Kammbpumna — [[puHIATIBI TOCTPOSHUS KA KOHTPOJIS IPH BU3YAITHHOM KaTHOPOBKE

MaTepuan npegHasHa4yeH, Kak AonoaHuTeIbHadA cnpaBoYHan nHdopmaums K nporpamme Calibrilla
MpUHLKUNbI NOCTPOEHUSA LKA KOHTPOA NPU BU3yaibHOM KannubpoBKe:

CTaTbA NONHOCTBIO MOACHAET MPUHLMMbI MOCTPOEHMA BU3YasIbHbIX TECTOB KOHTPOA NpU
Kannbposke LUT Buaeo agantepa. B Heil KpaTKo M3N0XKEHO, YTO Takoe BUAMMbIN LBET ANA
HabntogaTens, Kak yCTPOEHO Halle 3peHMe U KaKne M3 ero ocobeHHoCTel nernm B OCHOBY Hallew
NpPOrpammbl BU3yasibHOM KaIMOPOBKM MHOTOMOHUTOPHbIX BUAEO CUCTEM.

BcrynneHume:

LiBeT - 3TO BM3ya/bHOE OLyLLeHMe, BO3HMKaloWwee y Habatogatens — yesnoBeka. OH NposaBaseTcs npu
HaIMuMK TPEX GAKTOPOB MMEIOLLUX PasHYIo NpUpoAY (PU3MYECKYI0, XMMUKO-DUINYECKYIO,
buonornyeckyto):
onopHoro 6enoro ceeta - GOHOBOro CBETa (MMEOLLLErO BOJIHOBYIO NMPUPOAY U dUsnyeckne
XapPaKTEPUCTUKMN UCTOYHUKA U3/TyYeHMA), MPOXOAALLEro Yepes ONTUYECKYIO Ccpeay UAN OTPAXKEHHOTO
OT NPegMeToB cpeapbl;
LBETOBOro CTUMY/Ia - CAaMOW Cpesibl, Yepes KOTOPYHO NPOXOAUT OMOPHBbIM 6enblit CBET UK OT
KOTOPOW OH oTpaxkaeTca (byayun YacTUUYHO MOTNOWEHHBIM MW YCUIEHHBIM GUUKO-XUMUYECKMMMU
CBOMCTBaMM Cpesbl, OMOPHbIM CBET MEHAET CBOW CMEKTPa/IbHbIE XapaKTEPUCTUKM);
HabalgaTena, KOTopblit BOCMPMHMMAET CEeKTPaibHbIlM LUBET cpeabl, 06pa3soBaHHbIN Pa3IMYHbIMK
no cBoei Npupoae LBETOBbIMM CTUMYIaMU U ONOPHbIM 6e/1biM CBETOM UCTOYHUKA U3NYYEHUA, B
Halem cnyvae HabagaTeieM—4eN0BeKOM (B KauecTBe Hab1loaaTenss MOXKeT BbICTynaTb 1
TEeXHMYECKOe CPeaCcTBO — CBETOUYBCTBUTE/IbHAA MaTPULA CKaHepa uau ¢poToannapara).

Cyb6beKTUBHO BOCMPUHMMAEMbIN 3pEHNEM LIBET U3YYEHUA 3aBUCUT HE TO/IbKO OT €ro CNeKTpa, HO U Aaxe
OT NCUXO0PU3MONOTNMHECKOrO COCTOAHUSA Ye0BEKa, HAa KOTOPOe BANAIOT GOHOBbLIN CBET U LIBET, €ro LBeToBas
Temnepartypa, 3putenibHasa afantaums, a Takxe oT cneumdruyecKkmx CBOMCTB MHAMBUAYANbHOIO rnasa. K
cneunduKe 3peHMa MOKHO OTHECTU HalMUME UCKAXKEHWN, BbI3BAHHbIX Aa/IbTOHU3MOM W MP. CAyYaamm
OT/INYNA 3PUTE/NBHOTO OLLYLLEHUA OT CPeAHECTaTUCTUYECKOW HOPMbI, BbI3BaHHbIE M3MEHEHNAMMN
du13nonornm rnasa, Kotopble NPUBOAAT K UCKaXKEHUIO BOCNPUATHA.

CnocobHOCTb YENOBEYECKOTO 3PEHMA aAaNTUPOBATLCA K Pa3HbIM YCIOBUAM OCBELLEHHOCTU U Pa3HOM
CMEeKTPaNbHOM COCTaBAAOLWEN BUAMMOro GOHOBOro cBeTa (CM. LiBeTOBaA aAanTauus U LBeToBoe
NMOCTOAHCTBO, HUM(e 10 meKcmy), NO3BOAAET NPU BOCNPUATUM LiBeTa 06beKTa KnaccudumumposaTb LBeTa U
BUAETb UX UAEHTUYHO NPU PA3HOM OCBELEHHOCTM (CM. MeTamepu3m). ITo, B CBOIO OYepesb, BAUAET Ha
CNoCcOBHOCTb YeN0BEKA C BbICOKON TOYHOCTbIO Pa3ainyaTh LiBETa U OTTEHKKU, BOCNPUHUMATb
axpomaTunyeckme (NUWEHHbIE LLBETOBOWM COCTABAAIOLLEN) U XPOMATUYECKME LBETA NPU PA3HOM UCTOUYHMKE
ocselleHus. B 3apybexHON nuTepaType 3TO CBOMCTBO 3PEHUA BCTPEYaeTCA Noj TEPMUHOM LBETOBOE
NOCTOAHCTBO (color constancy) BU3yanbHOrO BOCNPUATUA MM XPOMATUUECKanA agantauma — 0CO6eHHOCTb
3peHMa YeNOBEKA CYMTATb LBET 06bEKTA NOCTOAAHHbIM, HECMOTPA Ha CMEHY YC/I0BUI NpocmoTpa. Eciv Bce
LBEeTa CloXKeTa USMEHATCA B 04MHAKOBOM Mepe, r1a3 CKAOHEH MPUMMUCbIBaTb 3TO CMEHEe UCTOYHMKA CBETa U
WUTHOPUPOBATb M3MEHEHME LBETOB. IMEHHO 3TO AenaeT BO3MOXHbIM UCNO/1b30BaTb 3pEeHNE YeoBeKa AA
BM3yasibHON KaIMBPOBKM YCTPOMCTB LBETOOTOOpaXKeHMs.

Ha yHMKanbHOM CNOCOBHOCTM YenoBEeYECKOro 3peHMsa CPaBHUBATL LBETOBbIE CTUMY/Ibl Mexay coboii 1
YPaBHMBATb MX C BbICOKOM TOYHOCTbIO NOCTPOEHbI M HaLUW BU3YyaibHble TeCTbl, FAe Ye/i0BeYyeckuii rnas
CPaBHMBAET YYacTOK C PpaBHOMEPHbIM LIBETOM C y4acTKOM, 06pa30BaHHbIM TEKCTYPON, COCTOALLEN 13
HEeCKO/IbKMX LBeToB. Mpun 3TOM ABa LuBeTa, 06pasylolimMe paBHOMEPHYHO TEKCTYPY OAHOMO U3 NnoJei TecTa,
ABNAOTCA MO0 B3aMMHO AOMNONHUTENbHBIMM (KOMMIEMEHTAaPHbIMM UM BbI3bIBaOLMMM OLLYLLEHNE
LBETOBOIO KOHTPACTa) XPOMaTUYECKMMU LLBETAMM UIM aXPOMATUYECKMMM KOHTPACTHbIMM MO OTHOLLEHUIO
APYT K Apyry TOHaMM Cepoi LWKanbl (TOHOBOM KOHTPACT). OHM (MX LUBETOBbIE KOOPANHATbI M B3aUMHas
naolaab NOKPLITUA) BbIGPaHbI B TEKCTYpE B ONpeaeEHHON NPONOPLMK MO OTHOLWEHUIO APYT K APpYTY, U
ABNAOTCA PABHBIMM MO TOHY M LBETY APYromy MoJito BU3yaNbHOro TecTa, 06pa3oBaHOMY O4HUM
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axpoMaTUYECKMM LBETOM (HO MOFyT BbITb TECTbI, F4e MCMO/b30BaHbl U XPOMaTUUYECKUE IoKaNbHbIe LBeTa).
Mpyn 3TOM MaTemaTMyeckn oba yuyacTKa TecTa paccymTbIBalOTCA COrNacHO raMma-QyHKLMM, KOTopas, B CBOIO
ouyepeab, YPaBHUBAET SHEPreTUYECKYIO APKOCTb NPU O0TOBPAXKEHUN LiBETa Ha MOHUTOPE C BOCNPUATUEM
APKOCTM YEN0BEKOM.

LiseToBO€ 3peHuUe:
YHUKanbHAA crnocobHOoCMb Yesno8e4ecKo20 3peHusa adanmuposamscs K ycno8uam oKpyxcaroueli
cpedsbl, U NpU 5MOM Pasau4ame U CPAasHUBAMb Usema U OmmeHKU, A8Unact ocHosol 0149 pabomeol
C Ysemom, e20 co2aaco8aHUA 8 annapamHo-npozpammHoli cpede.

B rna3y yenoBeKa coaepKatca ABa TUIMa CBETOYYBCTBUTE/IbHbBIX KNETOK (pELI,eI'ITOpOB)Z
BbICOKOYYBCTBUTE/IbHbIE NMa/1I04YKKN, OTBEHAKOLWMNE 33 CymepedHoe (HO‘-IHOG) 3peHne, n meHee
4YyBCTBUTE/IbHbIE KOI]60‘-IKM, oTBeYaloulwme 3a UBeTHOE 3peHUne.

B ceTyaTKe rnasa 4yesioBeKa ecTb TPM BUAA KOBOYEK, MAaKCMMYM YyBCTBMTE/IbHOCTM KOTOPbBIX NMPUXOAMUTCS
Ha KPacHbIN, 3eN1EHbIV U CUHWIA YY4ACTOK CMEKTPa, TO eCTb COOTBETCTBYET TPEM KOCHOBHbIMY» LBeTam. OHM
obecrneyrBaloT pacno3HaBaHWe TbICAY LBETOB M OTTEHKOB. KpuBble CNeKTpaNbHOM YyBCTBUTENbHOCTU TPEX
BMA0B KO/1I60YEK YaCTUYHO NEePeKpPbIBAtOTCSA, UTO Bbi3biBaeT 3pPeKT meTamepumn. OYeHb CUIbHbBIN CBET
BO36YyKAaeT Bce 3 TUMa PeLenTopos, U NOTOMY BOCMPUHUMAETCS, Kak U3ydeHune cnensawe-6enoro useTa.
PasHylo cTeneHb CMeLLIEeHNA CNEKTPabHbIX XapaKTepPUCTUK, BOCMIPUHUMAEMbIX KNETKaMW CETYaTKM r1as3a,
Mbl BUAMM KaK XpOMaTUYECKME MAN axpoMaTUYecKue LseTa.

PaBHOMepHOe pasaparkeHne Bcex TPEX 3/1IeMeHTOB, COOTBETCTBYIOLLEe CpeiHEB3BELLEHHOMY AHEBHOMY
CBETY, TaK)Ke BbI3blBAET OLLyLLeHNe 6enoro LuBeTa. TPEXCOCTaBHYIO TEOPUIO LLBETOBOIO 3peHMs BNEPBbIe
BbICKa3zan B 1756 rogy M. B. JJTomOHOCOB, KOraa nmcan «o TPEX maTepuax AHa OKa» B CBOEM Tpyae «O
npoucxoxaeHuu ceeta». CTo et cnycTa eé pasBma HemeLKuii yuénbiit I'. Fenbmronbl,. MapannenbHo
CyLL,ecTBOBa/a ONMOHEHTHaA Teopus LBeTa IBanbaa lNepuHra. Eé passuan [asua Xbtoba (David H. Hubel) n
TopcTeH Baitzen (Torsten N. Wiesel). OHun nonyunnu Hobenesckyto npemuio 1981 roaa 3a cBOE OTKpbITHE.

OHU NPeanoNoXnan, YTo B MO3r NocTynaet MHdopmauusa BoBce He 0 KpacHom (R), 3enéHom (G) n cuHem
(B) yBeTax (Teopua useta FOHra—renbmronbua). Mo3sr nosnyyaeT MHGOPMALMIO O PasHULLE APKOCTU — O
pasHuue ApKkocTh 6enoro (Ymax) n yépHoro (YmMMH), o pasHuue 3en€Horo 1 KpacHoro ueetoB (G—R), o
pasHuue cuHero u kéntoro usetoB (B — yellow), a xkéntbint uBeT (yellow = R + G) ecTb cymma KpacHoro u
3en€Horo ugeTos, rae R, G u B — ApKOCTM LBETOBbIX COCTABAAOWMX — KpacHoro, R, 3enéHoro, G, n cuHero,
B.

Nmeem cnctemy ypasHeHUn — Ky-6 = Ymax — YmuH; Kgr = G — R; Kbrg = B— R — G, rge Ku-6, Kgr, Kbrg —
bYHKLUMY KoadduumeHTOB 6anaHca 6enoro ana ntoboro ocBeLeHums.

MPaKTUYECKM 3TO BbIPAXKAETCA B TOM, YTO 104N BOCNPUHMMAIOT LBET NPegMeToB OAMHAKOBO NMPU PasHbIX
WCTOYHMKaX OCBELLEHUS - LIBETOBAA afanTauus.

MeTtamepua ysera:
Ha memamepuu ocHosaHO 8ocripoussedeHue ysema 8 roauepaguu, homoepaghuu, KUHO,
menesudeHuu, xusonucu. briaeodaps eli u3 cmecu pa3Heix N0 XapPAKMEPUCMUKAM CIeKmpasnbHO20
noasnoweHus Habopos NuaMmeHMos (Uau PasHbIX Mo crekmpy Uussay4eHuUs Habopos AHMUHOPOPOs 8
cyyae ¢ meanesusopamuU U MOHUMOPAmMu) Mmoaym bbimb cOCMasseHsbl yeemad, 80CMPUHUMAEMbIe
2/1030M, KaOK 00UHaKossle.

MeTamepua — CBOICTBO 3peHUA, NPU KOTOPOM CBET Pa3/IMYHOr0 CNeKTPaibHOro COCTaBa MOMET Bbi3blBaTb
OlLyLULeHNe 0AMHAKOBOrO LBeTa.
® B 6onee y3Kom CMmbICae, MeTaMmepueit HasbiBaloT ABAEHME, KOrAa ABa OKpalleHHbIX 06pa3La LBseta
BOCNPUHUMAIOTCA OAMHAKOBbIMM NOA OAHUM UCTOYHMKOM OCBELLLeHMA (MMeIoT OAHY OKPacKy), HO
TEpPAIT CXOACTBO NPU APYrMX YCNOBUAX OCBELLEHUSA (C APYTMMM CNeKTPaabHbIMU
XapaKTepuUCTMKaMn M3/1y4aeMoro cBeTa).
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®  CMHOHWM 3TOro C/0Ba, MeTamepmsm — peako MCI'IOI'Ib3Y€MbIﬁ TEPMUH, Ka/ibKa C aHrIMNCKOro
C/noBa.

dU3MoNOrMYeckn MeTamepus 3peHnsa 0CHOBaHa Ha CTPOeHMM Nepndepmnyeckoro oTAeNa 3pUTeIbHOro
aHasm3aTopa. Y yenoseKka 3Ty GyHKUMK BbINOHAET CETYATKA, B KOTOPOM 33 BOCNPUATUE LiBETa OTBEYatoT
ocobble KeTKM — Konbouku. Kaxaplit BUA, KONBoYEK MHTErPUPYET NOCTYNAIOLLYIO IYYNCTYIO IHEPTUIO B
[0BOJIbHO WWPOKOM AManasoHe AJIMH BOJH, U AMana3oHbl YyBCTBUMTENIbHOCTU TPEX BUAOB KONBoYeK
NepeKpbIBaOTCA, PasANYanCh MLWb AMArPaMMO BEIMYUHBI YYBCTBUTE/IbHOCTHU.

YenoBeyeckoe 3peHne ABNAETCA TPEXCTUMY/IbHbIM aHANN3ATOPOM, TO €CTb CNEKTPasibHble XapaKTEPUCTUKMU
LLBETa BblparkatoTCA BCEro B Tpex 3HavyeHumAx. Ecnm cpaBHMBaemble MOTOKU M3NYYEHUA C Pa3HbIM
CNeKTpaZbHbIM COCTaBOM NPON3BOAAT Ha KON604KM OAnHaKoBoOe AEVICTBMG, LBeTa BOCMPUHNMAIOTCA KaK
OAMNHaKOBble.

bnarogapsa uccnefosaHuaAm 1 HabnogeHUAM, NPEANONAraoT, YTO B }KMBOTHOM MUPE MOFYT CyLLeCcTBOBaTb
YeTbIPEX- 1 AarKe NATUCTUMY/bHbIE LIBETOBblE aHaAN3aToPbI, U YTO LBETa, BOCNPUHMMAEMbIE Ye/I0BEKOM
OAMHAKOBbIMM, }KMBOTHbIM MOTYT Ka3aTbCA Pa3HbIMK. Bce TeXHMUYECKME CPeaCcTBa CUMTLIBAHUA U
BOCMPOU3BEAEHNA LLBETA CO34aHbl OTHOCUTENIbHO Ye/10BEYECKOro BU3YaibHOMO 3PEeHNA U ANA YeNoBeKa.
MoxoKan cMTyauma CKNaAbIBaeTCA U C CUCTEMAMM PErMCTPaLLMKN M306parKeHNIA, Kak ULMdPOBbIMU, TaK U
aHanoroBbIMU. XOTA B 60/IbLUMHCTBE CBOEM OHU ABASOTCA TPEXCTUMY/IbHLIMW (TPY C0OSA 3MYIbCUU
GOTONNEHKK, TPU TUMA AYEEK MaTpULbl LndpoBoro poToannaparta UM CKaHepa), UX MeTamepus OT/IMYHa
OT MeTaMepun YesI0BeYeCKoro 3peHus. MNosTomy LBeTa, BOCNPUHMMAEMbIE I11a30M KaK 04MHAKOBbIe, Ha
doTorpadum moryT nonyyaTbca pasHbiMu. MO3TOMY CyLLeCTBYET COrlacoBaHWe, 3aKperniéHHoe U1
OMNUcaHHOE B COOTBETCTBYIOLMX CTaHAAPTaX NPV HAaCTPOMKE CUCTEM KOHTPOA LLBETOBOCMNPOM3BEAEHMSA U
oTobparkeHus.

or npupoabl ABNEHUA K NPaKTUYECKOMY NMPUMEHEHUIO:

B cnyyae c oTparkeHHbIM UM NPOXOAALLMM Yepes NpPo3payHble OpUrnHabl CBETOM, BOSHUKHOBEHUE
OlLYLLLEHNA OANHAKOBOrO LBETa NPU UCMOAb30BaHNKN PasHbIX HABOPOB NUIMEHTOB 3aBUCUT OT OCBELLLEHMA.
OTpakeHHbI UM NPOXOAALLNIA CBET YaCTUYHO MOMNOLWAETCA MUIMEHTOM, HO KOHEYHbI CNeKTP
BOCNPUHNUMAEMOTO r1a30M CBETa 3aBUCUT HE TO/IbKO OT XapaKTePUCTUKM NMUTMEHTA, HO U OT
XapaKTepPUCTMKM UCTOYHMKA OcBelLeHMA. M3-3a aToro Asa obpasua, BOCNPUHUMAIOLLMECA OANHAKOBbIMM
npv AHEBHOM CBETE, MOTYT Pa3/IYaTbhCA Ha r1a3 NP MCKYCCTBEHHOM OCBELLEHUMN.

MPUHUMN MeTaMepum NPUBOAMUT U K TOMY, UTO NPY MOHOXPOMAaTUYHOMN NOACBETKE HEKOTOPbIE LIBETA
TEPAIT HACbIWEHHOCTb. B noanrpadpum 1 NpombILLAEHHOCTM pacyeT LBETOBbIX pa3anymnii (aenbta E) npu
MeTaMepuu, Koraa Asa LiBeTa npu 04HMX YCI0BUAX OCBELLLEHMA MOTYT Ka3aTbCA 0AMHaKOBbIMU, a NMpuU
OPYrMX — pasHbIMM, MOXKET BbITb NpoBeAeH C MOMOLLbBIO CMeLuaNbHOro MatemaTuyeckoro obecneyeHums.
Mporpammbl NO3BOAAKOT KOMMEHCUPOBATb UCKAXKEHMA 3PUTENbHOIO BOCNPUATUA OT MeTamepun Npu
pacyeTax LBETOBbIX pa3/INYMii B cnegytowmx cucremax koopanHat: dE*CIELAB, dE FMCII, dE CMC, dE*94,
dE*2000.

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

Mpy co3gaHmmn BU3YanbHOTo TecTa 6bla1 MCMONb30BaH NPUHLMM METAMEPHOCTH, rae ABa obpasua LBeTos,
COCTOALWMX U3 pasHbix Mo Habopy 6a30BbIX LBETOB, BbICTYMWUAN B POJIM METAMEPHOW Napbl M YPaBHMBAIUCH
BM3yasIbHO NPV onpesenéHHbIX LeneBbiX YCI0BUAX KannbpoBku. MNMpn sTom mexkay coboit cpaBHMBaNUCD
TEKCTYPHbIe NAaLLKK, COCTOALME N3 HECKOIbKUX TaKMX 6a30BbIX LBETOB, M TEKCTYPHbIE MAALLKM C
paBHOMEPHbIMM MO LBETY NAalKamn. TeKCTYpHbIe NAALWKM BbIFNAAAT, KaK NosacaTan ropusoHTanbHan
«3ebpav, rae YepeaytoTca 6a3oBble LBeTa, eé obpasyolwme. Mpu 3TOM PUCYHOK Myapa M NPonopuma OAHUX
LBETOB MO OTHOLIEHMIO K APYrMM MOXKET 6bITb M MHOW. B Halwem cnydae BbibpaHa nponopuusa 1:1, T.e. %
OAHOrO UBeTa U % ApYroro LBeTa y4acTka C MyapoM NPMpaBHEHb! MO LBETY M TOHY NaallKe OnMcaHHowM
OAHUM LBETOM MPU HaYyabHbIX LLeSIeBbIX YCAOBUAX KaNMBPOBKX: 3a4aHHOM LBETOBOM TemnepaTtype
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onopHoro 6enoro uBeTa, 3HepPreTUYeCcKomn APKOCTU ANs ToueK 6enoro n YépHoro, GyHKLUN ramma-
KOMMEHCcaUmm.

MpucBarMBaem 0gHOMY 3HaYeHUIo, (:=) MHOE Ha3BaHWe, A/1A YMPOLLEHUA MaTeMaTMYECKOMN 3anncu.

Famma ¢yHKumMA (y:=Gamma) ypaBHMBatOLLLAsA BOCNPUATME SHEPreTUYECKoM APKoCTH Yenosekom (Yout), ot
nojiaBaemMoro BXoAHoro Hanps»eHua (lin:=Xin)

Mpu aTOM NONYUYNM CieaytoLLee PaBEHCTBO:

Output=(f input)*Gamma,

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

NpU MakCMManbHoOM LeHe WKanbl (Max:=255 u max:=255 a4 BTOpOi YaCTK BbipaskeHus, B C/lyyae, ecau
«WP»=0, a «BP»=255) KOTOpas, B CBOIO ouepeab, MOMKET U3MEHATHCS NPU N3MEHEHUM 3HAYEHNI oS
AMana3oHa 1 06pasyroLmMX ero KOHEeYHbIX TOYEK WKaibl — «BP» (Toyka yépHoro) u « WP» (Touka 6enoro) —
napameTpoB, 3aBUCALLNX OT MHCTPYMEHTA/IbHON HAaCTPOMKM N3 SKPAHHOFO MEHIO MOHUTOPA, UK XKe
cpeacTBamm ynpasaeHUs NPOrpammbl 419 MHCTPYMEHTOB: «YPOBHA YEPHOTro» (MoACBETKK), KAPKOCTU» U
«KOHTpacTa».

Mpu 3TOM, NO/NE NONOBUHHOM APKOCTU MOHUTOPA, €C/IN UCTMO/Ib30BATb KOHEYHbIE 3HAYEHMs gManasoHa
ToHOB (Max:=255), BblbpaB 4n1a Halel «3ebpbi» TOUKy 6enoro n Touky YépHoro (« WP»=0, a «BP»=255),
byaet umeTb BUA;

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

Mpu nponoropndMmMpoBaHnM 06emnx YacTei BblipaskeHMs, Mbl MOYYNUM:
Gamma=(Lg10(1/2))/ (Lg10(Xin/Max)),
nnn Gamma=(Lg10(0,5))/ (Lg10(Xin/255)),

Ho yunTbIBas, YTO 3TO BbIPaXKeHMe BEPHO /IULWb A8 BbIOPaHHOW TOYKM NPaBKKU B €4MHCTBEHHOM NO3ULUN
TOHOBOW LWKabl (M B @AMHCTBEHHOM TOYKE KPMBOM TOHONEpeaaun), Mbl BOCNONb3YeMC UHOW GopmMynoil,
obpasyemoit npu cnoxkeHnm Asyx UseTos (X1 u ... Xn) ¢ yuéTom ramma-pyHKUUK:
Xin'=((fn)*(X1*Gamma-+...+Xn*Gamma))*(1/Gamma),

rae (fn)=1/n, n-3aBUCUT OT NPOMNOPLUN M KONMYECTBA LIBETOB B NOJIE C Myapom,

a Xin" - 3To cyMmapHan sHepreTUYeckan APKOCTb KaHana LUBETHOCTMU.

Bo Bpems BM3yanbHOM KaIMBPOBKM Mbl AOKHbI YPOBHATHL NoNsA obpasyemble Xin'u Xin cornacHo
BblbpaHHOM Lenesoit Gamma:= (y)Monitor.icc

CoOoTBETCTBEHHO KOOPAMHATbI A1A ToUKKM npasku X (Xr, Xg, Xb) 3To Halwe McKOMoe, KOTOpoe COOTBETCTBYET
cepoi nnalwKe Tecta. A KoopamHaTbl Todek X1 n X2 obpasytowmx myap «3ebpy», B cnyyae ¢
axpomaTunyeckoi WwKanon, byayt umetb Bua X1(x1_r, x1_g, x1_b) n X2(x2_r, x2_g, x2_b), uto cooTBeTcTBYyET
HaCTpanBaeMoMy KaHany APKOCTU, PacCUMTbIBAEMOMY COrIacHO dopmyne npuHaTon ana SDTV
(TeneBnpaeHme ctaHgapTHOM YéTKocTu (720p)):

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

MoHOXpOoMHOe npeacTaBAeHME BUAEOCMIHANA AU CBETNOTA, KaK BEAMYMHA, ONUCbIBAtOLWLAA Y4aCTOK
CLLeHbl M3006parkeHuns ¢ y4EToM e€ BocnpuAaTMAa ana HabatogaTena yenoseka. Mpu atom dopmyna ana
cBeTnoThl (L) paccumMtaHa 1 cornacosaHa OTHOCUTE/IbHO APYrMX BEIMYMH LIBETOBOCNPOUN3BEAEHMA, KOTOpble
onucaHbl ana (SDTV, EDTV, HDTV) .

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

M3 HMX Hanbonee 3Ha4ynMmbl SDTV 1 HDTV.

SDTV — TenesngeHme ctaHaapTHoOM YéTkoctu (720p);
HDTV — TeneBnaeHue nosbllieHHOM YéTKocTK (1080i) .
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Kammbpumna — [[puHIATIBI TOCTPOSHUS KA KOHTPOJIS IPH BU3YAITHHOM KaTHOPOBKE

ApaymeHm, ymo yepeccmpoyHaa passepmxa 10801 (1080x1920, 30 kadpos/ceK.) daem
u3obpaxceHue ay4uie2o Ka4ecmsa, Yem rnpoapeccusHas paszsepmka 720P (720x1280, 60
Kadpos/ceK.), mak Kak nepeas umeem 8 08a pa3a bosbuie 3naemeHmos uzobpaxceHus (nukcesned)
Ha Kadp, ecmb cambili nocaedHuli owubo4vHolli 00800. [Mpedaazaemcs oH memu, Kmo 200amu
npodsuzaem cucmemy NHK 1125/60 8 Kayecmee muposo2o cmaHdapma rpoussodcmea. Bce
npugodumele apaymeHmsl 8 MPoyecce CPABHUMeIbHO20 UccnedosaHus bolau omeepaHymsl, KaK
/10¥KHbIE, @ 3Mom OaHHbIU apaymeHm - Pocmo nocaedHAA MoMbIMKa Ha8A3amb ycmapesuwyio
mexHo102U aMepUKaHCKolU uHdycmpuu menesew,aHusa. Ha camom Oene, sepmuKasabHoe
paspeuweHue, deticmsumesibHo docmuaaemoe 8 popmame 1080I, Huxce, yem 8 popmame 720P. B
mo xe 8peMsa 20pU30HMAsIbHOE paspeuwleHue 3Ha4YumesbHo meHbwe 1920 nukcenel, Ymo 6bis10
ACHO MPOBeMOHCMpPUPOBAHO 8 xo0e 06beKMUBHbIX ucnbimaHuli, nposedeHHbix ATTC. SkcrnepmHole
OUEHKU, sbicmasneHHble ATEL, moKasasnu, Ymo 8ocrnpuHuUMaemoe Kayecmao u3obpaxeHus 0syx
cucmem cornocmagumo.

MMeHHO Mo 3TOM NpUYMHE, B ONUCAaHMM KaHana «ApPKOCTM» Mbl BOCMOb30BanUCb Gopmyno,
onucbliBatoLLe NnpeobpasoBaHMe LBETHOIO XPOMaTUYECKOTO N306parkeHus, B YEpHO-6enoe
axpomaTunyeckoe n3obparkeHune, C COXpaHEHNEM APKOCTHbIX M KOHTPACTHbIX XapaKTepPUCTMK BU3yaibHOM
CLLeHbl, COr1IaCHO CTaHAapTy TenesewaaHma SDTV.

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

Ons HDTV, (PekomeHa. 709) cTaHAapTU3UPYET 3T KO3PPULMEHTbI:

L(hdtv)= R(709Y)*0,2126+G(709Y)*0,7152 +B(709Y)*0,0722

Mocne Bcero BbILWEOMNMCAaHHOTO, Pa3bACHAOLWErO NPUHLMMbI, B3ATblEe B OCHOBY BU3Yya/ibHON KasMbPOBKM,
nonpobyem chopmynmpoBaTb BCE HAMHOIO H6osiee cxKaTo.

— Bu3syanbHasa KannMbpoBKa YCTPOMCTB OTODParKeHUA LiBeTa OCHOBaHa Ha click-balancing— meTtoae
6anaHCMPOBKM ceporo B M306pakeHMmM, NyTem KAMKA No 061acTu, KOTopas, No BalleMy MHEHUIO, AO/KHA
6bITb HENTPaNbHOM. MpK 3TOM MCNONb3YEeTCA BO3MOMKHOCTb F1a3a NOACTPAMBATLCA NOL USMEHEHWNE TOYKU
6enoro — aaanTtauma Touku 6enoro (white point adaptation), 4yTo MMeeT OTHOLIEHME K LLBETOBOMY
NMOCTOAHCTBY 3pEHMA CTaHAAPTHOro HabatogaTena (Yenoseka).

— CaMu WKanbl BU3ya/IbHOrO KOHTPO/IA, OCHOBAHbI HA KOMNJIEMEHTAPHbIX (00M0s1HUMebHbIX) LBEeTax
(complementary colors). KonmnnemeHTapHbIMW AW B3aMMOAOMOHAIOLWMMM, HA3bIBAOTCA ABa LiBETA,
KOTOpble A4at0T cepbiit (Man 6enbiin) UBET NPU HaNOXKeHMU. Hanpumep, KpacHbI U ronyboin —
KOMMJIeMeHTapHble LBeTa. Pe3ynbTaToM BM3yaNbHOM KaIMBPOBKM, ABAAETCA AOCTUKEHUE
cbanaHcMpoBaHHOro no cepomy (gray-balanced) LBeTOBOro NPOCTPaHCTBA — LiB. MPOCTPAHCTBO, B KOTOPOM
KaXKabl HEMTPasbHbIA NUKCEN UMEET paBHble 3HavyeHus R, G u B, HasbiBaeTcsa cbanaHCMPOBAHHbBIM NO
cepomy. [loctnraetca aTo 6aflaHCUPOBaAHMEM MO TOHY U LBETY MEXAY XPOMaTUYECKMMMU
KOMMJIMMEHTAPHbIMM NapaMu LLBETOB M PABHbIMU MM MO TOHY NPW 334aHHOM 3HAYEHMUM FaMMbl
aXPOMATUYECKMMM CEPbIMU NIALLKAMMU.

— Bu3syanbHbiit Kanubpatop (visual calibrator) — nporpamma, B Halwem caydae 3t1o Calibrilla,
ncnosibayemas g5 KaambpoBKM MOHUTOPA, TPebyoLWwasn BU3yasbHOrO CpaBHEHUS NaTyel, oTobpaxkaeMblx
Ha gucnsiee, BMECTO TOYHOrO U3MEPEHUA XapaKTEPUCTUK C MOMOLLbLO NpubopoB. PesynbTaT — BU3yasibHO
JIMHEapu3MpPOBaHHOE YCTPOMCTBO B pexkume Native (McxogHbIN LLBETOBOM BanaHC MOHUTOPA).

Alex Sikorsky © 2010
Mo matepuanam Wiki-neanm n 2ro nsganus «YnpasnexHue usetom» B.Fraser, C.Murphy, S.Bunting

CobpaHo 1 oTpegakTMpoBaHo A8 nosb3osatenen nporpammbl Calibrilla: Alex Sikorsky
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