NenapTameHT o6pa3oBaHus ropoga MockBbl
FocynapcTBeHHOe GloakeTHOe obpa3oBaTenbHOe
npodeccuoHanbHoe yuypexaeHue ropoga MockBbl

«MonutexHu4yeckumn konneax umenu MN.A. OBYUMHHMKOBa»

NCCIEAOBAHUE U PASBPABOTKA METO/10B
OBHAPYKEHUSA YEJTOBEYECKOI'O JIULIA HA
HUDPPOBbLIX U3OBPAKEHUAX

METOAMUYECKAA PASPABOTKA JIJIS YPOKA
I[TPEITOJABATEJIb
HUKUTUH MUXANJI EBTEHBEBNY



O030p cyLiecTBYHOLWMNX METOAOB
OOHapyXeHnsa YyenoBe4YeCKux nuu.

[eTeKkTMpoBaHMe NULAa Ha N300pPaXXeHUsSIX C KOHTponNupyeMbiM ¢(hoHOM:

AQHHbIM METOA NMOAPA3YMEBAET, YTO AULLO CHATO CPPOHTAABHO HO MOHOXPOMHOM COOHE. YAOAEHUE
JOOHA C MOMOLLLbIO CNELMAABHBIX MPOTPAMM PEAAKTUPOBAHUSA M30OPAXKEHMIM €CTECTBEHHBIM
ODPA30M BbIAEAAET KOHTYPbI AULLAO. DTOT METOA FBAIETCH CAMbIM MPOCTbIM M3 UMEIOLLIMXCA.



D,eTeKTVIpOBaHVIe NMida No UBEeTY KOXW:

OnpeAeAeHne AULQA MO LBETY KOXM — LLUMPOKO PACMNPOCTPAHEHHbIM U
TOXE AOBOABHO MPOCTOU MPUEM ODHAPYXXEHUI AULL. [TOHATHO, YTO OH
MOXXET MCMNOAb30OBATLCH, TOABKO ECAM M30DPAXKEHUA U/UAM BUAEO
ABASIOTCS LLBETHbIMM.

[ToorpammHoe obecnevyeHmne CKAHUPYET KAPTUHKY, OMPEAEAIN 30HbI
TUMMYHBIX AAS LLIBETA KOXXM YEAOBEKA OTTEHKOB, A 3ATEM B ODHAPY>XEHHbIX
30HOX ULLLET XAPAKTEPHbIE KAKOYEBBIE TOYKMU, MPU3HAKM AMLLA (YTOAKU TAQS3,
ry®, KpAmHUE TOYKM HOCA U T.A.).




AeTeKTUpoOBAHUE AULLA MO ABUXKEHUIO:

MeETOA, MCMNOAb3YEMbIN AAT ODHAPYXXEHMSA AULL B BUACODAMAAX. OH OCHOBBLIBAETCS HA
doaKTe, HTO AMLLO B MOTOKOBOM BUAEO OObIYHO HOXOAMTCS B AMHOMMKE (MEpEeABUXKXEHME
4YEeAOBEKA) M MOCTOAHHO M3MEHIETCA (MUMMKA, PeYb). AQHHbIN

NOAXOA PACCMATPUBAET ABMXKEHME B KOAPE KAK CUTHAA K TOMY, YTO ABMXKYLLIMMCSH OOBbEKT
NOTEHLUMAABHO MOXET ABAATLCH AMLLOM. PA3yMmeeTcs, ABUTATbCS B KOAPE MOTYT U ApYyTHe
OOBEKTbI, MOBTOMY B AOKAAM3ZOBAHHbLIX ODAQCTIX (TA€ ObIAO 3AMEYEHO ABUXXEHUE)
NPOrPAMMA AOTIOAHUTEABHO ULLLET CNELMAABHBIE KAIOYEBbLIE TOYKM.
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AeTekTUpOBAHUE AULLO C UCMTOAb3OBAHUEM
CBEPXTOYHbIX HEMPOHHbIX CEeTEeMu:

OOHApYXEHME AMLL 3Q4ACTYIO CTABUT MEPEA
YH4EHBIMU U PA3PADOTIMKAMM ABE B3AMMHO
MNPOTMBOPEYALLIMX APYT APYTY 30AQ4U. C
OAHOM CTOPOHbI, AAT MOKCMMOABHO TOYHOTO
1 6€30LLMOOYHOTO AETEKTUMPOBAHMS AUL
HEODOXOAMMA NEPCNEKTUBHAY MOAEAL TAKOE
peLleHne, BO-NMePBbIX, OOAAAAET OOAbLLIOM
PA3AMYUTEABHOM CMTOCOOHOCTHLIO, A, BO-
BTOPbIX, MOAAEPXMBAET BbICOKYIO
NPOOM3BOAMTEABHOCTb CUCTEMBbI.
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AeTEeKTUPOBAHUE AULLA MO METOAY BHUOABI-AXKOHCAQ:

B 2001 roay y4éHble [1loA Buoaa (Paul Viola) n Mamka AxxoHc (Michael
Jones) NpeAAOXMAUN PEBOAIOLIMOHHBIM METOA ) KOMIMBIOTEPHOIO
OOHAPYXEHMT AMLL. [TDEAAOXKEHHbBIM METOA ObIA HOCTOABKO
ObICTPOAEMCTBYIOLLIMM (CKOPOCTb PAOOTHI MPEBLILLIAAC CYLLLECTBYIOLLIME B
TO BPpEMI METOAMKM B 15 pa3l), NPOCTbIM U HOAEXKHbBIM, YTO AATOPUTM
BCKOpPE OblA BCTPOEH B OOABLLUMHCTBO CTAHAQPTHbLIX OOTOKAMEP. BMOAQ 11
A>KOHC HE CTOBUAM LLEABIO AHAAM3MPOBATHE BCE M30DPAXKEHME LLEAMKOM:
OHU CKOHLLEHTPUPOBAAMCH HO QHAAM3E MPAMOYTOABHbIX (HEPTH
M30DPAXKEHMS, MOCKOABKY OHAAM3 CUTHAOAOB CAOXKHOM JOOPMbI CXOX C
QHAAM3OM BEUBAETOB XAAPA AAA MPOCTbIX MEAHAPOB (CUMTHAAOB
NPAMOYTOAbHOM CDOPMBI).




[NorMeEHIEM METOA
BroAa-AXxoHcCa

NoAy4yaem
KACKOAHYIO MOAEAb
CUABHbIX
KAQCCHMAOMKATOPOB

Noacem Ha BXoA OBAQCTb
M300PaXKEHMS,
i=1,
X= KOAMYECTBO CMAbHbIX
KAQCCHMAOUKATOPOB

MPOM3BOAMM MOUCK AULL HA
BXOAHOM ODAQCTM HA 1-OM
CAOKO KOCKAAHOM MOAEAM

O6bekT oTcyTCTBYET ?

YBEAUYMBAEM 3HAYEHME
CHETYMKA | HA SANHNLLY

MoAQEM HA BXOA HEWMPOHHOM CeTH
PACCMATPUBAEMYIO OOACCTU
M300pPaKEHMS

POPMUMPYEM PELLIEHUNE O
HOAMYUM AMLLA HO AGHHOM
oBAACTU U30BPAXKEHMS




lMouck no ocobeHHOoCcMSAM nuua

paHuUbI 06BbeKTa oTaensaTca oT PhoHa PE3KUM nepexoaom
APKOCTU - KpasiMK, a KaK U3BECTHO YefioBe4YecKoe nNuuo nveet
dopmy annunca v onpeaerieHHbIe NPONopLUUM COOTBETCTBYHOT
cdopme GonbluMHCTBA Noaen. Tak ke BCe YepThbl nMua, Takue
KaK poT, HOC, 6poBM 1 rnasa UMeKT pa3fniniHble YPOBHU
ApkocTun. lNpn pacyete OTHOCUTESIBHO CaMOro nmua MOXHO
caoenaTtb OEeTEeKTOp, KOTOpPbIN OyAeT NnoKa3biBaTb NMOSIOXKeHUe
noTeHUuManbHOro nuua. Tak »xe MCNoONb30BaTb 3TU 3HaHUA AnNA
pewieHna noa3anavm noMcka nuua nocrie cermeHTaumm no
LBETY KOXM.
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MpumeHeHue TexHonorun 3D-CKaHMPOBaHUS NO3BONUAO YCTPAHUTD
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CermeHTAUMSA MO LLBETOBOM
COCTABASIIOLLLEN KOXMU 10
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MeETOAbI MOUCKA AMLL OAHM MO MX BAM3OCTU K
LLIBETOBOMY CMEKTPY YHEAOBEYECKOM KOXM COAMbIE
DACMPOCTPAHEHHbIE METOABI, TAK KOK OHM MPOCTbI B SR
DEAAM3ALNM U OTAMHAIOTCH HU3KMMM 30TPOTAMM HO
BLIYMCAEHMS.

Pa3Hble METOAbI, M3 AGHHOM KATETOPUM, MCTOAL3YIOT
PA3HbIE LIBETOBbIE CMCTEMbI, MOSTOMY MUTOTOBbIM
PE3YALTAT MOXET MEHATLCH, OTHOCHUTEABHO
MCMOAb3YEMOM CUCTEMbI. OCHOBHbIE LLBETOBbIE
CUCTEME B KOTOPbIX YOCTO MCMOABL3YIOT MOMUCK AMLL STO :
RGB m TSL. N i

Chromatic Red

Chromatic Blue




AHOAN3 KOHTYpPOB M306paxeHus

AHOAM3 KOHTYPHOTO M300PAXKEHMSA IBAIETCA OAHMM M3 MPOCTbIX
METOAO0B. OCHOBOM 3TOTO MOAXOAQ CAYXMT NEPEXOA OT OCHOBHOIO
M300PAXKEHUNE K KOHTYPHOMY MPEACTABAEHUIO MOCTPOEHHbIX
NOUMEHEHMEM K MCXOAHOMY M30OPAXKEHMIO PA3AMYHBIX CBEPTOK TAKME
kKak Cobead, KaHHU 1 AanAaca. [TocAe npUMeEHEHMS MNPeoBpPA30BAHMM
MNPOMCXOAMT HEOOABLLIAS OMNTUMMIALINGA M3OOPAXKEHMIM C LLEABIO
YMEHbLLEHMS 3QTPAT HO AQABHEMLLIMM MOMUCK AMLL. [TPOMUCXOAMT
CY>XEHUE KOHTYPOB.

[TOMCK AMLLO OObIHHO OCYLLLECTBASETCS MO OAHOM M3 ABYX CXEM,
MCMOAb3YIO Npeobpa3osaHme Xadoa (Hough), no3soadoLLee
ONPEAEAUTE HOAMYME DAAUMTUHECKMX KOHTYPOB. AMBOO
MCMOAb3OBAHMEM LLIQOAOHOB.



[IpuMeHeHne KAOQCCUPUKATOPOB

AQHHbIE METOAbI MPOUMEHSITCH AAS PELLEHNS
OOLLLEM 30AQ4YM — PACTO3HABAHMS, KOTOPYIO
MOXXHO QAQMTUPOBATbH AAR PELLIEHMSA 30AQYMU
MOMCKA AULL HO M30DPAXKEHMS.

KAaQCcCcrnapumkauma — 30AQ4A OMPEAEAEHMSA K
KAKOMY M3 30AQHHbBIX KAQCCOB COOTBETCTBYET
00ObeKT. KAQCChI 30AQI0TCA HODOPOM M3
KOHEYHOTO KOAMYECTBA OOBLEKTOB [Tprmep,
OMNPEAEAUTL IBAIETCH AWM OOBEKT PACTEHUEM. B
ACQHHOM 30AQ4E (CUABHBIMY) NMPUMEP, ONPEAEAUTD
MNPUHAAAEXKHOCTb YHEAOBEKA K MOHTOAOMAHOM
pace. KAacCcmdomkaTopaMM MOTYT BbICTYMNATb
PA3pPE3 TAA3, HEBBICOKMM POCT, TEMHbIM LIBET
KOXXM

SKCNEPTHLIE CHCTEMBI, peluarluMe 3aa4u
Pacrno3HasaHnus CUTYauni, HasblBaKTCH
KNACCUhMUMPYIOLLIMK, NOCKO/NBKY ONPEAENAIoT
NPUHAANEXHOCTE AHANU3NPYEMOW CHTYaUMUK K
HEKOTOPOMY Knaccy. B Kayecrse OCHOBHOIO
MeToAa (hopMUPOBaHKA pelUeHui

MCNONL3YETCA METOA NOTHYECKOro
AEAYKTUBHOIO BbIBOAA (OT OBLUEIO K YACTHOMY),
KOrAA NyTeM NoACTAHOBKM MCXOAHBIX AAHHBIX B
HEKOTOPYIO COBOKYNHOCTL B3aMMOCBA3AHHBLIX
0BLMX YTBE PXACHWI NOMYHABTCA YacTHOe
3aKnoYeHue.




MyAbTHAETEKLMUA AUL,

B ©OABLLIMHCTBE QATOPUTMAOX OBOHAPYXXEHUS AUMLA MPU PELLEHMM
30A0491 AETEKLMU AMLLO OYAET NPUCYTCTBOBATh OAHC MPOBAEMA —
MYABTUAETEKLMS AMLLA T.€. KOTAQ HO OAHOM YHOCTKE M30DPKEHMM
NoXoXee HA AMLLO MPOUCXOAMT HECKOABKO CPABATLIBAHUI AETEKTOPC
NP CMELLLEHUU MAU MACLUTABUPOBAHME MPOCMATPUBAEMOTO OKHA.

B OOABLLUMHCTBE CAYHOEB MYALTUMAETEKLMA BOZHUKOAET MMEHHO HA
AMLLAX, KOK NMPABUAO AOXKHbIE CPADATLIBAHMA AETEKTOPA
eAMHUYHBbIL. [1on BbIDOPE B AETEKTOPE ONTMMAABHOE 3HOYEHMS
4YYBCTBMTEABHOCTH, MPU KOTOPOM MYABTUMAETEKLIMA HO AMLLOX ByaeT
MOKCMMAABHA, U MNP STOM BEPOATHOCTb MNMOJIBAEHME
MYABTUAETEKLIMM HO AOXKHbIX CPOOATbIBAHMAX ByaAeT
MUHUMOAABHOM, AOET BO3MOXXHOCTb MCMOAb3OBATH
MYABTUAETEKLIMIO AAT OTCEYEHUA AOXKHbBIX CPAOATLIBAHMM.




[MpeoOpa3oBaHUE U30OPAXKEHUM

= [aantpa «CAoOM» UCMNOAB3YETCSH AN CO3AAHMS, KOMUPOOBAHMS,
OBObEAMHEHMA U YAQAEHMA CAOEB, Q TAKXKE AAS CO3AQHUS CAOU-
MQACOK.

= Maantpa «KaHaAb MO3BOASET TAKXKE YNPABAITh OTOOPAXKEHMEM
OTAEAbHbIX KOHOAOB HA KPAHE, AEAQS MX BUAMMbBIMU UAM
HEBUAMMBIMM.

= Maautpa «(An3amH» MNPOEACTABASIET COOOM MAQHLLIET, KOTOPbIM Bbl
MOXKETE MCMNOAb30OBATL AAS MOOM3BOABHOIO CMELLIMBAHMS LIBETOB.

A TAOK XK€ CYLLECTBYET PSA ARYMX MAAUTP.
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BbIBOA

PA3pa00OTAHHbIM AETEKTOP MPEACTABAJET COOOM CTATUYECKYIO
Windows- OUMOAMOTEKY, COAEPXKALLLYIO BECb HEODXOAMMbIN
OYHKLUMOHAA AAF PA3PABOTKM MPUAOXKEHMM MO ODHAPYXKEHMIO
YEAOBEYECKMX AMLL.

[10 PE3YABTATAM TECTUPOBAHUA, METOA NMOKA3AA HE MAOXME
PE3YALTATbI MO KAYECTBY HA MPOOHOM TPEHUPOBOYHOM MHOXKECTBE!
80% AML, C PA3HBIMKM PAKYPCAMM, C PA3ZHBIMM CAOXKHOCTIMM, TOKME
KAK LLBET KOXXM, HOAMYME OYKOB 1 OOPOAbI.

[Tor HEBGOABLLIOM MOANCOUKALLMM METOAQ MOXHO MOAYYMTb
PACMO3HABATEAb TEKCTA HA M300PAKEHUM.



