KannOpumna — [IprHIMTBI TOCTPOCHHUS KA KOHTPOJIS IPU BU3YaJIbHON KaInOpOBKE

MaTepuan npeaHasHauyeH, Kak AOMNOHUTENbHAA cnpaBoYHas MHbopMauus K nporpamme Calibrilla
MpUHLUNbI NOCTPOEHUA LKA KOHTPOJIA NPU BU3yaZibHOM KannbpoBsKe:

CTaTbA NOJIHOCTbIO NOACHAET NPUHLMMbI MOCTPOEHUSA BU3YasibHbIX TECTOB KOHTPO/IA NpU
Kannbposke LUT Bnaeo agantepa. B Hell KpaTKo M310XKEHO, UYTO TaKoe BUAUMbINM LBET A48
Habato4aTens, Kak YCTPOEHO Halle 3peHne U Kakme U3 ero 0CoO6eHHOCTEN Ier1M B OCHOBY Hallei
NPOrpammbl BU3yanbHOM KaMBPOBKM MHOTOMOHUTOPHbIX BUAEO CUCTEM.

BcrynneHue:

LiBeT - 3TO BM3ya/ibHOE OLLyLLLEHWE, BO3HUKAOLLEE ¥ HabatogaTens —yenoseka. OH NpoaBaseTca npu
HasnuMm TpEx GaKTOPOB MMEIOLLMX PasHY0 Npupoay (usmnyeckyto, XuMmMKo-dpur3nyeckyto,
6uonornyeckyto):
onopHoro 6enoro ceeta - GOHOBOIO CBETA (MMELOLLEro BOJIHOBYIO NpUpoay U dusmnyeckme
XapPaKTePUCTUKU UCTOYHMKA U3NYYEHUA), NPOXOAALLErO Yepes ONTUUYECKYHO CPpeay N OTPaXKEHHOTO
OT NPeAMETOB cpeabl;
LBETOBOrO CTUMYJIA - CAMOM cpeabl, Yepes KOTOPYHO NPOXOANT ONOPHbIN 6enblit CBET UK OT
KOTOPOM OH oTpaxKaeTtcs (byay4m YacTUYHO NOTNOWEHHBIM UAN YCUNEHHBIM GU3UKO-XMMUYECKUMMU
CBOMCTBAaMM Cpefbl, ONOPHbIN CBET MEHAET CBOW CMEKTPAJIbHbIE XapaKTEPUCTUKM);
HabalopaTena, KOTopbI BOCMPUHMMAET CNEKTPabHbIM LBET cpenbl, 06pa3oBaHHbIN pPa3INYHbIMU
no cBoel NpMpoae LUBEeTOBbIMU CTUMYIAMM M OMOPHbIM BelbiM CBETOM UCTOYHUKA U3/TyYeHUs, B
Hawem cnyyae HabntogaTenem—4enoBekom (B Kavectse HabaogaTeNs MOXKET BbICTYNaTb U
TEXHUYECKOE CPEeACTBO — CBETOUYBCTBUTE/IbHAA MaTpULA CKaHepa uan doToannapaTa).

Cy6beKTUBHO BOCMPUHMMAEMbIN 3pEHUEM LLBET N3/Iy4EHNA 3aBUCUT HE TOJIbKO OT €ro CNeKTpa, HO 1 Aake
OT NCUX0PM3MOIOrMUYECKOro COCTOAHMA YeN0BEKA, Ha KOTOpoe BAMAIOT GOHOBbLIN CBET U LIBET, ero LBeToBas
TemnepaTypa, 3puTenbHas aganTtaums, a Takxe oT cneymduyeckux CBOMCTB MHAMBUAYANbHOTO rnasa. K
cneundmrKe 3peHns MOXKHO OTHECTU HaNMUYME UCKAXKEHWU, BbI3BAHHbIX 4a/IbTOHU3MOM U MP. CAy4asmm
OT/INYUSA 3PUTENBHOIO OLLYLLEHUS OT CPEAHECTAaTUCTUYECKON HOPMbI, BbI3BaHHbIE U3MEHEHMAMM
du3nonornm rnasa, Kotopble NPMUBOAAT K UCKAXKEHUIO BOCNPUATUA.

CnocobHOCTb 4eNOBEYECKOrO 3pEeHMNA aAanTMPOBaTLCA K PasHbIM YC/I0BMUAM OCBELLEHHOCTM U Pa3HOM
CMEeKTpanbHOW cocTaBAAowWwen BaMMoro ¢oHoOBOro ceeTa (CM. L,BETOBasA afanTaums U LBETOBOE
NOCTOSIHCTBO, HUM(e M0 meKcmy), NO3BOAAET NP BOCNPUATUN LBeTa 06BbEKTa KnaccuouumposaTb LBeTa U
BMAETb UX UAEHTMYHO MPM Pa3HON OCBELLEHHOCTU (CM. MeTamepusm). 3To, B CBOIO oUepeab, BANAET Ha
CnocobHOCTb YeN0BEKa C BbICOKOW TOYHOCTHIO Pas3/ivnyaTth LiBETa U OTTEHKWU, BOCMPUHUMATb
axpomaTuyeckue (NNWEHHbIe LLBETOBOM COCTaBAAIOLLEN) U XPOMATMUUYECKME LiBETA NPU PA3HOM UCTOYHMUKE
ocBelLeHuA. B 3apybekHoMN anTepaTtype 3To CBOMCTBO 3peHUs BCTPEYaeTca Noj TEPMUHOM LiBETOBOE
NOCTOAHCTBO (color constancy) BU3yanbHOrO BOCNPUATUA WM XPOMATMYECKaa aganTauusa — 0cobeHHOCTb
3peHKnn YesI0BEKa CHMTATh LBET 06beKTa NOCTOAHHbLIM, HECMOTPA Ha CMEHY yCN0BMIA npocmoTpa. Ecam Bce
LiBETa CHOXKETa U3MEHATCA B O4NHAKOBOM Mepe, r1a3 CKNAOHEH NPUMNKUCbIBATb 3TO CMEHe UCTOUYHMKA CBEeTa U
WrHOPUPOBATb U3SMEHEHWE LLIBETOB. MIMEHHO 3TO AeNaeT BO3MOXKHbIM MCNO/b30BaTh 3peHMe YeoBeKa ann
BW3Yya/ibHOM KanMBPOBKM YCTPOMCTB LBETOOTOBPAXKEHMS.

Ha yHWKanbHOM cnoCOBHOCTN YesioBeYEeCKOro 3peHnsA CPaBHUBATL LBETOBbIE CTUMYJ/IbI MeXKAay coboin n
YPaBHMBATb UX C BbICOKOM TOYHOCTbIO MOCTPOEHbI U HallM BU3Yya/ibHble TECTbI, FAe YeN0BeYeCcKUi rnas
CpaBHMBAET Y4acTOK C paBHOMEPHbIM LLBETOM C y4acTKOM, 06pa30BaHHbIM TEKCTYPOI, COCTOALLEN 13
HEeCKo/IbKMX LBeToB. [pu 3TOM ABa uBeTa, 0bpasylowme paBHOMEPHYIO TEKCTYPY OA4HOro M3 Nnosei TecTa,
ABNAOTCA MO0 B3aMMHO AOMNOJAHUTEIbHBIMU (KOMMJIEMEHTAPHbBIMW MW BbI3bIBAOLLMMM OLLYLLEHUE
LLBETOBOro KOHTPAcTa) XPOMaTUYECKMMM LiBETaMUN NN aXPOMaATUYECKMMM KOHTPACTHbIMM MO OTHOLLIEHUIO
APYr K Apyry TOHaMW Cepolii LWKabl (TOHOBOM KOHTPACT). OHU (MX LBETOBbIE KOOPAMHATbI U B3aMMHasn
naowanb NOKpPbITUS) BbIBpaHbl B TEKCTYpe B onpeaeNéHHOM NPonopLmMn No OTHOLIEHWIO APYT K APYrY, U
ABNAIOTCSA PABHbIMM NO TOHY M LBETY APYroMy Moo BU3yasbHOro Tecta, 06pasoBaHOMY OAHUM
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axpomMaTMUEeCKMM LIBETOM (HO MOTYT BbITb TECTbI, FAE UCMO/b30BaHbl U XpOMaTUUYECKME JIOKa/IbHble LBeTa).
Mpu 3TOM MmaTemaTU4YeCcKK 0ba y4acTKa TecTa pacCUUTbIBAKOTCA COracHO ramma-¢pyHKLUM, KOTOpas, B CBOIO
ouyepefib, ypaBHUBAET SIHEPreTUYECKYo APKOCTb NPU 0TOBPaXKeHMM LBeTa Ha MOHUTOPE C BOCMPUATUEM
APKOCTN YENIOBEKOM.

LiBeToBOE 3peHue:
YHUKanbHAaa cnocobHocmeo Yesno8e4yeckozo 3peHua adanmuposameca K yCnosuam oKpyxcarouweli
cpedsl, U npu 3Mom pasauvyame U CpasHUBAMb Usema U OmmeHKU, A8Uaacs ocHosol 0414 pabomel
C Usemom, e20 co2/1GCO8AHUA 8 annapamHo-npozpammHoli cpede.

B rnasy yenoseka coAeprKaTtca ABa TMMa CBETOUYYBCTBUTENbHbIX KIETOK (peuenTtopos):
BbICOKOUYBCTBUTE/IbHbIE NANOYKN, OTBEYaloLLME 33 CymepeyHoe (HOYHoe) 3peHmne, U meHee
YYBCTBUTENbHbIE KONBOUYKM, OTBEYalOLWME 33 LBETHOE 3peHue.

B ceTyaTKe rnasa yenoBeKa ecTb TPU BMAA KONOBOYEK, MAKCUMYM YyBCTBUTENbHOCTM KOTOPbIX MPUXOAMUTCA
Ha KpacHbI, 3eNEHbIN M CUHWIA Y4ACTOK CMEKTPa, TO eCTb COOTBETCTBYET TPEM «OCHOBHbIMY LiBeTam. OHM
obecneynBatoT pacnosHaBaHMeE TbICAY LLBETOB M OTTEHKOB. KpuMBble CNeKTPanbHOM YyBCTBUTE/IbHOCTU TPEX
BMA0B KOJIBOYEK YAaCTUUYHO NEPEKPbIBAOTCA, YTO Bbi3blBaeT apPeKT meTamepun. O4eHb CUNbHbIN CBET
BO3bY)KAaeT Bce 3 TMMa peLenTopos, U NOTOMY BOCMIPUHUMAETCA, KaK U3nyvyeHue cnenswe-6enoro LseTa.
Pa3Hylo cTeneHb CMeLLeHNA CNeKTPasibHbIX XapaKTEPUCTMK, BOCMIPUHUMAEMbIX K/eTKaMK CETYATKU rNas3a,
Mbl BUOMM KaK XPOMATUYECKME UNM axpOMaATMYECKME LiBETa.

PaBHOMepHOe pasgpaxeHune Bcex TPEx 3N1eMeHTOB, COOTBETCTBYOLLEee cpeHEeB3BELEHHOMY AHEBHOMY
CBETY, TaKKe BblI3bIBaET OLLyLLeHNe 6enoro ugeTta. TPEXCOCTABHYIO TEOPUIO LBETOBOMO 3pEHUA BNepBble
BbiCKa3an B 1756 rogy M. B. JlomoHOCOB, Korga nucan «o TPEX maTtepmax AHa OKa» B CBOEM Tpyge «O
npoucxoxaeHunu ceeta». CTo 1IeT cnyctsa eé pa3sBu HemeLKnii yuéHbln I'. Fenbmrosibl,. MapannenbHo
CyLLecTBOBasa ONMNOHEeHTHas Teopua LBeTa dBanbaa FepuHra. Eé passuau Aasma Xbto6 (David H. Hubel) n
TopcTeH Bansen (Torsten N. Wiesel). OHu nonyunnu Hobenesckyto npemuio 1981 roaa 3a cBOE OTKpbITHE.

OHW NPeAnoNoKUAN, YTO B MO3T NOCTyNaeT MHPopMaLMa BOBCe He 0 KpacHom (R), 3enéHom (G) 1 cuHem
(B) usetax (Teopus useta OHra—lenbmronbLa). Mo3r nonyvyaet MUHGOPMALIMIO O pasHULLE APKOCTU — O
pasHuLe spKkocTu 6enoro (Ymax) n yuépHoro (YMUH), 0 pasHuLe 3enEéHoro u KpacHoro useTtos (G—R), o
pasHuLe cnHero 1 Xéntoro usetos (B — yellow), a »kénTbili uBeT (yellow = R + G) ecTb cymma KpacHoro u
3en1€HOro uBeTos, rae R, G n B — ApKOCTM LLBETOBbLIX COCTaBAAOWMX — KpacHoro, R, 3enéHoro, G, n cuHero,
B.

Nmeem cuctemy ypasHeHUn — Ku-6 = Ymax — YmuH; Kgr = G — R; Kbrg =B — R -G, rae Ku-6, Kgr, Kbrg —
byHKUMKM KoaddurumeHToB banaHca benoro gnsa ntoboro oceeLeHms.

MpaKTUYECKM 3TO BbIPAXKaeTcA B TOM, YTO JIOAN BOCAPUHMUMALOT LBET NPEAMETOB O4MHAKOBO MPU PasHbIX
MCTOYHMKaX OCBELLEHMA - LiBETOBAA aAanTauus.

MeTtamepua upera:
Ha memamepuu ocHo8aHO socnpou3sedeHue ysema 8 noauzpaguu, pomozpaguu, KUHO,
menesudeHuu, xusonucu. baazodaps eli U3 cmecu PasHbIX M0 XaPAKMEPUCMUKAM CIIEKMPAsbHO20
noaaoweHus Habopos nuaMeHMos (Uau PasHsIX MO CreKmMpy ussay4eHus Habopos AHMUHOPOPOs 8
cryqae ¢ mesesu3opamMu U MOHUMoOpamu) moaym bsimes cocmasseHsl ygema, 80CPUHUMaeMble
2/1030M, KOK 0OUHAKo8bI€.

MeTamepua — CBOICTBO 3peHMs, MPU KOTOPOM CBET PA3/IMYHOIO CNEKTPA/IbHOTO COCTaBa MOMKET BbI3blBaTb
oLlyleHe 04MHAKOBOIO LiBETa.

e B 6osee y3Kom CMbIC/ie, METaMEPUEI HA3bIBAIOT AB/IEHME, KOTAA 4,Ba OKpalleHHbIX 06pa3ua useTa
BOCMPUHUMAIOTCA OAMHAKOBbIMW NOA, O4HUM UCTOYHMKOM OCBELLEHUA (MMEIOT O4HY OKPACKY), HO
TepAT CXOACTBO NPU APYIUX YCI0BUAX OCBELLEHMA (C APYrMMU CNEKTPaNbHbIMU
XapaKTepucTMkamm Usny4yaemoro cseta).
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e  CMHOHMM 3TOro CNOoBa, MeTamepusm — peako MCI'IOJ'Ib3VEMbIﬁ TEPMUH, Ka/ibKa C aHrMMACKOro
cnoBa.

®dun3nMonorMyeckn metamepms 3peHNa OCHoBaHa Ha CTPOeHUKU nepudepruyeckoro oTaena 3pmuTebHoOro
aHanusaTtopa. Y yenoseKa aTy GpyHKLUUM BbINOAHAET CETYATKA, B KOTOPOM 3a BOCNPUATME L,BETA OTBEYAIOT
0cobble KNeTkN — KobouKM. KarKablit BUA KONBoUEK MHTErpUpYeT NOCTYNaoLLYH YYUCTYIO SHEPIUIO B
[AOBOJIbHO LIMPOKOM AManasoHe 4JIMH BOJH, U AMAana3oHbl YyBCTBUTENbHOCTU TPEX BULAOB KONbouek
nepeKpbIBatOTCA, Pa3INYAAC WLLb ANATPAMMOI BEANUYMUHBI YYBCTBUTEIbHOCTM.

Yenoseyeckoe 3peHne ABNAeTCA TpéXCTMMyanbIM dHa/IN3aTOPOM, TO €CTb CNEKTPAJ/IbHbl€ XapPaKTEPUCTUKN
LBETa BbIpaXatoTcA BCEro B Tpex 3HayeHuAX. Ecam cpaBHMBaemble MOTOKM U3J1lydeHUA C pa3HbIM
CNeKTpasbHbIM COCTaBOM NPOnN3BOAAT HA KONBGOYKM OANHAKOBOE ,CI,EI\;ICTBVIE, LBE€Ta BOCMNPUHUMAIOTCA KaK
O4WHaKOBble.

Bnarogaps nccnenoBaHUAM U HabAOAEHUAM, NPEAN0AAratoT, YTO B }KMBOTHOM MMpPE MOTYT CYLLLECTBOBaTb
YeTbIPEX- U AaxKe NATUCTUMY/IbHbIE LBETOBbIE aHaIM3aTOPbI, ¥ YTO LBETA, BOCNPUHMMAEMbIE YESIOBEKOM
OLMHAKOBbIMM, }KMBOTHbIM MOTYT Ka3aTbCsl pasHbiMU. Bce TEXHUYECKME CPeACcTBa CYUTLIBAHUA U
BOCMpPOU3BEAEHMSA LiBETA CO34aHbl OTHOCUTE/IbHO YE/I0BEYECKOTO BU3Ya/IbHOTO 3PEHNA U AJ15 Ye/I0BEKA.
MoxosKan CUTyaLmMa CKAaAbIBAETCA U C CUCTEMAMM PernmcTpaumnmn n3obpaxkeHui, Kak LMGpPoBbIMU, TaK U
aHaNoroBbiMu. XOTA B 6ONbLIMHCTBE CBOEM OHU ABAAIOTCA TPEXCTUMYIbHBIMM (TPU CIOA 3MYIbCUK
GOTONNEHKM, TPU TMNA AYEEK MATPULbI LMbpoBoro poToannaparta UamM CKaHepa), UX MeTamMepus OTIMYHA
OT MeTaMepuu YeNI0BEYECKOTo 3peHus. MoaTomMy LBeTa, BOCMPUHMMAEMbIE 1a30M Kak O4MHAKOBbIE, HA
¢doTorpadmm moryT nosyy4aTbcs pasHbiMU. MO3TOMY CYLLECTBYET COI/IaCOBaHNE, 3aKpenéHHOE U
onncaHHoe B COOTBETCTBYIOLLMX CTaHAAPTaX NPM HAacTPOIMKe CMCTEM KOHTPOIA LBETOBOCMNPON3BEAEHMA U
oTobpaxkeHus.

OT npupoAbl ABNIEHUA K NPAKTUYECKOMY NPUMEHEHUI0:

B cnyyae c oTpaxKeHHbIM UAU MPOXOAALLMM Yepes Npo3payHblie OPUTMHaA/bl CBETOM, BO3HUKHOBEHME
OLLYLLEHMA O4MHAKOBOIO LBETA NPU UCNOb30BAHMM Pa3HbIX HAOOPOB NMUTMEHTOB 3aBUCUT OT OCBELLEHMS.
OTpaskeHHbIN UM NPOXOAALLMIA CBET YACTUYHO NOT/IOLLAETCA MUFMEHTOM, HO KOHEYHbIN CNEKTP
BOCMPUHMUMAEMOTO I/11a30M CBETA 3aBUCUT HE TOJIbKO OT XapaKTEPUCTUKM MUTMEHTA, HO U OT
XapaKTEPUCTUKM UCTOYHUKA OCBeLLEeHUA. M3-3a 3Toro Asa obpasua, BOCNPUHMMAOLLMECA OL4MHAKOBbIMM
npv 4AHEBHOM CBETe, MOTYT Pa3/inyaTbCA Ha r1a3 NpPU UCKYCCTBEHHOM OCBELLEHUN.

MPUHUMN MeTamMepumn NPUBOAMUT U K TOMY, YTO NPU MOHOXPOMATUUYHOW NOACBETKE HEKOTOPbIE LiBETa
TepAT HaCbILWEHHOCTb. B noaurpadmm n NpombIilWIEHHOCTU pacyeT LBETOBbIX pa3inunii (aenbTta E) npu
MeTamepuu, Koraa ABa LiBeTa Npu OAHUX YC/I0BUAX OCBELLEHUS MOTYT Ka3aTbCA O4MHaKOBbIMU, a NpU
APYTUX — Pa3HbIMU, MOKET BbITb MPOBEAEH C MOMOLLIBIO CNeLManbHOro matemaTmyeckoro obecrneyeHus.
Mporpammbl MO3BOAAOT KOMNEHCUPOBATb MCKaXKeHUA 3pUTENbHOMO BOCMPUATUA OT MeTaMepuu npu
pacyeTax LBETOBbIX Pas/iMuuii B creayrowmx cuctemax KoopauHat: dE*CIELAB, dE FMCII, dE CMC, dE*94,
dE*2000.

dE (CIELAB 1976)=KOPEHb((L-L)*2+(a-a’)A2+(b-b")A2)

Mpy co3gaHnm BU3yanbHOro Tecta bbl1 MCNOIb30BaH NPUHLMN MeTaMepHOCTH, rae ABa obpasiia LBeToB,
COCTOSILLMX U3 pasHbIX N0 Habopy 6a30BbIX LLBETOB, BLICTYMU/IN B POAN METaMepHOM Napbl U YPaBHUBAAUCH
BM3ya/IbHO NpY oNpeaenéHHbIX LLes1eBbIX YC/TOBUAX KaNMBPOBKK. Mpu 3TOM MexKay coboi cpaBHUBANUCD
TEKCTYpPHbIE NAALWKKN, COCTOALLME U3 HECKO/IbKUX TaKMX 6330BbIX LIBETOB, M TEKCTYPHbIE NALLKMU C
paBHOMEPHbIMM MO LBETY NAaWwKamm. TEKCTYPHbIe NAALIKKW BbIrIAAAT, Kak Nosacatas ropM3oHTaIbHan
«3ebpa», rae yepeaytotca 6asoBble LBeTa, eé obpasytowme. Npyr 3TOM PUCYHOK Myapa M NPONOPLMA OAHUX
LBETOB NO OTHOLIEHMIO K APYrMM MOXKET 6bITb U MHOK. B Hawem ciyyae BbibpaHa nponopuma 1:1, 1.e. %
OAHOTO LiBeTa 1 % ApYyroro UBeTa y4acTka C MyapoM NPUpPaBHEHbI MO LBETY M TOHY MNJallKe ONMCaHHOM
OAHWM LIBETOM NPW Haya/ibHbIX LLeNeBbIX YCA0BUAX KaNMBPOBKMU: 3a4aHHOMN LIBETOBOW TemnepaType
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OMNopHOro 6e0ro LBeTa, IHEPreTUHEeCcKon APKOCTH A/1A ToUYeK 6enoro n 4EpHoro, PyHKLMM ramma-
KoMMeHcaumu.

MpuceanBaem ogHOMY 3HaYeHUIo, (:=) NHOe Ha3BaHMe, ANA YNPOLLEHMA MAaTeMaTUYECKOM 3anmncK.

Famma ¢pyHKLMA (Yy:=Gamma) ypaBHMBAIOLW,AA BOCNPUATUE SHEPTreTUYECKOM APKOCTU YenoBekom (Yout), oT
NnogaBaemoro BXoAHOro HanpsxKeHus (lin:=Xin)

Mpun aTOoM NoAYYUM Cneayrollee PaBeHCTBO:

Output=(f input)*Gamma,

roe (f input)*Gamma=Max*((Xin/max)*Gamma)

NpY MakCMMabHOM LieHe WKanbl (Max:=255 n max:=255 Ansa BTOPOM Y4acTu BbiparKeHus, B cayyae, ecam
«WP»=0, a «BP»=255) KoTOpas, B CBOIO ouepeb, MOXKET U3MEHATLCA NPU N3SMEHEHUM 3HAYEHN I ANs
AMana3oHa M 06pasyloLLMX ero KOHEUYHbIX TOUYeK LWKanbl — «BP» (Touka yépHoro) u «WP» (Touka 6enoro) —
napameTpoB, 3aBUCALLUNX OT MHCTPYMEHTA/IbHOM HACTPOMKM M3 SKPAHHOTO MEHIO MOHUTOPA, UMK XKe
cpeacTBamu ynpaBaeHUs Nporpammsbl a8 MHCTPYMEHTOB: KYPOBHSA YEPHOro» (NOACBETKN), K APKOCTUY U
KKOHTpacTa».

Mpu 3TOM, NoJIEe NONOBUHHOMN APKOCTM MOHUTOPA, EC/IN UCMO/1b30BaTb KOHEYHbIE 3HAYEeHUA AnanasoHa
ToHOB (Max:=255), BbibpaB ans Hawen «3ebpbl» TOUKY 6en10ro 1 TouKy YépHoro («WP»=0, a «BP»=255),
byaeTt umeTb BUA:

(1/2)=(Xin./Max)*Gamma

Mpu nponoropudmmnpoBaHnn obenx Yactei BblpaxKeHMaA, Mbl NOYYUM:
Gamma=(Lg10(1/2))/ (Lg10(Xin/Max)),
nnn Gamma=(Lg10(0,5))/ (Lg10(Xin/255)),

Ho yunTbiBas, UTO 3TO BblparKeHWe BEPHO ANLLb ANA BbIOPAaHHOM TOYKM NPaBKM B €AUHCTBEHHON NO3MLMK
TOHOBOW WKanbl (M B eAMHCTBEHHOM TOUYKE KPMBOM TOHOMEepeaaym), Mbl BOCMO/Ib3yeMcs MHOW popmynoi,
obpasyemoli Npu cnoxeHnu asyx UseTos (X1 u ... Xn) c y4éTom ramma-pyHKLUN:
Xin'=((fn)*(X1AGamma-+...+Xn*Gamma))*(1/Gamma),

rae (fn)=1/n, n-3aBMCHUT OT NPONOPLMM U KONMYECTBA LBETOB B NMOJIE C MyapoM,

a Xin' - 3To cymmapHan sHepreTnyeckasn APKOCTb KaHana LBETHOCTU.

Bo Bpema B13yanbHOM KanMbBpoBKM Mbl 40X HbI YPOBHATL Noaa obpasyemble Xin'u Xin cornacHo
BblbpaHHOM Lenesot Gamma:= (y)Monitor.icc

CooTBeTCTBEHHO KOOPAMHATLI ANA TOYKKM NpaBku X (Xr, Xg, Xb) 3To Hawe nckomoe, KOTOpoe COOTBETCTBYET
cepoi nnallKke Tecta. A KoopauHaTbl ToueK X1 1 X2 obpasyroumx myap «3ebpy», B ciyyae
axpomaTtmyeckom WwkKanoun, byayt umetb Bug X1(x1_r, x1_g, x1_b) u X2(x2_r, x2_g, x2_b), uto cooTBeTcTBYET
HacTpanBaeMOoOMy KaHany APKOCTH, paccunTbiBaeMOMY cornacHo dpopmyne npuHatoi gna SDTV
(TeneBuaeHune cTaHgapTHOM YETKOCTM (720p)):

X(KaHana «ApKoctu»):=L(sdtv), rae L(sdtv)=R(601Y)*0,299+G(601Y)*0,587+ B(601Y)*0,114

MoHOXpOMHOE NpeacTaBAeHne BUAEOCUTHAA UM CBET/IOTA, KaK BE/IMYMHA, ONUCLIBAIOLLAN YYacToK
CUeHbl M306parkeHnna c y4ETOM e€ BoCcnpuaTua ana Habnoaatens yenoseka. Mpu atom dopmyna ana
cBeTnoThl (L) paccunTaHa M cornacoBaHa OTHOCUTENbHO APYINX BEIMYMH LBETOBOCNPOM3BEAEHUSA, KOTOPbIE
onucaHbl gna (SDTV, EDTV, HDTV) .

MonHbIM cnUcok ctaHgapTos: DTV, SDTV, EDTV, HDTV, RPTV, DVI, DLP, LCD, LCOS, plasma, progressive scan,
component video, S-video, composite video, etc.

M3 H1Ux Hanbonee 3HauMmbl SDTV, HDTV n UHDTV, yunTbiBan 1 To, YTO OCTa/ICS BUAEOKOHTEHT OT Ka*KA0ro
13 NpeablayLinX CTaH4apPTOB, KOTOPbLIN ByAeT B AanbHellem TPaHC/IMPOBaATLCA M 0TobpakaTheca B
nocneayrowmx CTaHAapTax.

SDTV — TenesnaeHune ctaHaapTHOM Y€TkocTu (720p);
HDTV — TenesnaeHme nosbllieHHOM YéTKocTu (1080i);
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UHDTV — TeneBnaeHune ynbTpa-BbICOKOM YETKOCTM, KOTOPOE B CBOKD oYepedb Ae/INTCA Ha HECKO/IbKO
paspeleHuni:

UHDTV-1 — (3840 x 2160) n (4096 x 2160) DCI 4K / Cinema 4K;

UHDTV-2 — (7680 x 4320) 8K UHDTV / Super Hi-Vision.

(*0na HDTV) ApaymeHm, umo yepeccmpoyHas passepmka 10801 (1080x1920, 30 kadpos/ceK.)
daem u3obpaxceHue Ay4uie2o Ka4ecmaa, Yem npozpeccusHas passepmka 720P (720x1280, 60
Kadpos/ceK.), mak Kak nepsas umeem 8 08a pasa bosnblue 3nemeHmos uzobpaxceHus (nukceneli)
Ha Kadp, ecmb camoili nocaedHuUl owubo4HbIli 00800. lpedsaazaemcs oH memu, Kmo 200amu
npodsuzaem cucmemy NHK 1125/60 8 kayecmese mupogo2o cmaHéapma npouszsodcmea. Bece
npusodumsie apa2ymeHmel 8 MPOYECce CPABHUMENbHO20 UCCAedo8aHus bblau omeepaHymMeol, KaK
/I0HCHblE, 0 3mom OaHHbIl apa2ymeHm - MPocmo nocaedHAs NonbiIMKa Ha8aA3amos ycmapesuwyro
MmexHOo/102U aMepPUKAHCKoU UuHOycmpuu menesew,aHus. Ha camom dene, sepmukanoHoe
paspeweHue, OelicmeumesnsbHo 0ocmuzaaemoe 8 popmame 1080I, Huxce, yem 8 popmame 720P. B
mo e epems 20pU30HMAbHOE paspeweHue 3HayumesnsHo meHbuwe 1920 nukceneli, ymo 661710
AICHO MPOOEeMOHCMPUPOBAHO 8 X00e 06beKMUBHbIX ucribimaxuli, nposedeHHbix ATTC. IkcnepmHsie
OUEeHKU, sbicmasneHHble ATEL, noKasasu, Ymo 80CrnpuHUMaemoe Ka4ecmao u3obpaxceHus 08yx
cucmem cornocmasumo.

MMeHHO No 3TOM NPUYMNHE, B ONMUCAaHMM KaHana «SPKOCTM» Mbl BOCMO/1b30BannCh GOPMYION,
onucbiBaoLEen NpeobpasoBaHMe LBETHOIO XPOMATMYECKOTO M30bparkeHus, B YEpHo-6enoe
axpomaTtmyeckoe nsobpaxeHue, C COXPaHEHNEM APKOCTHbIX M KOHTPACTHbIX XapaKTEPUCTUK BU3yasibHOM
CUEHbI, COrNacHo CTaHAapTy TenesellaHnsa SDTV.

Onsa SDTV, (PekomeHg,. 601) cTaHaapTHO XapaKTepusyeT 3T Ko3pPULNEHTbI:
L(sdtv)= R(601Y)*0,299+G(601Y)*0,587+ B(601Y)*0,114

Ons HDTV, (PekomeHa. 709) cTaHAapTU3MPYET 3TN KO3DDULUMNEHTDI:
L(hdtv)=R(709Y)*0,2126+G(709Y)*0,7152 +B(709Y)*0,0722

Ons UHDTV, (PekomeHg,. 2020) cTaHaapTU3MpPYeT 3TU KO3DDULMNEHTbI:

L(uhdtv)= R(2020Y)*0.2627 + G(2020Y)*0.6780 + B(2020Y)*0.0593

Mocne Bcero BbILLEONMCAHHOTO, PAa3bACHAIOLLENO NPUHLMMBI, B3ATbIE B OCHOBY BM3Ya/ibHON KasMbpOoBKM,
nonpobyem chopmynnposaTtb BCE HAMHOTFO Hos1ee CxKaTo.

— BusyanbHana KanmMbpoBKa YCTPONCTB 0TOOpaXKeHMA LBETa OCHOBAHa Ha click-balancing— meTopge
6anaHCUPOBKM Ceporo B M306parKeHUM, MyTeM KAUKA Mo 061acTu, KOTopas, Mo Ballemy MHEHUIO, AOJIKHA
6bITb HEMUTPaNbHON. MPU 3TOM UCNOJIb3YEeTCA BO3MOMKHOCTb I/1a3a NOACTPAMBaTbCA NOL U3MEHEHWE TOYKN
6enoro — apgantauusa Touku 6enoro (white point adaptation), 4To UMeeT OTHOLIEHME K LLBETOBOMY
NOCTOAHCTBY 3pPEHUA CTAaHAAPTHOrO HabatogaTens (Yenoseka).

— Camu LKanbl BU3yasibHOrO KOHTPO/IS, OCHOBaHbl Ha KOMMJIEMEHTaPHbIX (00M10AHUMENbHbIX) LBeTax
(complementary colors). KonmnnemeHTapHbIMW UKW B3aMMOZOMO/THAOLWMWMMK, Ha3blBalOTCA [Ba LBETA,
KOTOpble AaloT cepblit (Mnn 6enblii) LUBeT NpU HaNoXeHUU. Hanpumep, KpacHbIl 1 ronybon —
KOMMJIeMeHTapHble UBeTa. Pe3ynbTaTom BU3yasibHOM KaiMOPOBKM, ABNAETCA SOCTUKEHNE
cbanaHcupoBaHHOro no cepomy (gray-balanced) LBeTOBOro NPOCTPAHCTBA — LB. MPOCTPAHCTBO, B KOTOPOM
KaXKAbl HEMTPaNbHbI NMUKCEN MMeET paBHble 3Ha4YeHUA R, G 1 B, HasbiBaeTca cbanaHCMpPoOBaHHbBIM NO
cepomy. [locTuraetca 3To 6anaHCMPOBaAHUEM MO TOHY U LIBETY MEXKAY XPOMaTUUYECKUMMU
KOMM/IMMEHTaPHbIMW MNapamMu LBETOB M PAaBHbIMW MM MO TOHY NPY 334aHHOM 3HAaYEHUN rAMMb
aXpoOMaTMYECKMMM CEPLIMM NAALLIKAMU.
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— BusyanbHbiii Kanubparop (visual calibrator) — nporpamma, B Hawem cay4dae ato Calibrilla,
ncnonbsyemasn Ans KanubpoBKM MOHUTOPA, TPebytoLWwasn BU3yabHOro CpaBHEHMNA NaTyel, oTobparkaembix
Ha Aucn/iee, BMECTO TOYHOIO M3MEPEHMA XapaKTEPUCTUK C MOMOLLLbIO NPpUBopPOB. Pe3yabTaT — BU3yasbHO
JINHEeapu3npoBaHHOE YCTPOMCTBO B perkmme Native (MCcxoaHbIV LBeTOBOM BanaHC MOHUTOPA).

OcHoBHoM maTtepuan coctasneH, Alex Sikorsky © 2010, nepepaboTaH B 2011r, gonoaHeH 8 2019r.

Mo matepunanam Wiki-neanu n 2ro nsganus «YnpasneHue usetom» B.Fraser, C.Murphy, S.Bunting,

A TaKkKe paboT Gernot Hoffmann «Measuring Tone Reproduction Curves for CRT Monitors Examples for TFT
Monitors», «The Gamma Question», «Hardware Monitor Calibration» n ap. ero ctatbAMU U MaTepuanamm ¢
KOTOPiMM MOXHO 03HakomuTbeA Ha (http://docs-hoffmann.de/). Mpu coctasneHnn ncnonb3oBanmch
cneumdukaumm n gokymeHtol MCO (MexayHapoaHbii coto3 no anektpocsasn npu OOH) un gpyrmne
NCTOYHMKK. CobpaHOo 1 OTpeaaKkTMPOBaHO A4 noab3osaTeneit nporpammel Calibrillav.3.4/4.2 nv.5.0 :
Anekceli Kob3apb, 2011-2019r. Mpun HaxoXKAEHUM ONEYATOK U BOSMOKHbIX OLIMOOK NULLMTE aBTOPY
maTepuana UaM Ha CauT NoALEPKKMN NPOrpaMmbl.
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