis
of histogram of image. In our case the histogram of
the image of wear zone of CT contains two modes,
corresponding to the zone of threadbare back surface

and zone of unthreadbare back surface. On a valley
between modes a threshold for a binary image is set.

The morphological processing of the binary image
is applied (fig. 2, a). For filling the gaps of the binary
image and smoothing of the salient features of the
bounds the closing is used (fig. 2, b). After that it is
necessary to delete unimportant on sizes details by
application to the image the operation of erosion on
the primitive of less sizes, what objects which we
wish to save. Then the opening and the deleting of
small regions is applied (fig. 3).

a b
Fig. 2 — Binary image after amplitude rectifying (a),
result of closing of the image with a fig. 2, a (b)

a b

Fig. 3 — Result of the texture segmentation before the
bound detection (a), after the bound detection (b).

The developed amplitude rectifying method of the
texture segmentation of image of wear zone of CT
with tracks of the fragile destruction provides the
high-quality detection of bounds of defect unlike the
edge detection methods [1] which oversegmented an
image. The elaborated method of image texture
segmentation get a low time consuming (55,8 seconds
on the Intel (R) Celeron (TM) CRU 1000MHz 128
RAM for the images 960x1280 pixels), high noise
stability and low enough error (linear error of defect
area is 27 — 40 pixels, i. e. 4,8 — 7,2 % from linear
size of defect at image signal-noise ratio 19 — 27 on
power).
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