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1. BBegenue

HccnenoBanus HanpaBlieHbl Ha pa3BUTHE WHPOPMAIIMOHHBIX TEXHOJOTHH, MPUMEHSIEMBIX B DJIEKTPOHHBIX OHONMO-
TeKax, OPUEHTUPOBAHHBIX Ha paboTy ¢ U300paKEeHMUAMH U BHUACOMAaTepHalaMH, a UMEHHO Ha pa3paboTKy U pealu3aluio Me-
TOJIOB aHAJIN3a, HHICKCUPOBAHMS 1 MONUCKA M300pakeHNIT M BUICOJaHHBIX Ha OCHOBAHWY BU3YaJbHBIX aTPUOYTOB.

OuudpoBka U xpaHeHHe OONBIIMX 00BEMOB N300paKEHUH M BHICOJAHHBIX B HACTOSLICE BPEMs HE NPEICTABISCT
npoOieMy ¢ TEXHHYECKOH TOUKHU 3PeHHs, Yero Hellb3s MoKa CKa3aTh PO IMOUCK PeIeBaHTHOW BU3yaJbHON HHpopManuu. 1o
MIOCIIETHETO BPEMEHH TPAIULIMOHHBIM CIIOCOOOM SIBIISJICS ITOUCK BU3YaIbHOW MH(OPMALNHK, ONUPAONIKIiCS HAa HHACKCHPO-
BaHHE TEKCTOBBIX CTPOK, aCCOLMUPOBAHHBIX C M300pakeHneM Wi GpriibMoM. ABTOPHI I0KJIana pa3paboTali U HCIIOIb3YIOT
JUTSL TIPEJICTABJICHHUS KOJUICKIIMKA H300paKCHUMN CIICIHATH3UPOBAHHYIO MOJHOTEKCTHYIO MOMCKOBYIO MAlIMHY, KOTOpas 3¢-
¢dexTuBHO QyHKuMOHUpYeT Kak Ha CD, Tak u B HTepHeT. OHAKO MMOKCK 110 Ha3BaHUIO, aBTOpaM, TEME, CJIOBaM OMHCAHMS
COJICPXKAHUS U 110 JPYroi TEKCTOBON MH(GOPMAIINHU, ACCOIMHUPOBAHHON ¢ M300PaXKECHUAMHU KOJUICKIMH, MPEJACTABISICTCS He-
JOCTAaTOYHBIM. HeO}IHO?,Ha'-IHOCTI) COOTBETCTBUA MECKAY BU3YAJIbHBIM COJCPKAHNUECM U TCKCTOBBIM OIMMCAHUEM CHUIKACT I10-
Ka3aTeu TOYHOCTH M MOJHOTHI moucka. HexoTopeie n300paskeHust BOOOIIE TPYIHO OMUCATh CIOBaMU (OYCBHIHBIN IpUMED -
abCTpaKTHBIE KAPTHUHBI).

B cBs3u ¢ 3TUM  perraetcs npodiaeMa 00ecIedeHus JOCTyIa K COBPEMEHHBIM 3JIEKTPOHHBIM KOJUICKIMAM H300pa-
JKEHHH C MCIOJIb30BAaHUEM Pa3JIMYHBIX CPENICTB - KaK TEKCTOBBIX ONMHMCAHUMH, TaK M XapaKTEPUCTHK BU3YaJbHOTO COJCPIKAHUS,
NPOCTEHIINX THIIA IBETOBOW TaMMBI, U 00JIee CIOKHBIX, CBSI3aHHBIX ¢ PAaclio3HaBaHHEM 00pa3oB, HAHOOJIee HHTEPECHBIX JUIS
IpeIMeTHON 001acTu.

2. BusyajbHble NPUMUTHBBI U MEXAHU3M MOUCKA 1O 00pa3my

Jlnst opraHu3anuy NeKTPOHHBIX OMOIMOTEK, CBSA3aHHBIX C BU3YaJIbHBIMU JaHHBIMHU, TPEOYIOTCS METO/IbI CO3/1aHHs 1
HCIIOJIb30BaHMsI MOMCKOBBIX 00pa30B, OTPayKAIOUIMX BU3YaJIbHOE CO/IEpKaHUe U300paxkeHuit. MeTo/ bl pacrio3HaBaHus oOpa-
30B M TIOHMMAaHUs CIICHBI B HACTOSIIEE BPEMsI N3-3a OTCYTCTBHUS 3()(EKTHBHBIX YHUBEPCATIBHBIX aITOPUTMOB IPUMEHSIOTCS B
Y3KHX TpeaMeTHbIX obnacTsix. CoBpeMeHHas yHUBEpPCAJIbHAs TEXHOJOTHUS JOCTYNa K KOJUIEKIUSIM H300pakeHHH CBs3aHa
COMOCTaBJIEHHEM HM300paKeHNIO HaO0opa BU3YaJIbHBIX IIPUMHUTHBOB (XapaKTEPUCTHK IBETa, (POPMBI, TEKCTYPHI, a I BHIECO
elle W MapaMeTpoB JBIDKCHUS CLHEHBI U 00BEKTOB) M ONpENENICHHEM KOJINYECTBEHHOH OIEHKH OIM30CTH M300pakeHHH 10
3HauYEHUSAM NpUMUTUBOB [6, 12, 13, 14].

BuzyasbHble IPUMUTHBBI - 3TO XapaKTEPUCTHKU M300pakeHus, KOTOpbIe aBTOMaTHYECKH BBIYUCIIIOTCS MO OLHd-
POBaHHBIM BU3yaJbHBIM JIaHHBIM, II03BOJISIIOT (D (GEKTUBHO WHIEKCHPOBATh X U 00padaThIBaTh 3alpoChl C HCHOIb30BAHUEM
BU3YaJIbHBIX CBONCTB M300pakeHus. [1onckoBeIi 00pa3 n300paxeHns, CreHepUPOBAHHBIN U3 BU3YyaJIbHBIX IPUMUTHBOB, He-
BEJIMK 110 pa3Mepy B CPAaBHEHHH C CAaMHMM HM300pa)K€HHWEM U yJI0OeH s OpraHu3alliy MOoWcKa. Beruncinenne momodus u3o-
OpakeHuil 3aMeHseT NPUHATYIO B TpaauioHHbix CYB/ onepaiuio ycTaHOBIIEHNS! COOTBETCTBHS 3aPOCy. XOTS 3alIpOCOM B
TaKOM CHCTEME MOXeET OBbITh ONMCcaHue Habopa MPUMHUTUBOB, OoJiee yI00€H 3alpOCHBIH MEXaHNU3M IOUCKa Mo 00pasily, Ko-
IJla CHCTEeMa OTBICKMBAET M300paXeHUsI, BU3yaJIbHO ITOXO0XHE Ha IpeNoCTaBlIeHHBIN oOpasern. Cucrema aHanM3upyeT odpa-
3€ll aHAJIOTUYHO TOMY, KaK 3TO AENAeTcs MPH COCTABICHUH
TIONCKOBBIX 00pa3oB n300paxkeHui 6a3pl. Beramcnenue momo-
Ooms m300pakeHHsI-00pa3na W300paKEHUSIM KOJUICKIIHH OCY-
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naraet uaeHTU(UKaNKUo 00beKTOB. CKakeM, €Clid B KauecTBe 00pasiia B3ATO M300pakeHHe coOaku, TO CUCTeMa OyaeT Hc-
KaTh M300pakeHus1, OX0KUe Ha o0pasel] 10 BETOBOH raMMe, KOMITO3UIINY, HATUYHIO OTPENeNICeHHBIX ()OPM H T.I., HO HET
HUKAKON TapaHTHH, YTO CPEIU HHUX OKAKETCSA W300pakeHHe UMEHHO ATOro XHMBOTHOrO. TeM He MeHee, METO]] MOMCKa IO
00pasily Ha OCHOBAHMH BH3YaIbHBIX MPUMHTHBOB TMPEICTABISAETCS HA CETOMHSIIHAMN IEHb TOCTATOYHO 3()QPEKTUBHBIM H
YHUBEPCAIBHBIM CPEIICTBOM JIOCTYTIA K KOJUIEKITHSIM OIN(PPOBAHHBIX H300pasKeHHI.

3. MeToasbl aHaIn3a u300pakeHuit

PasnuuHbIMU TpynnaMu HCCIIEAOBATENEd yKe HAKOMIEH OMNpEACICHHBIM ONBIT pealu3alid aarOpUTMOB, IO3BO-
JSTFOLIMX aBTOMATHYECKH OTMCHIBATh N300pakeHMSI B TEPMUHAX MIPOCTHIX BEIYUCIMMBIX BH3yaJIbHBIX CBOMCTB, a TAKXKE OTpe-
JETSITh MEPY UX OTINYHS. ABTOpaMH JOKJIaaa OblI MOArOTOBICH 0030p 3THX aaroputMoB [7].

Hamu Texymue mcciaeloBaHUS B 3TOW 0OJIaCTH HaIpaBiIeHBl Ha JalbHeillllee pa3sBUTHE METOMOB BBIYMCICHUS U
CpaBHEHMs BU3yalbHBIX MIPUMUTHBOB. Peann3oBaH MeTO[l KOJUUYECTBEHHOH OIEHKM OIM30CTU CTaTHUHBIX M300pakeHUil mo
UX LBETOBBIM I'cTOrpaMMam. PeleHa 3ajavya npocTpaHCTBEHHOTO CETMEHTHPOBaHMs n3o0paxeHus. Paspaboran u peannzo-
BaH aJITOPHUTM, OCYLIECTBIISIOIINI BEIYMCICHUE TapaMeTpoB (OpM JUIsl BBIAEICHHBIX 00BbEKTOB KApTHHKU U CpaBHEHHE (HOpM
o ux napamerpam. [IpoBoasTcst pabOThl M UMEIOTCSl PE3YNIBTAaThl, KOTOPBIE MO3BOJIST BHIMOJIHATh JOKAILHOE WHIEKCHPOBa-
HHe, OTpaxKalolllee pacnpesieieHne Ha n300pakeHHH [BETOBBIX MHOXeCTB. C 11€JIbI0 BBIYMCICHHSI U3MEPEHHH TEKCTYp HC-
CJICITyIOTCSI BO3MOXKHOCTH HCIIONBb30BaHMS MeToja (yHKIui ["'abopa n XapakTepuCTHK MaTPHIBI B3aHMOPACTIONOXKEHHUS OT-
TEHKOB CEPOTo LBETA.

3.1. IIBeTOBBIE THCTOrPAMMBI

MerTo/1 IBETOBBIX 'MCTOrpaMM — HanOoJiee MOIMYJISIPHBII U3 METOJIOB, UCIOJB3YIOIINX L[BETOBBIE XapaKTEPUCTUKU
JUISL MHJIEKCUPOBAHMS M300pakeHUi. Bo3MOXKHO Takike HMCIIOJIb30BaHHME TaKUX IMOKa3aTeliel, Kak CPeAHUI WM OCHOBHOU
[[BETa, a Takke MHOXKECTBA IIBETOB; ITH XaPaKTCPHCTHUKU MMEET CMBICI HCIIONB30BaTh Ui JIOKAJIBFHOTO HHICKCHPOBAHUS
obmacreit n3obpaxenus [9, 17].

Wnest MmeToma MBETOBBIX TUCTOTPAMM U MHAECKCHPOBAHUS U CPABHEHHS W300paKCHHH CBOTUTCS K CICTYIOMIEMY.
Bce MHOXeCTBO I[BETOB pa30mMBaeTCs Ha HAaOOp HEMepeceKaloUINXCs, MONMHOCTHIO TOKPHIBAIOMIMX €r0 MOAMHOXECTB Vi,
0<=i<N. Bynem Ha3pIBaTh Takoe pa3dneHIe MHOKECTBA IBETOB 0a30BOH manuTpoit. st n3o0paskeHUs GOPMHPYETCS THCTO-
rpamMMa, OTpa)karolias JI0JII0 KaXJI0ro ITOJIMHOYKECTBA IIBETOB B 001Iel 11BETOBOM ramMmme u3oopaxenus - maccuB H[i]=N[i]/ £
N[i], rme N[i] - uncio Touek ¢ nBeTOM U3 MHOKecTBa Vi. J[J1s1 cpaBHEHHUS THCTOTPaMM BBOJUTCS MOHSATHE PACCTOSIHUAS MEXKIY
HUMH. VI3BeCTHBI pa3IyuHbIe CTIOCOOBI IOCTPOCHUS U CPaBHEHHUS I[BETOBBIX rucTorpamm [1, 2, 7, 17], oTnuuaromuecs: Mexay
coboit n3HauaneHOM 11BeToBOM cxeMoi (RGB, CMY , HSV, grayscale u T. 1.), pa3MepHOCTBIO THCTOTPAMMBI U OIIPEAEICHH-
€M PACCTOSIHUSI MEX]y TUCTOTpaMMaMH.

B nanHoit paboTe peann3oBaHO HECKOJIbKO MOAMGUKALMIT METO/A, MPUMEHSIOIUX pa3Hble CHOCOObI KBAHTOBaHMS
MHO)KECTBa 1IBETOB M BBIUMCIICHHUS] PACCTOSIHUS MEXJy rMcTorpaMMaMu. Mcnonb3yrores 1Be 6a30BbIe MAIUTPHI H, Cle0Ba-
TENbHO, JIBa METO/a IOCTPOSHHUSI THCTOTPAMMBI.

1) Pazouenne RGB-11BeTOB 110 SIPKOCTH.

B 6a3oBoit manutpe Vi (0<=i<N) ompezaemnseTcs Kak MHOXKECTBO 11BeToB C, WHTEHCHUBHOCTH KOTOPHIX I(C): 2561/N
<=[(C)< 256(i+1)/N. UaTeHCHMBHOCTPH BEIUUCIISIETCS 10 Kiaccudeckoit popmyne: [(C)=0.3 R(C)+0.59 G(C)+0.11 B(C),
rae R, G u B — xpacHas, 3eneHas u cuHsasa koMnoHeHTH nBeta C, 0<=I(C)<256.

B wacTtHOCTH, 17151 9epHO-0EIBIX TOIYTOHOBEIX N300pakeHMi Ha N TIOAMHOXKECTB pa30MBaeTCss HCXOTHOE MHOXKECTBO OTTCH-
KoB. 3HaueHue N BbIOMPAJIOCh MPAKTHYECKU IPOU3BOJIBHO, celiuac ycTaHoBieHo N=16.

B kauecTBe paccTOSIHHA MEXJIY THCTOrpaMMaMHU HCIIOJIB3YeTCsS CyMMa MOJyJIeil pa3HOCTH COOTBETCTBYIOIUX 3Jie-
MEHTOB rucTorpaMM. HekoTopoe ycoBepLIEHCTBOBAHME METOAA JOCTUIAETCs NMPU BBIYMCIEHUH PACCTOSHUS Ha OCHOBaHHMHU
MIO3JIEMEHTHOTO CPaBHEHHsI TUCTOTPAMM C YYETOM COCEJHMX DJIEMEHTOB. JlJIsl Ka)JOro 3JeMeHTa THCTOTPaMMbl IEPBOTO
n300pakeHHs] BBIYMCIISAETCS HE O/IHA, & TPH PA3HOCTH:

RI[i]=|H1[i]-H2[i-1] |

R2[i]=|H1 [i]-H2[i] |

R3[i]= | HI1[i]-H2[i+1] | (mmst i=0 m i=N BMeCTO HEBBIYHUCIUMBIX Pa3HOCTEH IOJICTABIIIIOTCS 3aBEIOMO OOJBIIHE
3HA4YEHUs ), UTOTOBOE K€ PACCTOSHUE PaBHO:

S=Y mink.lil

i=0 l<=k<=3
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3TO0T crnocod He TOAMUTCS I NMPOU3BOJIBHONW 0a30BOM MANUTPHI, T. K. MPEIIONaraeT CTPOryl0 YHOPSAOUYEeHHOCTb
MHO)KECTBa IIBETOB, KaK B Clly4ae ¢ pa30MeHHEM 110 SPKOCTH. 3aMETHM, YTO TaK OINpeAeIeHHOe S He SBJISIETCS PACCTOSIHUEM B
MaTeMaTH4YeCKOM CMBICIIE M3-32 HECUMMETPUYHOCTH (HeNb3sl TapaHTHpoBaTh, uto S(HI1,H2)=S(H2,H1)). OcHoBHOE Tpe-
HMMYIIECTBO aJrOPUTMa COCTOUT B TOM, YTO OH CJIab0 YyBCTBHUTENICH K M3MEHEHHIO OCBEIIEHHOCTH, YTO OLIYTHMO YJIydIIaeT
PE3yJIbTaThI €T0 IPHUMEHEHHUS Ha IIMPOKOM KJIacce M300paKeHNUH.

OTOT METOJ MMOCTPOCHUS THCTOTpaMM Haunbosee 3G (HEKTHBEH I YepHO-OCNBIX MOTYTOHOBBIX M300parkeHuid. Jlis
uBeTHBIX RGB-n300pakennii rydmmme pe3ynbTaThl JaeT APYTroi CrocoO.
2) Paz6uenne RGB-11BeTOB 10 MPSIMOYTONBHEIM TMapalIeNIeTHIICIaM.

[IBeToBoe RGB-npocTpancTBO paccMaTpuBaeTcst KaK TPEXMEPHBIN KyO, Kaxaas ocb KOTOPOTO COOTBETCTBYET OA-
HOMY U3 TPEX OCHOBHBIX I[BETOB (KPaCHOMY, 3€JICHOMY HJIM CHHEMY), JIeJIeHHsI Ha OCsAX MpoHyMepoBaHsl oT 0 1o 255 (60mb-
1Iee 3HaYeHHe COOTBETCTBYET OOJIBbIIEH HHTEHCUBHOCTH 11BeTa). [Ipu TakoM paccmoTpenun nitodoii uBer RGB-u3obpaxenus
MOJKET OBITh TIPEJICTaBJICH TOUKOM KyOa. [l MOCTpOCHHUS 1IBETOBOW T'MCTOTPaMMBbI KaK/iasi CTOpPOHA JISNTUTCST Ha =4 paBHBIX
HHTEpBaIOB, cooTBeTcTBeHHO RGB-ky0 nenutcs Ha N=64 mpsMOyrojbHBIX MapajieienuneaoB. Vi — MHOKECTBO I[BETOB,
BCE KOMIIOHEHTHI KOTOPBIX NOMAJal0T B ONpe/elIeHHbIe HHTEepBabl. [ HCcTOrpaMMa H300paXeHns: OTpaXkaeT paclpejielieHue
tTouek RGB-mpocTpaHcTBa, COOTBETCTBYIOMIMX [{BETAM ITUKCEJIOB H300pasKeHNs, M0 MapajieeuIIeaM.

B kadecTBe paccTOSHHS MEXAy THCTOTPAMMaMH HCIIONB3YETCsl IOKOMIIOHEHTHAs! CyMMa MOJYJICH pa3HOCTH MEXIY
HUMH. HecMOTpst Ha mpenenbHy0 MPOCTOTY IMOAX0/a, OH MOKA3bIBACT JIOBOJBHO CTAOWIIBbHBIE PE3yNbTaThl. Pacmo3HaroTcs
CXOXHeE TI0 IIBETOBOM TraMMe CEepHH KapTHHOK, €CII OHU UMeIoTcs B 0ase. (B kauecTBe TecTOBOH 0a3bl ObLIa MCIONIBb30BaHA
KOJUIEKITHSI a0COMOTHO pa3HBIX (ororpaduit, mpencrasneHHas Ha CD PUA «Hosoctmy.)

Boinee TouHOE CpaBHEHHE N300paKEHUH JOCTUTACTCS C MOMOIIBIO TEXHUKH KBAJPOJEPEBbEB, KOT/Ia METOABI BHIUHUC-
JICHHS ¥ CPAaBHEHHUS I[BETOBBIX TUCTOIPaMM IIPUMEHSIOTCS HE KO BCEMY M300pakeHHIO, a K ero 4eTBepTH (OJHOI ImecTHaa-
To¥i U T. 11.). Ceiiuac mporpaMma Mo3BOJIIET pabOTaTh HE TOJBKO C MOJHBIMU H300paXKECHUAMH, HO U C X pa30HCHHUEM Ha YeT-
BepTu. [l peanm3any 3TOH BO3MOKHOCTH NPH MOCTPOCHUU THCTOIPAMMBl aBTOMATHYECKU CUHUTAIOTCA U THCTOTPAMMBI
BCEX YEThIpEX KBaIPaHTOB M300pakeHus. CpaBHEHHE N300paKeHUH OCHOBBIBACTCS] Ha PACCTOSIHUM, OIIPEAEIeHHOM Kak EBK-
JIMJIOBO B IPOCTPAHCTBE PACCTOSIHUNA MEXy THCTOTpaMMaMH UX 4acTei - BMECTO BBIUMCIIEHUS PACCTOSHUS MEXTy ITOJIHBIMU
THCTOTPaMMaMH, PacCUUTHIBAIOTCS PACCTOSIHUS MEXIY YeTBEPTSIMHU, HTOTOBBIM PE3YIbTaTOM CUMTAETCA KOPEHb U3 CYMMBI
MX KBaJIpaToB. DTOT METOJ Ja€T PEe3ybTaT, CEMaHTHUECKH OTJIMUHBIN OT APYTUX BApPHAHTOB: H300paKCHHUS, pa3INIaroIIfecs
TOJBKO IO B3aHMHOMY PACHOJIOKEHHIO HACHTHYHBIX MO BETY OOBEKTOB, CUUTAIOTCS HEMOXO0XXUMH, B TO BPEMs KaK MOTJIH
OBbITH OmpeesieHbl Kak Oau3Kkue 0e3 MCIONB30BaHus 3TOHM TeXHUKHU. LlenecooOpa3HOCTh ee MPUMEHEHHS ONpeAesieTcs 3Ha-
YEHHEM TSI I0JIb30BaTeIs PACcTIONOKEHNUsI Ha KapTHHKe-00pas3Iie ONpeAeIeHHbIX IBETOBBIX 001acTel.

3.2. O0beKTHI N300pakeHust

IIpocTpaHCTBEHHOE CETMEHTHPOBAHUE M300paKEHUS MOXKET OCYIIECTBIATHCS aBTOMATHYECKH, KOTJIa BBIJCISIOTCS
00JlacT! ¢ HEKUMH OOLIMMHU CBOWCTBAMH - OJMHAKOBBIMH WM CHIIBHO CXO)KHMH 3HAYCHHSMH TOTO MJIM MHOTO NPHUMHUTHBA.
[omydeHnsle B pe3ysbTaTe 00JaCTH XapaKTEpPHU3YIOTCS PACIONIOKCHNEM HA KapTHHKE, pa3MepaMH, 3HAYCHUSIMH MTPUMHTH-
BoB. Hampumep, ompeneneHue oObekTa n300pakeHHs HA OCHOBAaHMM OJIM3KMX 3HAYEHUH MHTCHCHBHOCTH COCETHHX TOUYEK
MIO3BOJISIET IOBOJIFHO TOYHO XapaKTE€PU30BaTh BBIJCICHHYIO 00IAaCTh C MOMOIIBIO TAKOTO ITOKa3aTelis, KaK CPEJHHUHN I[BET e
Touek. Takum 00pazoMm, [T BBIAEIEHHBIX OOBEKTOB MOTYT OBITH ONIPEEIICHBI U BKIIOUEHBI B MHJEKC TAKHE XapaKTEPHUCTHKH,
KaK KOOPAWHATHI Ha N300pakKeHUH, Pa3Mepbl, XapaKTEePUCTHKH [[BETA, N3MEPEHNUS (POPMBI U TEKCTYPBI.

KoHTyp - rpanunia o0bekTa - mpeacTaBiseT co00i 3aMKHYTYIO MOCIIEIOBATENILHOCTh TOUYEK (XS, ys), rae 1<=s<=N.
Y 1n06HO0 cuutath, uto (xstN, ys+N) = (xs, ys). 3a7a4ya BbIABICHUS KOHTYPOB CBsI3aHa C JIOKaJIHM3aIUeH Ha M300pakeHUH pe3-
KHX TIEpernajioB SPKOCTH IIBETA UM U3MEHEHH MapaMeTpOB, XapaKTEPU3YIOUTUX TEKCTYPY.

Omnpenenenne rpanul 00bEKTOB M300paKeHMs BBITOJHIETCS HAMU 110 CIIEAYIOLIEH cXeMe: LBETHOE M300paKeHue
MEPEBOANTCS B YEPHO-0EJIoe MOIYTOHOBOE U CIIIAXKHWBAETCS, OCYLIECTBIISIETCS NMPOCTPAHCTBEHHOE IU(depeHupoBaHue -
BBIUUCIIACTCS TPAAWEHT (DYHKIIMH WHTEHCHBHOCTH B Ka)XXJOW TOYKEe W300paKCHHWS W, HAKOHEI, ITOJaBIISIOTCS 3HAUYCHHUS
MEHbIIIE YCTAaHOBIICHHOTO MOpora. 3a ocHOBY B3AT MeTox Cobens [18], ucmonp3yromuii Uit BEIYHCICHHS TPaIieHTa HHTCH-
CHUBHOCTH CICIIHANBHBIC Spa, N3BECTHBIE KaK «orepaTtopsl CoOemsy.

Snpa MpUMEHSIOTCS K KaXKOMY ITHKCETy H300pakeHUs: OH IOMEIIAaeTCs B IIEHTP A1pa, ¥ 3HaUYeHUS HHTCHCHBHOCTH
B COCEIHHX TOYKAaX YMHOXKAIOTCS Ha COOTBETCTBYIOIIME KOX(PQHUIIMEHTHI s/Ipa, MOCie Yero MoJydeHHbIe 3HAYCHUS CYMMH-
pytorcs. X- onepatop Cobelisi, IPUMEHEHHBINH K 3X3 MaTpHUIC HCXOJHOTO U300paKCHHS, JaeT BEIHMYUHY TOPH30HTAIBHON
COCTaBJIAIONIEH IPaJieHTa HHTEHCUBHOCTH B LICHTPAIBHON TOUKE 3TOW MaTpulpl, a Y-oneparop Cobenst jaeT BETUYMHY Bep-
TUKAJIBHOW cocTaBisttonied rpaguenta. Koadduuuentsr sapa BeIOpaHbl Tak, YTOOBI MPHU €ro MPUMEHEHUH OJHOBPEMEHHO
BBITIOJTHSJIOCH CTJIaKUBAaHKUE B OJIHOM HAMpPABJICHUH U BBIUMCIICHHE IPOCTPAHCTBEHHON MPOU3BOJIHOMN — B PYTOM.

Bennunna rpaaueHTa onpeensercss Kak KBaJpaTHbIA KOPEHb U3 CyMMbl KBAaJIpaTOB 3HAYECHUN FOPU30HTAILHOU U
BEPTUKAIBHON COCTABJISIONINX TPaUECHTA.
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B pesynbrare o0pasyercs maccuB uncen G(i, j), XapaKTepH3yIOIUX U3MEHEHHS SPKOCTH B Pa3JIMUHBIX TOYKAX H30-
OpaxkeHus. 3aTeM BBIIOJIHACTCS OIEpalys CPABHEHHS C IOPOTOM U OIPENENSeTCs IOJ0XKEHUE JIEMEHTOB U300paXeHHs C
Ham6onee CUJIbHBIMU m€periajaMu SIPKOCTH. BI>I60p rnopora sBJIACTCA OJHUM M3 KIIIOYEBBIX BOMIPOCOB BLIACJICHUSA ME€pETia-
I0B. B Haweil peann3auny oH OTIMYAETCs OT OpHTHHAIBHOTO MeToga Cobens. B kauecTBe oCHOBHOTO mopora depercs cpea-
HSS UL H300paXkeHus BelnM4yKMHa rpagueHTta - Smid. s Gonbmioro n3o0paxkeHus ¢ MalbIM YHCIOM TOYEK, 00JiaJaloInx
CIJIBHBIM II€PeIazioM SIPKOCTH, JaHHOW ITOPOTOBOH BEIMYNHBI HEJOCTATOYHO, OKA3bIBACTCS BEChbMa CHIIBHBIM BIIHSHHE ITyMa.
JUo1st TUKBUALMHA 3TOM POOIEMBI I KQKI0W TOUKH H300paXkeHus cuutaercs BenndrHa Slocal, paBHast cpeHel BelnInHe
rpajueHTa B 001acTu 3x3 BOKpYT aHaIU3UpyeMoi ToYkH. [IoporoBoe ycinoBue BBITIISIUT TaK:

(G(1, j)>»=Smid) AND (Slocal >= Smid)

B pesynbrare 00paboTky mosrydaercss OMHapHAsS MaTpHla, TAE SJUHUIIAM COOTBETCTBYIOT TOUYKH CO 3HAUUTEIbHBIM
NepenagoM sipKOCTH, HYJISIM — BCE OCTallbHble. B KauecTBe JAOTOIHUTENEHONH Mephl B 00Opb0e ¢ IIyMOM U JIMKBHJAIUHU BO3-
MOXKHBIX Pa3pbIBOB B KOHTYPaxX HPUMEHSIOTCSI MOP(HOIOTHUECKHE Oepalny.

Crenyromuii 3Tan — cCerMEHTHpOBaHUE HM300paxeHus. Llenpio sSBIseTCS BBIJEICHNE HAa M300pakKCHHH KOHTYpPOB
00bekToB. B OnHapHOH MaTpuIile eAMHUIAMH TIPEJICTABICHBl TOYKH, IPUHAIJICKAINE NCKYCCTBEHHO YTOJIIEHHBIM HA TIpe-
JBITYIEM 3Talle TpaHuaM 0OBEKTOB. /I BBIAEICHUS TPAHUIBI OJTHOTO OOBEKTa B MATPHIIE IO OIPEICICHHOMY alTOPUTMY
UINEeTCS 3JEMEHT, PaBHBIN €MHUIIE, HE OTHECEHHbIH paHee HU K KaKOMY JpYroMy OOBEKTY; Jajiee CUUTaeTcs, 4TO BCE CO-
CeJTHHE JIEMEHTBHI, paBHbIC €ANHMUIIE, TAK)KE IPHHAIEKAT 3TOMY 00BEKTY; U T. A. JIJIsI BBIJICIICHNS TOUEK BHEITHETO KOHTYpa
UCTIONB3yeTcs 00X0/1 MOIyYSeHHOTO 0OBEKTa 110 BHEITHEH €ro CTOPOHE, HAUMHASI C HIDKHEH JICBOH TOUYKN O0BEKTa M 3aKaHUH-
Bas e1o sxe. O0X0/ TOUEK BeJIeTCsl MOCIIeI0BaTeIbHO IIPOTHUB YAaCOBOM CTPENKH. B pesysprare nosyyaeMm MaccHB TOYEK, o0Opa-
3YIOIUX 3aMKHYTBIH KOHTYp 00beKkTa. Hebonbiine 00beKTh MTPH 3TOM HCKIFOYAIOTCS U3 PACCMOTPEHHUSL.

3.3. XapakTepuctuku (popmsbl

CymecTByeT NpakTHKa HCIOIb30BaHMSA (HOPMBI OOBEKTOB IJISI MHICKCHPOBAHUS M300paKCHUH C IETbI0 MX Jab-
Helmiero cpaBHeHus [2, 7, 20].

B nanHo#t paboTe U1 BBIYMCICHUS TpEeIHA3HAYEHHBIX I MHICKCHPOBAHUS XapaKTEPUCTHK (OPMBI M3 KOHTYpa
oObekTa BeiOMpaeTcs 128 Touek (xs, ys), 1<=s<=128.

BBogsites aBe QyHKIUU:
1) ®yHKIMS pacCTOSHUS OT TOUEK KOHTYpa JI0 LIeHTpa Gpuryps

R(s)" =(x.=x ) +(y. = »)
rze (Xc, yc) - HeHTp Macc KOHTypa:
128 128
x,=>.x,/128 =) y/128
s=1 s=1

2) V1l moBOpOTA:

Y (s) = arccos((a’ +b* —c*)/ 2ab))

az(S):(‘xs—] _xs)z +(yo — ys)2

rae

bz(s):(xﬁ-l _xs)z +(ys+l - ys)2
CZ(S):(xs—l _xs+1)2 (Yo — ys+1)2

Jtst obecrieueHusI HHBAPHAHTHOCTH OTHOCHTEILHO MMOBOPOTOB 1 MaciuTaba, BBIIOJIHICTCS HOPMUPOBAHUE BEJINYHH,
a B Ka4eCTBE HAYaIbHON TOYKH KOHTYpa GepeTcst Ta, pacCTOSHUE 0 LCHTPa OT KOTOPOH HAaMMEHbIIee, COOTBETCTBEHHO YIIO-
PSAOYHBAIOTCS HIIEMEHTHI BEKTOPOB.

Ipemaraercs cnocob cpaBHeHUs: (HOPM OOBEKTOB HA OCHOBAHUHU BBIUUCIICHHUS OOIIETO PACCTOSHHS MEXIY JBYMS
mapaMi COOTBETCTBYIOIIMX BEKTOPOB - HCIOIb3YETCsI TOKOMIIOHEHTHAS CyMMa MOJYJIeH Pa3HOCTH.

Peanusyromas gaHHBI METOZA MporpaMmMa IMokasana MpueMJIeMble Pe3ysbTaThl IPH MOUCKEe M300pa)KeHUil 0a3bl,
cozepKaImx 00beKThl ¢ GopMaMH, MOX0KUMHU Ha (opMy 0ObekTa H300paxeHus-oopasua. (TecTupoBaHHe MPOBOAMIOCH Ha
npuMepax, B3AThIX U3 TUcTpuOyTHBa nakera Macromedia Director.)
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4. MeToabl aHAJIN3Aa BHAEOJAHHBIX
4.1. BpeMeHHO€e cerMeHTHPOBaHUE BUAe0(PHIbLMA

B cBs3u ¢ Gompmnm o0beMoM BHeO-(aiioB s opranusanui 3(G(HEeKTHBHOTO MONCKA AAHHBIX C YIOBIETBOPH-
TENbHBIMU TOKa3aTESIMU MOTHOTH M TOYHOCTH, a TaKXKe Ul 00ecIieueHHsl ObICTPOTO NMPEOCTABICHHS MOJIb30BATEIIO pelie-
BaHTHOH MH(OpPMAINU UMEET CMBICI HHACKCHPOBATh KaXAbIH (DMIIBM HE KaK €JHHOE IIENI0E, a KaK IT0CIIeI0BATEIbHOCT JI0-
THYECKH CAMOCTOSITENBHBIX YacTe — BuaeodpparmenTos [13]. 3amada cBoANUTCS K ONMPECICHUIO TPAHNL BUICO()PAarMeHTOB,
OHHU MOTYT OBITh CBSI3aHBI C TOYKaMHU MOHTa)ka, N3MCHEHHEM IIOJIOKEHUSI CHUMaIomel kamepsl U T.1. PopMaibHO 3amady
MOJKHO TIOCT@BUTb TaK: Ha BXOJI MMOJAETCS YIOPSIOYCHHBII HA0Op KaJpoB, HEOOXOIUMO BBIJEIHTH U3 HHUX IOCIIENOBATEb-
HOCTbh HOMEPOB, KaXK/IbIii M3 KOTOPBIX COOTBETCTBYET Haualy HOBOTO ()parMeHra.

BpemeHHOE cerMeHTHPOBAaHHE MOXET BBITOJIHATHCA IMYTEM aBTOMATHUECKOTO aHalW3a M300pa)keHUs, COOTBETCT-
ByIOIIME IpueMbl u3BecTHs! [3, 5, 10]. JocraTouHo 3¢ (GeKTUBHBI ISl BBIJEJIEHNS KaJpOB, HA KOTOPBIX MPOUCXOIUT 3HAYH-
TeNIbHOE M3MEHEHUE BHICOM300paXKEHUs, METO/bI, 0a3UpYIOIIUecs Ha BBIYMCICHHH HU3KOYPOBHEBBIX XapaKTEPUCTHUK H30-
OpakeHusl.

[Ipennaraercst anropuT™, OCHOBAaHHBIH Ha CPABHEHUH IIBETOBBIX THCTOIPaMM COCEIHHX KaapoB. CHucTemMa BBIYUCI-
€T BETOBYIO TMCTOrPaMMy OYEpPEHOTO Kajpa M CPaBHUBAET C THCTOTPaMMOi npeasiaymero kaapa. [loctpoenne u cpaBHe-
HHUE TUCTOTPaMM OCYIIECTBISIIOTCSI MASHTUYHO paboTe cO CTAaTHYHBIMU HM300pakeHHsMH. ECTh HOMONHHUTENbHAs BO3MOXK-
HOCTH “BBIPaBHMBAHUS THCTOTPaMM, IPUMEHEHHE KOTOPOW MMEET CMBICT TOJBKO B CiIydae pa3OMEHHs] MHOXKECTBA IIBETOB
110 sipkocTH. Llenbpro ee SBIsSeTCS NPUBEICHNE THCTOTPAMMBI K BHY, TPH KOTOPOM BEPHO:

[TorpebHOCTh TakoW 00pabOTKH OOBSCHAETCS TEM, YTO BO MHOTHX pealibHBIX 00pa3uax BHAEO (0COOEHHO YepHO-0esbIX
W/MITY TUIOXOT'0 KauecTBa) YaCcTO BCTPEYAIOTCS MPAKTUYECKH HACHTHYHBIE COCETHUE KaJIPhl, OTIMYAIOLIMECS TOJIBKO MO SPKO-
CTU cpenHero ocBenieHus. CeMaHTUUECKH OHM JIOJDKHBI TIONa aTh B OJMH ()parMeHT, HO UX MEpPBOHAYAIBEHBIE THCTOTPAMMBI

N/2-1 N-l

Y Hli]= Y HIi]

i=0 i=N/2

MOTYT CYIIECTBEHHO Pa3lIMYaThCs, YTO M MPUBOAMT K HEOOXOAMMOCTH BBIpaBHUBaHUS. [IpreM He JaeT IMOJIHOTO pPEeIleHHs
po0IeMbl, HO, TT0 KpaiHeH Mepe, CYIECTBEHHO yIyqIIaeT pe3ybTaThl Ha MUPOKOM KJilacce H300paKeHHUH.

PesynbpraToM cpaBHEHHs THCTOTPaMM IIOCIIEIOBATEIbHBIX KaIPOB SBISIETCSI MACCHB YHCE, I'JIe i-blif KOMIIOHEHT —
paccTosiHEe Mexay rucrorpamMmami i-oro u (i+1)-oro kagpoB. Onupasce Ha 3TH JaHHble, GpuibM pa3buBaeTcs Ha (parMeH-
Thl. ['panuna gpparMeHTOB cunMTaeTcsi 0OOHapyKEHHOM, €CJIM pa3HUIa TUCTOTPaMM MEXAY PacCMAaTPUBAEMBIMHU KaJpaMHu BbI-
1€ HeKOToporo abcomoTHoro nopora L u ogqHoBpemMenHo B K pa3 mpeBbIlaeT cpejiHee 3HaYeHUE pa3HHIBI THCTOIPAaMM CO-
CEeJTHMX KaJpOB, IOCYMTAHHOE OT HauaJia BBIIEJISIEMOT0 (hparMeHTa 10 TEKYIIEero Kajapa (OTHOCUTENbHBIN Opor).

[MombITKa OrpaHUYKUTHCS aOCONIOTHBIM TIOPOTOM HE NpHBENa K yclieXy. 3HaueHHe Mopora, Aaioliee xKelaeMble pe-
3yJIBTATHI, CYIIECTBCHHO 3aBUCHUT OT KauecTBa 3alMCH (pribMa, JUHAMHUKH €r0 CBA3HBIX ()pParMEHTOB U CPEIHEH OCBEIIEHHO-
CTH. DTH XapaKTEPUCTHKU MOTYT OBITh Pa3IMYHBI B pa3HbIX ()parMeHTax OAHOTO M TOTO ke (GuiabMa (T. €. UIsl UX BBIUHCIC-
HUSI IOTPEOYIOTCS YK€ TOTOBBIE PE3yJIbTAaThl BPEMEHHOW CErMEHTAallMn); KPOME TOTro, ONpeJeNieHHe, HallpuMep, KauecTBa
3aIlicH - TPyAHas 3a/1a4a, U 3aBUCHMOCTh OT Hee HEN30€KHO BHECET JIOTOJHUTEIBHYIO MOTPEIIHOCTh B UTOTOBBIA PE3yiib-
TaT. AHAJIOTHYHO, HE YIaJI0Ch PEMINTH 33ady TOJBKO C TIOMOINBI0 OTHOCHUTEIBHOTO IIOPOTa, MCHOIb3Ys CpelHee 3HAUCHHE
Pa3HUIIBI THCTOTPAaMM COCEJHHX KaJpoOB, IIOCYNTAHHOE O Ka/ipaM OT Hadaia BeiaenseMoro ¢pparmenra. [Ipobnema 3akiroua-
€TCsl B BO3MOYKHOCTH ITPAaKTUUECKH IIOJIHOTO COBIAJICHHSI NEPBBIX HECKOJNBKUX TUCTOTpaMM ()parMeHTa M MHHUMaJIbHOTO
OTJIMYHS OT HHUX CJIEJYIOIIEH - YCIOBUE 1opora OyAeT BBIIOJIHEHO, M PorpaMma BelgacT JUIIHUKA ¢pparment. Hanbonee a¢-
(hexTUBHOM OKa3aiach KOMOHMHAIIMS 3THUX MOAXOJOB, T. €. (i+1)-if Kagp cyMTaeTCsl HaYaJIOM HOBOTO (hparMeHTa, eclid pac-
CTOSIHHE MEXY rMcTorpaMMamH i-oro u (i+1)-oro kaapoB npeBblmaeT 06a nopora.

Pe3ynbraThl CErMEHTUPOBaHUS, pa3yMeeTCsl, CHIIBHO 3aBHCAT OT BbIOOpa mapamerpoB. OHM YCTAHOBJIEHBI SMIHUPH-
YECKH JJIsl JIOCTHIKEHHUS IPUEMIIEMBIX PE3yJIbTaTOB C TOYKHM 3pEHHMsI MUHHUMHU3AIMU YHCiIa OIMOOK, CBA3aHHBIX C OOHapyKe-
HHUEM JIO)KHOW TPaHUIBI U MpOIycKoM neicTBuTensHOH. (IIpn yMeHbIIEHNN BEpOATHOCTH OIHOM M3 OMIMOOK, HEM30€XHO
TOBBITIIAETCST BepOsATHOCTH npyroit.) Texymme 3nauerns L=0.15 m K=3 momoOpanbl Tak, 4TOOBI JIO)KHBIE OOHAPYKECHUS
BCTpEYaINCh MPUMEPHO Ha MOPSIOK Yalle, 4YeM MPOIYCK Iepexo10B. BeI3BaHO 3T0 TeM, 4TO Ha “IBONHHOM” BHAEodparMeHTe
HEBO3MOXHO KOPPEKTHO BBIYHCINTH ONTHYECKUI MOTOK, YTO SBIAETCS OAHOW M3 TIABHBIX IIE€J€H BPEMEHHOTO CErMEHTHPO-
BaHMA, B TO BpeMs Kak /iBa ()parMeHTa BMECTO OJHOTO JAIOT JIMIIb HEKOTOPOE YBEIMYEHHE TpeOyeMbIX Ui AaibHeHmen
00pabOTKH PECYPCOB.

Jnist TecTUPOBAHUS TPOTPAMMBbI HCHOJIB30BAIMCH BUIEO(UIIBMBI, B3SThIE U3 PA3IMYHBIX HCTOYHUKOB, Pa3HOTO Kade-
cTBa. Bece GuinbMbl pa3OMTHI Ha HECKOJIBKO HEMEpeceKarouxcst IPYIII, Pe3yJIbTaThl BHYTPH KOTOPBIX ObUIN OoJiee Ml MeHee
OJIMHAKOBEL. [IpHBOIMM yCpeJHEHHBIE PE3YJbTaThl, OTPAKAIONIUE MPOLEHT OIMUOOK, J0MYCKAEMbIX Pa3IMYHBIMH METOJIAMU
BPEMEHHOMW CerMeHTAaIM{ Ha Pa3JIMYHBIX THIIAX BUJIEO(PPArMEeHTOB.
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JloxHble 00HApY)KEHUS

Mertox @ 2 3) “) )
MynbThHUIBMEI 10% 10% 31% 18% 0%
I[BeTHOE BUEO 33% 11% 33% 33% 27%
YepHo-6e10e BUEO 23% - 25% - 12%

[TpomymeHHble rpaHuIbl HParMeHTOB

Meton @) 2) 3) ) (€]
MynbThHUIBMEI 0% 0% 0% 0% 0%
I[BeTHOE BUICO 0% 0% 0% 0% 0%
YepHo-0Oenoe BHI0 4% - 2% - 10%
MeTtopr:

1 - IManuTpa pazbuBaeTcs M0 HHTEHCUBHOCTH.

2 - [Tanmtpa pa3zduBaercs Ha RGB-mapanienenumeas.

3 — KBagpoaepeBo & manurtpa pa30onuBaeTcs M0 HHTCHCUBHOCTH.

4 — KBagponepeso & manutpa pazouBaercs Ha RGB-napannenenwmens:.

5 - [anutpa pazduBaeTcs 10 MHTEHCUBHOCTH, IIPUMEHSIETCS YCIIOKHEHHast (JOpMyJia pacCTOSHUS U BBIDABHUBAHUE I'MCTO-
rpamm.

(ITpotieHT OMIMOOK — OTHOIIEHHE YMCIIA OMIMOOK K CyMME OINMOOK M BEPHO OOHAPYKEHHBIX MEPEX0JI0B, YMHOKCHHOE HA
100%.)

4.2. UuaexcupoBanue BuaeopparMmeHToB

[Mocre TOro Kak BUACONMOTOK pa3duBaeTcsi Ha (parMeHThl, U3 HUX BBIICISIOTCS ISl HCCIIEIOBAHHS KITFOUEBBIE CTOII-
kazpel. CTparerusi U3BJICUYCHHS IPEACTABUTEIBLHBIX CTOT-KAJPOB U3 KAXJOTO BBIACICHHOTO (parMeHTa MOXKeT ObITh, Ha-
npumep, Takoi [1]: ecnu GpparmMeHT KOpode CEeKyH/bI, OepeTcs OAMH LEHTPATIbHBINA Kaap, /Uil OoJiee AIHHHBIX (GparMeHTOB
Oepercst MO0 OAHOMY B CeKyHIy. JIJisl KaKJOTO BBIICICHHOTO KaJpa BBIYHCISIOTCS C LENbI0 WHISKCHUPOBAHHS BU3YyabHbIC
MIPUMHUTHUBBL: IIBETOBbIE THCTOTPAMMBbI, XapaKTEPUCTHKU (HOPMBI U 1[BeTa 00BEKTOB N300paKEHHSI, U3MEPECHUS TEKCTYPbI; LIS
OTOTO NPUMCHAIOTCA TC K€ METObI, UTO U IJIA aHaJIn3a CTaTUYHBIX H306pa)KeHHI>i. KpOMe TOT0, IPEACTABJIACTCSA BAKHBIM
WHJIEKCUPOBaTh ()parMeHT TaKKe XapaKTepUCTUKAMHU JABHKEHUS KaMEpPbl/CLIEHBI U JIBI)KEHUSI 00BEKTOB, ONpeeIsieMbIMHI Ha
OCHOBAaHHHU COBOKYITHOCTH KaJpoB Buaeodparmenta [3, 5].

4.3. BoruucjeHnue onNTHYECKOr0 MOTOKA

Jnst MHAEKCUPOBAHHS BUICOJAHHBIX MO ABMKEHHIO IPUMEHSAETCS METO]] ONTHYECKOT0 NoToKa. OH OCHOBAaH Ha TOM,
YTO Ui BHACO(PPArMEeHTa, COJAEPKAIIET0 HEKOTOPbIe 0OBEKTHl B JIBI)KCHHH, MOKHO BBIYUCIHTH HAIIPABICHHE U BEIHIHHY
CKOPOCTH JIBIKEHUS B KXKIO0H TOUKe BUAEOKaapa. VI3BeCTHBI pa3HbIe aITOPUTMBI BRIYUCICHHUS ONTHYECKOTO MOTOKA [8].

B nannoii pabore peannzoBaH quddepeHnnanbHblii METO]] paciyeTa ONTUYECKOTO NMOTOKA, KOTOPBIN MPEIoJiaraeT Bbl-
YHCJIEHUE TPOCTPAHCTBEHHO-BPEMEHHBIX IIPOU3BOAHBIX HHTEHCUBHOCTH. /)1 TOTO YTOOBI MOBBICUTH TOYHOCTh BBIYMCIICHUH,
BCE KaJpbl BUIeo(pparMeHTa MpeaBapuTesIbHO CrIaXXHBaIOTCs ¢ oMolbto ¢unetpa ["aycca. [IpenBapurensHO OCyIecTBIs-
€TCsl BBIJENICHNE KaIpOB U3 BHAEO(parMeHTa, BETHbIE H300paxeHus NpeoOpa3yroTcsi B YepHO-0elble MOJTyTOHOBBIE. ABTO-
psl paboTsl [8] mpeiaratoT NpUMEHsTh, KpOME TPOCTPAHCTBEHHOT'0, TAKXKE BPEMEHHOE CIiIa)KMBaHHE, 2 UMEHHO HCIOJIb30-
BaTh JUI pacyeTa MHTCHCHBHOCTH B TOUKE KajJpa 3HAUEHHs B OJM3KHUX TOYKaX COCEIHMX KaapoB. K coxaneHunto, 3Ta TEXHHKa
JlaeT IpUEeMIIEMbIE PE3YJIbTATHl TOJIBKO B TOM CIydae, €CII CKOPOCTh ABMKEHUSI 0OBEKTOB HA BHACO(PpPArMeHTE HE IPEBbIIIa-
€T OJJHOTO-IBYX TMKCEJIOB Ha KaJp, a 3TO YCIIOBHE JAaJIeKO HE BCET/la BBIMOIHIETCS IS pealbHBIX BUAEO()ParMeHTOB.

Huddepennnanbaas TeXHUKAa BBIYUCICHUS CKOPOCTH B Ka)KAOH TOYKE OMHMPAETCS Ha MPOCTOE MPABUIIO: TIPH IABHXKE-
HUH 00BEKTa MHTEHCHBHOCTH COCTABIIAIONINX €T0 TOYEK HE U3MEHACTCS:

I(x+vdt,t+dt)=1I(x,t), nm @:o,

t t
rne V= (u,v) — CKOpPOCTb TOYKH X = (x,y) , I(X,t) — MHTEHCHUBHOCTH B TOUKE X B MOMEHT BPEMECHH 1.
OT0 mpaBWIO  JaeT OAHO  JIMHEHHOE  ypaBHEHUE [ JIBYXKOMIIOHEHTHOIO  BEKTOpa  CKOPOCTH:

Vl(x,t)-v+lt(x,t): 0,
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t
ol(x,t) ol(x,t
(x.t) , (x.t) ,VI (X,t ) V — CKaJISIpHOE NTPOU3BEACHHUE BEKTOPOB.

ox oy

e VI(X,t) =

HOHOJ’IHHTeJ’IBHLIC OrpaHUYCHHSA MOTYT OBITH IMOJYYCHBI pa3InYHbIMU crocodamu. HaanMep, peaJ’II/ISOBaHHHﬁ B HaCTOHH.Ieﬁ
pa60Te METOA MUHHUMYMa IrpaInCHTa (MeTO,I[ XopHa) [1 1], npeanojaracT riiaaikoe N3SMEHCHUE 3HAYCHUA CKOPOCTHU OT TOYKH K

2 2 2 2
rouce: [Vu()|* +[Vv(x ) =0, um Z_Z v Z_;’ " % +Z_; ~0.

I/ITaK, AJIsL OTIPEACIICHUS BEKTOPA CKOPOCTU HeO6XO,I[I/IMO MUHUMU3UPOBATH MHTEIPAJl

Mviese)-v+1.ex0)) +a(vues)f +[vves)f Jax. )

D

rae D — MHOXECTBO TOYEK H300paXeHus, a (¢ — mapameTp, ONpeeIIOIIUi BEC CJIaraeMoro, OTBEYAIOIIETro 3a I KOCTh
ONTHYECKOTrO I0TOKA. B HacTosmel peanusanuu ucnonssyercs sHadenne o =100, koTopoe B mporecce TecTUpoBaHus I10-
Ka3aJ0Ch ONTUMANIbHEIM.

B pabote [11] moka3aHo, uTo 3amaya MUHUMHU3AIMU HHTerpana (1) CBOOUTCS K PEIICHUIO CIEAYIOIIed CUCTEMBI pa-

BCHCTB:
@+ fu—u)=—1,(u+1,v+1,) 0)

@ +12 412 fo—v)=—1,(u+1,v+1,)

rae U U V— JIOKAJIIbHOC CPEAHEE, COOTBETCTBEHHO, IJISA U , V.

ABTOpBEI METOa MPEUIaTal0T PElIaTh MOJYYCHHYIO CHCTEMY JIMHCHHBIX ypaBHCHUH WTEPAlMOHHBIM METOJIOM, HAIlpH-
mep metogoM [Maycca — 3eiinens. Torna

(1. Gty Goi + 1, Gaiyva i) + 1,(75))
2 +12Gi+ 12 ()

(. Gty i)+ 1, Gt G + 1, 1))
o + 12,0+ 12()i)

un+1(j’i):;ln(jai)_]x(jai)

b

V,,H(j,l'):;n(]‘,l’)—[y(j,l')

b

rae V,(j,i)= (u A J0) v (J.0 )) — 3HAYEHHE BEKTOPA CKOPOCTH B COOTBETCTBYIOLICH TOUKe Kajpa Ha k-il nrepaunm,

VO = O . I/ITepaHI/Iﬂ CBsA3aHa ¢ BPEMCHHBIM IIAroM. I/ITepaTI/IBHOG BBIYHUCJICHUEC ONTUYCCKOI'O IMOTOKA BBIMMOJHACTCA HAa OCHO-

BaHMHU BceX KaJpoB (parMeHTa aisi Oojee TOYHOIrO OIpeAeteHHst ckopocTeld. B oTimuue ot opurmHansHoro merona [11],
JUISL BBIYHCIICHUS MTPOM3BOAHBIX MHTEHCHBHOCTH 110 BPEMEHH M IO KaXXJOH M3 KOOPIHMHAT, BMECTO JIByXTOUCYHOH CXEMBI,

1
MIPUMEHSIIACHh LICHTPAIbHAs S-TOUeYHas pa3HOCTHAsI cXeMa ¢ Ko3(huimeHTamMu E(_ 1,8,0,-38, 1).

[MomydeHHBIH ONTHYECKHUH TTOTOK MCIHOJIB3YETCsl 3aTeM ISl ONpesiesieHus 0ojiee BHICOKOYPOBHEBBIX XapaKTEPUCTHK,
CBA3aHHBIX C IBM)KCHHEM, KOTOPBIE IIPEIHA3HAYCHBI JJI1 HHACKCUPOBAHUS U IIOUCKA BUJCOJaHHBIX.

4.4. BoinesieHue IBHAKYHINXCHA 00bEKTOB

[TpuMeHsieMblid [Tl BBIYHUCIICHHS ONTHYECKOrO MOTOKA METOJ MO3BOJISET, BHIMOIHKUB JHIIb OJHY HTEPALHUIO, Mpa-
BUJIBHO OIPEACINTh HOPMAJBbHYIO COCTABISIIONIYI0 BEKTOpA CKOPOCTH Ha TrpaHHIle 00beKTa N300paxkeHus. 3aTeM, Mo Mepe
YBEIMYCHUS YMCIia UTepaliii, 3HAYCHNE Ha TPaHUIe MPUOIMKASTCS K pealbHOMY 3HaueHH0 ckopoct. C Ipyroi CTOPOHBI,
coryacHo popmyiie (3) B TOUKaX U300pakEHUs C HYJIEBBIM TPATUCHTOM WHTEHCUBHOCTH CKOPOCTh OYJET ONMPENeNIAThCS KaKk
cpe/iHee 3HaueHHe CKopocTer coceTHUX Toyek. CieoBaTeNbHO, C YBEIMYCHUEM YHCIa UTepalluii pa3mep U popMa 00bEKTOB
OynyT nckaxarbcsi. Kpome Toro, HeHyneBble 3HaUSHUSI BEKTOPa CKOPOCTH IMOJIY4aT BCe TOYKH M300pasKeHMUs, IIPHHAIIICIHKAB-
e 00BbEKTY XOTs ObI Ha OJTHOM KaJpe M0CiIe0BaTeIbHOCTH.
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3HauuT, yeM OOJIbIIE YUCIO UTEPALUid, TeM Oojiee MPaBHJILHO ONMPEAENSIOTCS BEIHMYMHBI CKOPOCTEH, HO B TO K€
BpEMsS HETOYHO BOCHPOU3BOJUTCA (bopMa 00BEKTA. HOSTOMy JJI BBIACIICHUSA JABUKYIIUXCA O6LCKTOB OCYIIECTBIIACTCA BbI-
YUCJICHUEC NTOTOKA OTACJIBHO MO IMOCICIHNUM AT KaJipaM 663 ydye€Ta npeablAyumnx, ¢ nocne/:[ylomei& HO[[CTaHOBKOfI B TOYKax
C HEHYIIEBBIMH CKOPOCTSMH PE3yIbTaTOB HTEPATHBHO BEIYMCICHHOTO MO BCEM KaJpaM ONTHYECKOTO IMOTOKa, Kak Ooree asne-
KBAaTHBIX. B IMOTy9eHHOM ONTHYECKOM MOTOKE OYIyT MPEACTaBICHB KaK (opMa IBIKYIIUXCS 00BEKTOB (€CITH TaKOBBIC MIPH-
CYTCTBYIOT Ha BUACO(PparMeHTe), TaK U TOCTATOYHO TOYHBIE 3HAUCHHUS CKOPOCTEH.

HNudopmanns 006 ONTHIECKOM MOTOKE HCIONB3YETCS IS MPOCTPAHCTBEHHOTO CETMEHTHUPOBAHHSA H300paXKCHMUS.
['pymimy pacrmosioskeHHBIX OJIM3KO JPYT OT IpyTa TOYeK, ABIKYIINXCS C IPUMEPHO OAMHAKOBBIMHU CKOPOCTSMHE (WM XOTS OBI
MPUONN3UTENFHO OJHOHANPABICHHBIMHI), MOKHO CYHTATh IBIDKYIIUMCS 00BEKTOM. BrimeneHue obmacTeil MpOMCXOIHT II0
cXeme: JIB€ TOUKH CUUTAIOTCS NPUHAJIEKAIMMU OJJHOMY 00BEKTY, €CJIM OHM OTCTOAT JIPYT OT Jpyra He OoJiee 4eM Ha 3 MHK-
cella ¥ HalpaBJIeHUs CKOPOCTEH B HUX OTJIMYAIOTCS He Ooliee ueM Ha 45°; He MPUHUMAIOTCS BO BHUMaHUe 00J1acTH, pa3Mep
KOTOPBIX mpeneopexumo Mai (< 0.1%) nmubo cnunikoM Benuk (> 30%) OTHOCUTENBHO pa3Mepa Kajapa (B MOCICTHEM Cliydyae
JBIDKEHUE 00JIACTH YUHUTHIBACTCS IIPU OPE/IeNIEHUH II100aIbHBIX XapaKTePUCTHK JBIKCHUS CLIEHbI/KaMepBI).

I[J'I}I BbIJICJICHHBIX O6HaCTeI>i pacCMaTpuBaAOTCd MUHHUMAJIBHBIC OXBATbIBAIOIIUE UX MNPAMOYT'OJIbHUKH. ITomumo mx
pa3sMepoB | PACIIONOKEHHS, ONIPEAeNIASTCS THI IBIKCHHUS, TI0 TOW e CXeMe, UTO | JUIA KApTHHKH B IIEIOM (CM. CIIEAYIOMIHN
paszzen). 11t 5TOro BEIYHCISAIOTCS CPEIHUE 3HAUEeHUS CKOPOCTH B YETHIPEX KBaAPAHTAX ATOTO IPSMOYTOIBHUKA.

3areM BBIYHCIACTCS CPETHUH MOIYITh CKOPOCTH MO BCEM TOYKAM, NMPHHAMISKAIINM OOBEKTY, IUII oOecreueHus
BO3MO>KHOCTH TIOMCKa BUACO(PParMEeHTOB ¢ TpeOyeMoil HHTEHCHBHOCTBIO JABIKEHHS 00BbekTa. KpoMe TOro, BRIYHACINB ONTH-
YEeCKHI TIOTOK HE TOJBKO IJIS TMOCIEIHUX KAApPOB, HO TAKXKe VIS TMEPBBIX U I HEKOTOPBIX MPOMEXKYTOYHBIX, B CIydae IMo-
CTYIATEIHHOTO IBMXCHUS MOXHO OIIPENENIUTh XapaKTEPUCTHKH TPACKTOPHUHU ABIKEHHUS 00BEKTOB. B KauecTBe manmpHeHmero
JTara uccieJOBaHUH pacCMaTpUBaeTCs 3a/1aua ONpeieNICHNs IIPOUCXOASIINX C 00BEKTaMH COOBITHH.

[ocne 006paboTKH 0OBEKTOB UCCIEAYIOTCS III00AIbHbIE XapaKTePUCTHKH JIBU)KEHHMS, JJISl Yero BBIUUCISIFOTCS Cpel-
HHE 3Ha4eHHs BEKTOpa CKOPOCTH B KBaJpaHTaX M300pa)KeHUs M CPelHssI HHTEHCUBHOCTh JBIDKEHUS CLEHBI (0e3 ydera CKo-
pocrteil BBIIETICHHBIX 00BEKTOB).

4.5. XapaKkTepuCcTUKH IBUKEHUSI

[ocne BBIYKMCIEHUS ONTHYECKOTO IMOTOKA B KaXXIOW TOuke BUaeo(parMeHTa, BOZHHMKAeT 3a/adya IMPUBECTH OTH
CIIO)KHBIC JTAHHBIC K TPOCTOW W MPUTOMHON TSI MHICKCHPOBAHUS U TOMCKa dopme. B pabote [1] m3maraercss BO3MOKHBII
CTHI0c00 pemIeHus MPOoOIEeMBI.

B nmanHoit paboTe nmpeanararoTcsi HOBbIE XapaKTEPUCTHKH, BBIYHCIIIEMbBIE HCXOS U3 CPEAHUX CKOPOCTEH YeTBepTer
Buzpeo(parMeHTa. AJNTOPUTMBI MOTYT NMPHUMEHSATHCS JUIS BBIYMCICHUS KakK INIOOANbHBIX, TaK M JIOKAJIbHBIX XapaKTEPUCTUK
BU/ICO: OHM OMPEIEIISIFOTCS OTAENBHO IS KOKIOH MPsIMOYTOJIBHON 00JacTH, colepiKaleil ABMKYIIUICS 00BEKT, a TakxKe
JUTSL BCETO U300pasKeHHUsL.

Co3iana MHOTOYpOBHEBasl KilacCH(UKaIMs BUIEOPPArMEHTOB IO TUILY JIBH)KEHHMS:

1) UnentrdukaTop cXxembl JBHKESHUS

Ha ocHoBaHuM cpefHUX CKOpOCTEHl B KBajJpaHTaxX aHAIM3UPYEMOro M300pakeHusi BhIOMpaeTcs HanOosee Onm3kas
cXeMa JBIDKEHHs, ONpeeNsiomas I KaX/I0ro KBaApaHTa OJHO U3 8 OCHOBHBIX HaNpaBIeHUH ABIKEHUS (C TOUHOCTBIO JI0
45 rpasycoB) UJIH XK€ OTCYTCTBHE CYIIECTBEHHOT O ABIKeHUA. [Ipu onpenenaeHnu cxeMbl yUUTHIBAIOTCS HE TOJIBKO HaIpaBIIe-
HUSI CPEAHUX CKOPOCTEH, HO M COOTHOLIEHHE nX Moxmyneil. Tak Kak B pasHbIX ()parMeHTaX WHTEHCHBHOCTH MOXET CHIIBHO
pa3IMyaThCs, MOpOr, 3HAYEHH HM)KE KOTOPOTO CUHMTAIOTCS HYJIEBBIMH, HE MOXET OBITh YCTaHOBIEH M3HaudasibHO. Ceifuac
TIPUHAT CIEAYIOIUHA aJrOPUTM €T0 BBIYUCICHHUS. 3HAYCHUS] CKOPOCTEH pa3OnThl HA MHTEPBAJIBI SKCIIOHCHINAILHO PACTYIIe-
ro pazmepa. Onpenensercss HHTEpBaJl, B KOTOPBIH MonafaeT HanOobIlee 3HaUeHHE MOYJISl CKOPOCTH, HYJICBBIMH K€ CHHTa-
IOTCSI BCE 3HAYECHUS U3 OCTAJILHBIX MHTEPBAJIOB. B pe3ynbTaTe CKOpOCTH KaXI0TO KBAJPAHTA MEPEBOAATCS B IIEJIbIC YHCIA OT
0 mo 8, uTo mms "eTsIpex KBaApaHTOB AaeT 6561 komOuHanmto. Eciim Ha3BaTh KOMOMHALINIO HACHTU(HUKATOPOM CXEMBL, TO U
MOJYYUTCS TIEPBBI BUJ KIacCU(UKAIMU: CXOXKUMH OyAyT cuuTaThcs (HparMeHTHl ¢ OJMHAKOBBIMU MICHTH(OUKATOpAMH UX
cXeMbl JBWXeHUsa. HecMOTps Ha MpocToTy, AaHHAas METOAMKAa COOTBETCTBYET CEMaHTHKE MHOTUX peajbHbIX 3ampocoB. B
YaCTHOCTH, paclio3HaBaeMbl XapakTepHble (GYHKIMH KaMmepbl (IpHONIKeHne, yraneHue, casur). Hanpumep, nocreneHHOMY
nepexoay K KpyImHoMy IUlaHy OyeT COOTBETCTBOBATh JIBMKEHHUE OT LIEHTPA K YIjlaM BO BCEX YETBEPTAX.

2) JoMuHMpYIOIIee HallpaBlIeHHEe

Wnes — pa3buenne Bcero MHOXKecTBa (PMIBMOB Ha J[Ba KJIacca: ¢ BRIPAKCHHBIM OOIIMM HAIpaBICHUEM JIBIDKCHHS 1
6e3 Hero. C 4enoBeuecKOl TOYKHM 3PEHUS, B MEPBbIA THIT MOMAAOT (pparMeHTsl ¢ KPYIHBIM IUIAHOM U JIBIDKYIIMMCS LICH-
TPalbHBIM 00BEKTOM, a TAK)XKEe SIH30/Ibl, CHATBIC ABHXKYILIEHCS KaMepoH, WK ¢ IBIKeHHeM ¢GoHa. Bo BTopoii — Bce ocraiib-
Hble (parmenTsl. EcrecTBeHHO, A1 (parMeHTOB ¢ JTIOMHHHPYIOIIUM ABHXEHHEM II€JIeCO00OpPa3HO XPaHUTHh HE TOJBKO caM
(axT ero HaJIM4WsL, HO ¥ HANPaBJICHHE, a TAKXKE YHCJIO KBAJAPAHTOB C THM HAIpaBlICHHEM (MOIIHOCTb JOMUHAHTHI).

Brrunciienne mpousBoauTcs mo uaeHTHGUKaTopy cxeMsl. IlpenBapurensHo co3maercs maccuB D[i] (1<=i<=8), Ta-
KO, 4to Juis Kaxnoro i D[i] paBHO 4mcily KBaJapaHTOB ¢ HampasieHueM i. OrnpezeneHue TOMUHHUPYIOIETO HalpaBlICHHs
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IOCTIe 3TOTO CBOMWTCS K HAXOXACHWIO Takoro i, 9ro D[i]|>=3 wmmu D[i]=2 u Vj#i =D[j]<=1. (3rauenne D[i] - MomHOCTH
JOMHMHaHTBI). ECIiM yJOBJIETBOPSIOIIEro STHM YCIOBHSM 1 HE HalIGHO, TO JOMHUHUPYIOILIETO HANPaBICHHS HET.
3) MomHOCTh CXeMBI OIpeaessieTcs Kak KOJIM4eCTBO KBaPAHTOB C HE OJIM3KUMU K HYJIIO CKOPOCTSMH.
4) DOKBHUBaJIEHTHOCTb CXEM C TOYHOCTBIO J0 TIOBOPOTOB

[onnepxxuBaeTcst pa3dueHne Ha HaOOp KIACCOB, KAXKIBIH M3 KOTOPBIX 00pa3oBaH MOBOPOTOM CXEMBI C 0a30BBIM
AACHTU(PUKATOPOM BOKpYT cBoer ocu Ha 0 (OazoBas cxema), m/2, m 1 3m/2. CeMaHTHYECKH KJIACC COOTBETCTBYET HEKOMY
[IEJIOCTHOMY JIBHXKCHUIO, IIOKA3aHHOMY C Pa3HBIX CTOPOH. [10JHOCTEIO COXPAHSIOTCS BCE THITHIHBIC BUICO3(PPEKTHI.

Peanmzanus, opraHm3oBaHHas C MCIIOJNB30BaHHEM OMOIMOTEK KIaccoB, 0OECIEUNBACT BO3SMOKHOCTD HACTPOMKH U
pacuImpeHns Kiaccu(puKaIim.

[pemnoxxenHast kIaccupuKanys 00eCIIedlT pPa3HOCTOPOHHUH MOUCK BHIeodparmeHToB. [lpn Takom momxoxae 3a-
MIPOC CMOXKET 3a/1aBaTh AJISI ICKOMOTO BHICO(PPAarMeHTa YACTUYHO WIIM MOTHOCTBHIO OTPEACTICHHYIO CXEMY JBIDKCHHS, HAJIH-
Yie HEeKOTOPOTO JOMHHHPYIOMIETO HAIllPaBIICHHs, KOJUYECTBO KBAJPAHTOB C HEHYIEBBIMH CKOPOCTSIMH, a TaKXe CTEIICHb
WHTEHCHBHOCTH JIBMKEHHs. [IOHSATHE SKBUBAJICHTHOCTH CXEM C TOYHOCTBIO JI0 TOBOPOTOB ITO3BOJIMUT ONPEJEISTh B 3a1Ipoce
OTHOCHUTEJIbHYIO CXEMY JBHKECHHUSL.

5. Pacnmo3HaBaHue JINIIA

[omp30BaTer0 3MEKTPOHHONW OMONMHOTEKH M300pakeHUH MOKHA OBITH MPEIOCTaBlIeHa BO3ZMOKHOCTh CTPOUTH 3a-
TIPOCHI C UCIOTB30BAHNEM PA3TUYHBIX BU3YalbHBIX CPE/ICTB - B TEPMHUHAX HE TOJNBKO BU3YalIbHBIX IIPUMHTHBOB, HO U BBICO-
KOYPOBHEBBIX 00BEKTOB. [[JI1 3TOTO B TOMCKOBOM 00pase JOJDKEH OTPaxkaTbes (akT MPHUCYTCTBUS HAa M300paKCHUN 00BEK-
TOB HanboJiee HHTEPECHBIX KJIACCOB, a TAKXkKe pa3Mephl U PacloyIoKeHHE Ha KaJape 3TUX 00BEeKTOB. 3ajaya HaX0XIEHHUs Ha
n300pakeHNH 00BEKTOB B HACTOsIEE BpeMs He CTaBHUTCS ritobanbHo. Kak mpaBuio, pedb uaeT 00 00beKTax ONpeIeIeHHOTO
KJlacca, 0COOCHHO MHTEPECHBIX JUUIsl pacCMAaTPUBAEMOW MpPEIMETHOUW o0nacTu. B paMkax naHHON paboOThI pemiaeTcs 3agava
JIOKaJIM3alry (POHTAJIBHOTO BU/A JIMIA YEJIOBEKA Ha HEIOABIKHBIX M300paKEHUsIX / CTON-KaJpax C MOMOIIbI0 HEHPOHHOU
cetu. Mcnosp3oBanne OOJIBIIOTO KOJWYECTBA MOJIOKUTEIBHBIX W OTPULATEIBHBIX NPUMEPOB il 00ydeHus Kiaccuduim-
PYIOIIEro MexaHu3Ma MO3BOJISIET aBTOMATHYECKH TTOJIyYHUTh JTOCTATOYHO TOUYHYIO MOJIeNb 00beKTa. [IpuMepbl cucteM pacro-
3HaBaHU JINIA, UCIIONB3YIOMNX KOHTpoJIupyeMoe odydeHue — [16, 19].

PaspabaTriBaemast cucteMa IPUMEHSAETCS K YepHO-0€IIBIM TTOTyTOHOBEIM H300paKeHISIM.

Ta gacTh cuCTeMBI, KOTOpasi HETIOCPEACTBEHHO OTIpeIeNIeT HAIMIHNe WM OTCYTCTBHE JIUIIA Ha KapTHHKE, TIPHIMEHS-
eTcs K HeOoNpIIoi obnacTn m300pakeHus], pa3Mepbl KOTOPOIl BRIOMPAIOTCA TakK, 9TOOBI B 3TOW 0OJACTH MOYKHO OBLTO OBI
CBOOOHO TIOMECTHTh HEHCKa)XEHHOE JINIIO, U B TO K€ BpeMs YTOOBI BRIYHMCICHHUSA HE 3aHMMaId MHOTO BpemeHH (20 Ha 20
mukcenoB). Ha Beixone BemaeTcs 9ucio, Onmskoe K "1", ecam 3Ta 9acTh KAPTHHKH COICPIKUT JIUIO, U K "-1" B IPOTUBHOM
ciydae.

YToObl OnpenesuTh HAMUUE JHIa Ha W300paKEHHUH, ONMCAHHBIA (UIBTP NMPUMEHSAETCS K KaXIOMY €ro y4acTkKy.
st onpenienieHus JML, pa3Mepbl KOTOPBIX IIPEBOCXOIAT pa3Mepbl BXOJAHOTO M300paXkeHus st GpuiibTpa, KapTHHKY YMEHb-
LIAIOT B pa3Mepax U CHOBA K KAXIOMY YYacTKy IOJIyYEHHOT'O H300paKeHHUs IPUMEHSIIOT GUIbTP M TaK Jaliee, oKa pa3Mepsbl
KapTUHKHM HE YMEHBIIATCS JI0 Pa3MEpoB BXOJHOTO nM300paxkeHHs (uibTpa. MexaHu3M JaeT BO3MOXXHOCTh HAXOAWTH JIUIIA
pasHoTo pazmMepa.

[lepen HemocpenCTBEHHBIM NMPUMEHEHHEM (IIBTPA €r0 BXOJHAS KapTHHKA MPOXOAUT MpeaBApUTENbHYI0 00paboT-
Ky, KOTOpas MO3BOJISIET CeTH paboTaTh ¢ N300pKEHUSIMH HE3aBUCHMO OT MX CpeIHEeH WHTCHCUBHOCTH W OT BIUSHUSI UCTOY-
HHUKa CBETa Ha N300pa’keHHeE.

Pe3ynbraToM BBIMTOTHEHMS ITHX IIAroB SBISETCS MHOXKECTBO oOmacTeil, rae oOHapyxeHsl numa. [locnemuuii stan
COCTOHUT B TOM, YTOOBI OTOPOCHUTH T€ OOJIACTH, TIe OMIMOOYHO OOHAPYKEHBI JINIA, U O0BEIUHHUTE TE, B KOTOPBIX 0OHAPYKEHO
OJTHO M TO K€ JIMLO HECKOJIbKO pa3, YUUTHIBAsI IIPOLIECC MHOTOKPATHOT'O MacIITaOMpOBaHUSI.

Takum 00pa3oM, CHCTEMY MOXKHO Pa3[e/iuTh Ha 2 MOACUCTEMBI: 1) mpenBaputesibHas 00paboTKa U HEHpPOCETEBOM
GUIBTP, KOTOPBIN ISl KaXKA0H 001acCTH MCXOJHOro M300paxkeHust pasmepoM 20 Ha 20 MMKCENOB BBIJAET OTBET, MOATBEP-
JKJTAIOLIMH WM ONpoBepraouuii pakT HaIMYUs JIULa, 1 2) apOuTp, KOTOPBIH 0TOpackiBaeT OMNO0YHO OOHAPYKEHHBIE JIMIIA.
Ha nauHBII MOMEHT peain3oBaHa MepBas MOJCUCTEMA, a TAKXKE MEXaHU3M O0yUEeHHUS CEeTH.

HelipoHHas ceTb TaHHOM CUCTEMBI COCTOUT U3 TPEX CJIOEB — BXOAHOIO U JIBYX YPOBHEH HEHPOHOB. Bekrop nmpumu-

THBOB X e[-1;11*

u3ob0paxenust pazmepom 20 Ha 20. BHyTpeHHHU# ClIoi COCTOUT U3 26 Y3JI0B, YYBCTBUTEIBHBIX K OMPEACICHHBIM 007aCTAM
BXOJIHOTO M300paxeHus. O0nacTu BEIOpaHbI s 00JIerdeHs HaX0KACHHUS XapaKTepHbIX 4epT Jnia. BHemHui ypoBeHb co-
CTOWT U3 OJHOTO Yy3J1a, BEIXOJHOE 3HaYEHHE KOTOPOTO MHTEPIPETHPYETCS KaK HaJIMYNe WK OTCYTCTBUE JHNA. VCronb3yroT-
cs1 OMnossipHbIe QYHKINU aKTHBAIlUH HEHPOHOB [15].

OOydeHue ceTH Ha IPUMEPaxX MO3BOJIAET aBTOMAaTHYECKH HACTPOWTH €€ mapaMeTpsl. Ha BX0J CHCTEMBI 1MOJaeTCst
Hab0p M300pakeHH ¢ M3BECTHBHIM BBIX0AOM (1/-1). Cuctema HacTpanBaeTcs Tak, YTOOBI TaHHOE H300pakeHHe 0TOOpakaTh B
3aganHoe yncio. [Iponecc oOyueHnss OCHOBaH Ha rpaJIMeHTHOM MeTo/e (METO 0OpaTHOTO PacIpOCTPAHEHHMS OIIHOKHN), MHU-

. HOCTyHa}OH.[I/II\/'I Ha BXOJ HeﬁpOHHOﬁ CCTH, ABJIACTCA 3HAYCHUEM CI)yHKI_II/II/I HUHTCHCUBHOCTHU ITMKCCJIOB
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HUMHU3UpYOIEM (QYHKIHUIO OMIMOKH, KOTOpas XapaKTepu3yeT CTENEeHb OTKJIOHEHHUS PEealbHOTO BBIXOJIA CETH OT JKEJIaeMoro,
o BceMy oOyuaromemMy MHOXecCTBY [15]. OOyuaroriee MHOKECTBO COCTOHT M3 JBYX MOJMHOXECTB KapTHHOK. OIHO comep-
KHUT KapTUHKU C JIUIIAMH, pyroe - KapTUHKU Oe3 nuil. [lepBoe MOAMHOXXECTBO T€HEpUPYETCS U3 peaJbHbIX H300pakeHUH,
JMIa Ha KOTOPBIX Pa3IMYalOTCs pa3MepaMu, paclojioKEHHEM, HAKJIOHOM, HHTCHCHBHOCTBIO OCBemIeHMs. Ha kaxmol kap-
THHKE IJ1a3a IOMEYAIOTCsl BPYYHYI0. DTH METKH HCHONB3YIOTCS [UIsl IPUBEACHHS Ka)KAOTO JINIA K OJHOMY pa3Mepy, pacro-
J0’KEHHIO ¥ HAKJIOHY. HopManu3arys BBIOIHSAETCS IIyTEM ITOBOPOTa, MACIITAOMPOBAHMS M CABUTA HCXOIHOTO H300paskeHUS
TaK, 9TOOBI METKH IJI1a3 3aHSUIN NpeJonpeseneHHoe noynoxkenne B okHe 20 Ha 20 nukcenoB. B oOydatomuit Habop Biroua-
IOTCSI KaK CaMM MpeoOpa30BaHHbIE N300pakeHHs, TAK U N300paKeHMs, TIOJTydEHHBIE U3 HUX ITyTeM ITOBOPOTa Ha yroa 5 rpa-
JyCOB TI0 4acOBOM M NMPOTHB YAaCOBOW CTPENKH, TAaKXKe BKIIOYAIOTCS 3€pKajbHBIE OTOOPaKEHUS M MOBEPHYTHIE 3€pKAJIbHBIC
0TOOpaXEHHsI Ha TOT K€ Yrojl. DTO JAeJaeT CUCTEMY paclio3HaBaHHs MHBApUAHTHOM K HEOOJBbIIUM HaKJIOHaM rojossl. O0y-
Yalouii HAbOp MPOXOAMT IPEIBAPUTENBbHYI0 00pabOTKY, Ul YCTpaHEHHUs BIMSHHUS UCTOYHUKA CBeTa Ha n3obpaxeHue. Ha-
00p OTpULIATENBHBIX TPUMEPOB T€HEPHPYETCS CIyYailHBIM 00pa3oM.

YToObl onpeneuTh MOMEHT OKOHYaHUS 00yUEeHHMs1, HCIIOJIB3YETCs IIPOBEPOYHOE MHOXKECTBO (25% OT 0buiero Koiu-
gyecTBa o0yvaronux npuMepos). Heckonbko utepanuii cucrema odydaercs Ha 75% o0ydaronero MHOXKeCTBa, 3aT€M BbIUHC-
JsleTCsl CyMMapHasi KBaJipaTHYHas OIMOKa HA MMPOBEPOYHOM MHOXKecTBe. Takas mpoueaypa BBIIOJTHAETCS JI0 TeX T0p, MOKa
omMOKa MPOBEPOYHOTO MHOXKECTBA HE HAYHET PacTH - TOrja oOy4eHHe 3aKkaH4dMBaeTcs. Takas mporeaypa mo3BoisieT n3de-
XKaTh HACTPONKH CHCTEMBI HCKITIOUNTEIHHO Ha 00ydaromiee MHOKECTBO.

Huis 00yueHHs cucTeMsl OpII0 oAroTOBICHO 500 M300pakeHUH ¢ INIIaMH, U3 KOTOPHIX ObII0 crerepupoBano 3000
npuMepoB Jui. M3 Hux 2250 mcmonp3oBanachk At ooydeHus u 750 mis nposepku. CiydaiftHBIM 00pa3oM OBIIIO CTEHEPHPO-
BaHO 375 m300pakeHN, HE COACPKAIINX JIUIA, KOTOPhIE MCIIOIB30BANUCH U 00ydeHus, M 125, KOTOpBIe COCTaBUIIH TIPO-
BEpOYHOE MHOXkecTBO. [IpenrycMoTpeHo MOBTOpHOE 00yueHHe CUCTEMBl Ha IpuMepax, He COAep KalllUX JIUII, eCJId cHcTeMa
OLIMOOYHO MX BBISBIISIET.

KauectBo 00yueHHs poBepsAeTCS Ha TECTOBOM HabOpe 3ajay, He MepecekaroleMcs ¢ ooydaromiei Beibopkoii. Ilo-
clie TIPOBEJICHHOTO Ha JaHHBIII MOMEHT OOYYEHHs CHUCTeMa MOKa3blBaeT BHICOKHME ITOKa3aTeNd PacliO3HaBaHMs JIML, OJTHAKO
M0Ka BEJIMK MPOLEHT OIMOO0YHOTO0 MX OOHApYKEHUsS. ITO CBA3aHO CO CIIOKHOCTBIO TIOATOTOBKH BCEOOBEMITIOIIETO MHOXKE-
CTBa OTPHUIATENLHBIX TPUMEPOB, HEOOXOJUMOCTBIO HCIIOIB30BAHUS 1Sl 00yUeHHs OOJIbIIET0 KOJMYECTBA IPUMEPOB U C TEM,
YTO [TOKA HE IPUMEHSETCS apOUTpakHasi CHCTEMA.

6. 3akiIroueHue

Co3aeTcst MPOTOTHIT CHCTEMBI, TIO3BOJISFONIEH OCYIIECTBIISATH TOUCK M300paKeHNH M BUACOJAHHBIX B 3JIEKTPOHHBIX KOJIIEK-
IUSIX Ha OCHOBAaHWM BU3YaJIbHBIX aTpuOyToB. HaMu paccmaTpuBaroTcs BONPOCH! pealM3aldi TaKOW CHCTEMBI B KOHTEKCTE
MIPOEKTa CO3JaHus AIEKTPOHHOH Onbnnorekn «Kunoneronucsy Poccun» Ha 6a3e coOpaHUs JOKYMEHTAIBHBIX KHHO(DUIEMOB
Poccuiickoro rocyjapcTBEHHOTO apXuBa KHHO(POTOOKYMEHTOB [4].

Peanuzanusi pa3paOoTaHHBIX AJITOPUTMOB OCYIIECTBIEeHa s u3o0paxkenuid B ¢dopmare Windows device-
independent bitmap - DIB (BMP). Buneo-daiinst oopadbatsiBatorcst B popmare audio-video interleaved (AVI).

Cnucok urepatypsl

1. Ardizzone, E., La Cascia, M., and Molinelli, D.,
Motion and Color Based Video Indexing and Retrieval,
Proc. Int. Conf. on Pattern Recognition, (ICPR-96), Wien, Austria, Aug. 1996.
http://www.cs.bu.edu/associates/marco/publications.html

2. Ardizzone, E., La Cascia, M., Vito di Gesu, and Valenti, C.,
Content Based Indexing of Image and Video Databases by Global and Shape Features, 1996.
http://www.cs.edu./associates/marco/publications.html

3. H.C. baiiraposa, IO.A. Byxmta6
HekoTopble NPUHIMITBI OPraHU3allK TIOMCKa BHJIEOAaHHBIX
IIporpammupoBanue, N 3, 1999, ctp. 165-170

272



4. H.C. Bbaifrapoga, I0.A. byxmrta6
IMpoekr «Kunoneronucs Poccun» : pesicTaBieHe U MOUCK BUACOMH(POPMAIHH
I Beepoccuiickas kondepeHims «nekrpornsle 6ubnuorexu», Cankt-IlerepOypr, 1999, ctp. 209-215
5. H.C. Baiiraposa, }0.A. Byxmra6, H.H. EBTeepa
OpraHuzanus 3IeKTPOHHOH OHMOINOTEKH BUACOMATEPHAIIOB
IIpenpunt UHcTUTyTa Npuknaanoi maremaruku uM. M.B. Kenneima PAH, 2000, N 5

6. H.C. Baiiraposa, I0.A. ByxmTa0, A.A. BopoobeB, A.A. ['opHbIit
Opranuzanus ynpasieHus 0a3aMu BU3yaJIbHBIX JaHHBIX
IIpenpunt UHcTuTyTa MpukiaaHoi matematuku uM. M.B. Kengsima PAH, 2000, N 6

7. H.C. baiiraposa, }0.A. Byxmta6, A.A. I'opHbIif
MeToab! UHAEKCUPOBAHUS U IOUCKA BU3YaJIbHBIX JaHHBIX
[Ipenpunt UHcTHTyTa MpuKiIaaHoi matematuku uM. M.B. Kengsima PAH, 2000, N 7

8. Baron, J. L., Fleet, D. J., and Beauchemin, S. S., Performances of optical flow techniques.
Int. Journal of Computer Vision, 12:1, pp.43—77, 1994

9. Carson, C. and Ogle, V.E.,
Storage and Retrieval of Feature Data for a Very Large Online Image Collection. 1996.
http://elib.cs.berkeley.edu/papers/

10. Chrictel, M., Stevens, S., Kanade, T., Mauldin, M., Reddy, R., and Wactlar, H.,
Techniques for the Creation and Exploration of Digital Video Libraries,
Multimedia Tools and Applications, Boston: Kluwer, 1996, vol. 2.

11. Horn, B.K.P. and B.G.Schunk, Determining optical flow, Artificial intelligence, 17,1981.

12. Jain, R. and Gupta, A., Computer Vision and Visual Information Retrieval, 1996
http://vision.ucsd.edu/papers/rosenfeld/

13. Jain, R. and Gupta, A., Visual Information Retrieval,
Communications of the ACM, 1997, vol. 40, no. 5.

14. Jain, R., Pentland, A.P., Petkovic, D.,
Workshop Report: NSF — ASPA Workshop on Visual Information Management Systems, 1995.
http://www.virage.com/vim/vimsreport95.html

15. Looney, C.G., Pattern Recognition Using Neural Networks,
Theory and Algorithms for Engineers and Scientists, Oxford University Press, 1997.

16. Rowley, H.A., Baluja, S., and Kanade, T., Neural Network-Based Face Detection,
IEEE Transactions on Pattern Analysis and Machine Intelligence, 1998.
and In Proceedings of International Conference on Computer Vision
and Pattern Recognition, pp. 203-208, San Francisco, CA.

17. Smith, J.R. and Shih-Fu Chang. Tools and Techniques for Color Image Retrieval. 1996.
http://www.ctr.columbia.edu/~jrsmith/html/pubs/

18. Sobel, I., An isotropic image gradient operator.
Machine Vision for Three-Dimensional Scenes, pp.376-379. Academic Press, 1990

19. Sung, K-K. and Poggio, T., Example-Based Learning for View-based Human Face Detection.
A.I. Memo No. 1521, December 1994.

20. Wei-Ying Ma, NETRA: A Toolbox for Navigating Large Image Databases. 1997.
http://vivaldi.ece.ucsb.edu/Netra/

273



