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Tema 2

[IBeTOBH MPOCTpPaHCTBA
[lepuenmudg Ha [IBETOBETE
PenpepupaHe CbC LIMPOK AUHAMHWYEH 00XBAT



ChabpKaHHUE

KpaTka ucTopus Ha IIpeACTaBSIHETO Ha LIIBETOBETE B
KOMITbPHUTE CUCTEMU

CBeTJIMHATa KaTO PU3UYHO SIBJIEHUE

[lepuenuusa Ha BETOBETE — TPUKOMIIOHEHTHHUSAT MO/ e
* U passiMkaTa My C I10-CJIOKHU MOJIEJIN

[IBeToBOTO nMpocTpaHCcTBO RGB
Jlpyru BETOBHY IIPOCTPAHCTBA

PenpepupaHe ¢ IUpoOK AuHaMU4yeH 06xBaT (HDR)



HcTopus Ha rpapUYHUS Xapayep

* MOHOXPOMHH I'paUYHU KapTH

* [I'bpBUgT uBeTeH agantep 3a PC - CGA (1981r)
 320x200, 640x200

* 16 npeagepuHMpPaHU CTAaHAAPTHHU LiBATA (MaJXATpa); 40 2 UBSATA
eJHOBpeMeHHO Ha ekpaHa 3a 640x200 u yesau 4 npu 320x200!

* [IudppoB UHTEPHEHUC

e EGA
* 640x350 @ 16 uBgaTa

* 16-Te uBsiTa Ce M3O0MpPAT OT NaJUTPa C 64 (2 6uTa Ha KaHaJ)



HcTopus Ha rpapUYHUS Xapayep

* VGA (1987r)

, PeBOJHOI_[I/IH B MHOTI'O OTHOILIIEHHUA

* AHajioroBa Bpb3Ka

* 640x480@16 uBsiTa, 320x200@256 uBsiTa, U36paHHU OT MAJUTPA
c 2" nBara (6 6uMTa Ha KaHaJ)

— CpBpeMeHHuTe TN MmaTpunu Ha LCD MoHuTOpUTE CBHINO Ca esiBa 18-
OUTOBH!

* Ciaen VGA, IBM u3nyckaT KOHTpoJIa B 00J1acTTa

* MMa onutH 3a ctangaptusanus (VESA), HO Ha npaKTHKa
3aI104YBaT Ja Ce M0JI3BAT U3KJIKYHUTESHO BUIE0-IPpaBEPUTE



HcTopus Ha rpapUYHUS Xapayep

* SVGA

* 16 1 32-O6MTOB LIBAT; Beue 0€e3 NaJIUTPU
* 16.7 MuiMoOHa 11BATAa, cpeily 10 MUJIMOHA — BUAUMHU OT OKOTO

* 10 u 12 6vTa Ha KaHaJI B IIOBEYETO BUAEOKAPTHU, HO HSIMA [00pa
copTyepHa NoAApPbXKKa

— Hanpumep, 30-6UTOB LUBAT
* bbaemiero
* High-contrast MmonuTopu (200,000:1)
* High-DPI monuTopu (IBM T220: 3840x2400@22)



CBeT/IMHATa KaTO GU3UYHO ABJIEHUE

* YacT OT eJIeKTPOMArHUTHHS CIIEKTBD, C A'bJIKMHA Ha
BbJiHAaTa OT 380nm=+750nm

* Hama pA3Ka rpaHulia, HO YyBCTBUTEJHOCTTA HA OKOTO PA3KO
CllaZia B KpaulIlaTa, JOKaToO € Hahu-4yBCTBUTEJIHO B 00J1aCTTa Ha
3€JIEHOTO, OKOJIO 555nm :
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* HJacT e OT eIUH MAJI'bK
CIIEKTpaJieH ,IIpo30pell’, KOUTO 3eMHaTa aTMocdepa NponyckKa

e XoparTa Bb3IIpUEMAT LIBETOBETE Ype3 TPHU BHUJA POTO-PELENTOPHU
— YyepBeHH, 3eJIEHU U CUHHU — M He MOraT Jja onpejesaT TOYHUS
CIIEKT'bP Ha CBETJIMHATA, a CAaMO CUJIlaTa Ha ipa3HEHUE HA TPUTE
ch GpOTO-pelenTopa



CBeT/IMHATa KaTO GU3UYHO ABJIEHUE

 Hanpumep, corbHYEeBaTa CBETJIMHA UMA MHOTO ,,AYIIKH "
(crieKTpaJIHU JIMHUH ), HO HUE He MOXKEM /Jla 'Y 3aceYeM U S

e, - | -

* MoHOXpoMaTH4YHA R S pe
CBETJIMHA (,,4UCT UBAT") — IPU Hedl, et
M3JI'bYBAHETO € KOHLIEHTPUPAHO B €JJMH TECEH y4aCTbK

e JIElSepI/ITe N3JI'b9BAT MOHOXPOMATHW4YHa CBET/INHA

 OKOTO pa3no3HaBa pa3JIMYHUTE MOHOXPOMATHUYHU [|]BETOBE
MHOTO Jo6pe. Jlopu camo 2 nm pa3JMKa MexXAy JBa
MOHOXPOMAaTHUYHU U3TOYHHKA € 0ce3aeMa



YoBelnKoTo 3peHue

e Ciep nnoaxoAsila akoMoalusd, KJIEeTKUTE B OKOTO pearupar
JIOPY Ha eJMHUYEH POTOH

* OrpoMeH 00XBaT Ha APKOCTUTE, KOUTO MOTaT Jia Ce
Bb3npuemart — 1:1,000,000,000 (Hau-TbMHa 40 HaM-spKa)

 OKOTO He ,MepHu" € aOCOJIIOTHHU CTOMHOCTH, a 3acHhy4a

KOHTpACTa MeXy CbCeJHUTE
4aCTU Ha U300paKEHUETO

e JleMOHCTpaLUsTa BAsSCHO ce ba3upa Ha TOBa:
KBaZpaTtyeraTta A ¥ B ca c e1HAaKbB 1IBAT!

* Okoto 3acuya 10 2% KOHTpacCT



YoBEIIKOTO 3peHNe

* YoBeK e MHOTO [10-9YBCTBHUTEJICH KBM
APKOCTTAd, OTKOJIKOTO KBM LIBETA

* YyBCTBUTE/JHOCTTA 3aBUCH OT
J'bJDKUHATA HA BbJIHATA — HaM-
rojigMa e Ipu 3eJIeHO-XXbJITUTE
[IBETOBE




[IpeacraBdaHe Ha CBET/JIMHATA

e 3a J1a 3alylleM II'bJIHATA
MHpOpMallYs 3a JaJleHa CBETJIMHA,
MOXKe Jla pa3dueM BUAUMMUS
CIIEKT’bP Ha MHOT'O MaJIKM IapyeTa

U ]a U3MEPUM U3JI'bYBAHETO BbB
BCEKHU OT TsX (Halp. BbB BaTOBE Ha
cTepaJiiaH)

* Ho 11e HU TpsAOGBAT NpeKaJieHO
MHOTO JleJIEHHSs], 3apaJun
CIlIOMeHaTaTa YYBCTBUTEJIHOCT
[IPYU MOHOXpOMAaTH4YHa CBETJIMHA



[IpeacraBdaHe Ha CBET/JIMHATA

10F

* BMecTo TOBa, MOXkKeM Jia U3rpajuM f\s M/ /L
IBETOBA CUCTEMQ, Oa3upaHa Ha TpUTe BUAA |, | |
$OTO-pelenToOpy B YOBEIIKOTO OKO

ozt |

e TakaBa cucTeMa e HeZJoCTaTbyHa 3a HAKOU | |/
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cieliuPUYHU CIydyau UyBCTBATENHOCT Ha TpUTE
BHU/Ja GOTO-pELENTOPH B
* CuMysMpaHe Ha PU3UYHUA ePEKT e 2 olRro (Heprpgv)

y2aucnepcud” (Hamp., AMcnepcusd npe3 npru3Mma),
32 KOMTO € HEOOXOAUM II'bJIHUA CIIEKTHP

e llle magem u Apyru npuMepu



HG,Z[OCTaT'bI_[I/I Ha TPUKOMIIOHEHTHHNA MO/ EJI

* HegocTtaTbyHO NpesicTaBsHE HA
MHPOpMaLUSATaA, KOraTO CBETIMHHUTE
M3TOYHHUIIYM UMAT TECEH CIIEKThP Ha
M3JI'bYBaHEe UJIU OCTPH ,IIMKOBE", KAKTO U
[IPYU TPAaHUYHUS CJIYYaH C
MOHOXpPOMAaTH4YHa CBET/IMHA.

e MucCJ/IOBEH EKCIIEPUMEHT: aKO YOBEIIKOTO 0KO
¥MMallle caMo JiBa BU/JIa peleNnToOpH, CHHHU U
yepBEHM, TO MOHOXPOMHA 3eJieHa CBeT/IMHA
[emnie a U3rjexga eKBUBaJIeHTHA Ha CMecC
OT MOHOXPOMHH CHUHS U YepBeHa
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HeAOCTaT'MpHKOMHO JTHUA MOJieJl
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HG,Z[OCTaT'bI_[I/I Ha TPUKOMIIOHEHTHHNA MO/ EJI

* OTpaxkaTeJIHOCT Ha ABa BUa 604

e bogaucBaMe Helllo C ABaTa THIIa 604

* [Ipu HaxkekaeMaTa »KHU4Ka, 3apaJu IJIaJKusl
CIEKTbP, Pa3/JINYHUTE OOU Ille U3TEeXKAaT
eJHAKBO

e [Ipu kMBa4yHaTa JiaMIa, TE Ie ca pa3JU4HY,
3apaJi¥ CbBIIaJIEHHUETO HAa IMKOBETE Ha
M3J'bYBAHETO Ha JlaMIlaTa U Ha OTPaKEHUETO Ha
bodaTa
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HepocraThiiy HA TPUKOMIIOHEHTHUS MO/ eI

* ChIMA BUJ IIPOOJIEMHU MOXKe [1a UMaMe U IIPU 3aCHEMaHe
Ha o6eKkTuTe c poToanapatT. Tam RGB ceH3opuTe Moxe aa
MMaT pa3JindyHa QYHKIHS Ha YYBCTBUTEJJHOCT CIIPSIMO
LJHOBEIIKUTe"

* M3nmoJsizBaHeTo Ha RGB Moaesia e cTaHaAapTHO B IOBEYETO
[IPUJIOKEHUA HA PEUTPENCUHT aJaroputMmuTe. Ho ako Bce
[IaK UCKaMe Jla u30erHeM ClioMeHaTHuTe IpobJieMu, UMa U
pellleHHe 3a TAX, HO U3WCKBa I0OBeYe CMETKU

* Hamuga pertpencobp Bce nak e e RGB-6asupan



RGB mogensT

Bceku LIBAT ce npeAcTaBsi KATO CMECHUM OIpeeIeHU
KOJINYeCTBa OT TPUTE OCHOBHHU 1IBSITa

Onwucsa ce c Tpouka (R, G, B) crouHoCcTH

OCHOBHMUTE LIBETOBE HE Ca TBbPA0 QUKCUPAHU (3aBUCAT OT
B'b3IIPOU3BEXKAIILOTO YCTPOUCTBO)

[IpenusHo gepuHrpaH ctangapT 3a uBetoBeTe e CIE RGB
oT 1931r.

y Ba31/1paH Had ITPAKTHUHYE€CKH EKCIIEPDHUMEHTH C XOpPa



CIE RGB mBeToBO NpoCTpaHCTBO

* [Ipu Hero, U3noJI3BaHUTE OCHOBHU 11BeTOBe R, G 1 B ca
TBbPA0 PUKCUPAHU MOHOXPOMATUYHU CBETJIMHU

* [lo BpeMe Ha eKClIeprMeHTa, IpeJ YOBEK € CJI0XKEH eKpaH, B
eJJHaTa 0JIOBMHA Ha KOSITO € TECTOBUSAT LUBAT (TO3H, Ha
KOMTO MCKaMe fa HamepuM RGB cTrorHocTUTE), a B
Jipyrara 1oJioBuHa — reHepupaHudaT RGB 11BAT, KaTo ca Ha
pPa3mnoJioXKeHWe TPU KOHTPOJIa, 3a CUJIaTa Ha BCEKH €IUH OT
R, G U B KOMIIOHEHTUTE.

* EkcnepuMeHTaTOpbT Hamiacd R, G u B, fokaTo aBeTe
[I0JIOBUHU ,ChbBIIAAHAT"



CIE RGB mBeToBO NpoCTpaHCTBO

* Taka, 3a BCeKM MOHOXpOMATHU4YEeH U3TOYHUK MOTraT Ja ce
HaMmepAT RGB ctonHocTH

* 'padpukaTa no-70J1y NOKasBa y4aCTHUETO HAa TPUTE OCHOBHU
[IBSATA 3a BCIKAa J'b/IXKMHA HA BbJIHATA OT BUAUMMUSA CIIEKTHP

* 'padukara e crienpryHa 3a
CIE RGB; npu apyr usbop Ha -
OCHOBHHTE LIBETOBE 1Ile U3IJIexKaa
pa3JIM4YHO!

0.20 F

0.10

0.00

'O,I{}_lllllllllll\/ 11111 Lo v v i1y Lo v v a0 a0 =

400 500 A 600 700 800




CIE RGB mBeToBO NpoCTpaHCTBO

* UMa v oTpujaTeJIHU YacTU OT rpapUKaTa: KbJETO HE €
OMJI0 Bb3MOKHO /1a Ce IIOCTUTHE ChBIaJileHUE Ype3
HacTpouBaHeTo camo Ha RGB uBeTa, fo6aBsaau ca RGB uBaT
K'bM , TeCTOBaTa" 4acT, KaTO J0OaBEeHUAT UHTEH3UTET ce
MHTEpPIpeTUpa KaTo OTpHUIlaTeJIEH B rpadpUKaTa

e CJieloBaTEJIHO, HE MO>KEM Jia IOCTUTHEM BCUYKH
B'b3MOXXHHU 1|BeTOBe caMo ¢ RGB crorHocTtu B [0.0, 1.0]

e [IpakTUYeCKH NpHUMepP: IOBEYETO MOHUTOPH HEe MOraT Ja
M300pa3sT HACUTEHO XKbJITO



RGB B npakTH4YeCKHUTE YCTPOUCTBA

* 3apaau cnoMeHaTuTe HegocTaThiy, CIE pa3paboTBart u
TAXHOTO XYZ 11BeTOBO IpocTpaHCTBO (XYZ = RGB)

e Hama OTpHULaTE/JIHN YaCTH

 BcuykH 1IBETOBE MOraT Jia ObJaT NpeJcTaBeHH, HO 3a CMeTKa Ha
TOBQ, X, Y ¥ Z 1BeTOBeTE Ca ,,U3KYCTBEHU - U3JIM3aT U3B'bH
BUJIUMUTE OT YOBEK

* Ha npakTUKa MoBe4YeTOo Bb3MPOU3BEXK Al YCTPOUCTBA
nedbUHUPAT OCHOBHUTE CH LIBETOBE B XYZ MPOCTPAHCTBOTO
U 'O ITOJI3BAT 34 €TaJIOH 33 TOYHO Bb3MPOU3BEXK/JaHe Ha
[IBETOBETE



[IBEeTOBU TPHU'BI'BJIHUK

 Ha npakTuKa, OTTEeHbKA HA Aa/ieH LIBAT UMa JiBe CTEIEHHU
Ha ceoooga (RGB(0.8, 0.8, 0) u RGB(0.5, 0.5, 0) Bce e »KbJTO,
CaMO BTOPOTO € NO-T'bMHO). 3aTOBA ,,4UCT OTTEHHBK UMaMe
korato R+G+B = 1.

* MoxxeM Ja CbIIOCTAaBUM ,,Y4UCTUTE" OTTEH'BIM C KOOPAHUHATH
B 2D TpUBI'bJHHUK (BbPXOBETE HA KOUTO Ca YUCTO
yepBeHO/3eJieHO0/CUHBO). TO3U TPUBI'bJHHUK OOMKHOBEHO
ce 10JI3Ba Npu AeprHUpaHe Ha KOHKpeTHO RGB 11BeToBO
npoctpaHcTBo (CIE 1931, sRGB u nip.)



BETOBHU TPHUBI"'bJIHHUK




[IBEeTOBU TPHU'BI'BJIHUK

* ToBa, KoeTo ce BUXK/IAa OT IBETOBUA TPU'BI'bJHHUK €, Ue 3a
KOHKpeTHO RGB npoctpaHcTBO, KOorato yuctute R, G u B
[IBETOBE Ca peaJiHU, TO BUHAaru UMa OTTEH'bIU, KOUTO He
MOrarT Jia ce U300pas3sT B TOBA IPOCTPAHCTBO

* OcBeH aKo He pa3pellnaBaMe CTOMHOCTU U3BbH [0..1]



SRGB BeToBO MPOCTPAHETBO

* SRGB ce n3noJi3Ba 3a noBe4yeTO OOMYAKWHU YCTPOUCTBA
(MoHHTOPH, poTOanapaTH, HPUHTEPHU...)

* Jlobpe feprMHUPAHU OCHOBHH 1LIBETOBE

* Gamma correction - 3apagu ocooeHocty Ha CRT
KUHECKOIIMUTE U YOBEIIKOTO 3peHUE, SPKOCTTA HE €
JIAHEWHO 3aBUCUMaA OT OJIaBAaHOTO HAIllpeXXeHHe, a Ce MEHU
NPUOJIM3UTEJNHO 110 3aKkoHa Output « Input’, kbaeTo v e
raMa-CTOMHOCTTA; OOMKHOBEHO Y = 2.2

* [Ipu sRGB, crorHocTuTe Ha R, G 1 B ca npeaBapuTeiHO
KOMIIEHCUPAHU 3a raMa (HeyTpasiMsupar ebekrta npu CRT-TaTa)



SRGB BeToBO MPOCTPAHETBO

* PeasiHaTa MHpOpMalKs, 3allMCaHa B KAPTUHKA OT
noaxoasu ¢opmart (Hanp., JPEG ¢paia) e HeJiMHeMHA — UMa
gamma KOMIIpeCHs; OT HAaC 3aBUCH JIa 1 IPEXBbPJIUM B
JMHenHOTO RGB nmpocTpaHCcTBO (a2 HAIKOXU OMOJIMOTEKHU
[IPaBAT U TOBA BMECTO Hac)

* MonuTtopuTe (gopu LCD) usuckBaT gamma-KoOMIIpeCUPaHHU
JaHHU

* llle HU ce HaJiara Jia MpaBUM MpPEeBpPbBIIaHE, Tpeid /a IOKaXKeM
pe3yJiTaTa OT peH/Jepa Ha eKpaHa!




Jlunernno RGB npocTpaneTBO

* B rpadurynus codpryep, SRGB npocTpaHCTBOTO € HEYA00HO
3apa/id HEJIMHEMHOCTTA CH (YCJIOKHSIBA Ce CMECBAHETO Ha
[IBETOBETE U IIp.), 3aTOBA Ce paboTH B IMHEMHO RGB
[IPOCTPAHCTBO, a NpeBpbllaHeTO KbM SRGB ce ocTaBs KaTo
[ocJe[Ha CTbIIKa IpeAu BU3yaid3alius

* B raytracing codpTyepa, npueTo e yucsara ga ca ot 0 go 1.
* [0.0,1.0] =0, 255]

B MEXXAUHHUTE CMETKH MOKe J1a pabOTHM ChC CTOMHOCTH
u3BbH (0.0, 1.0]

° .. M Ja OTpeEKeEM CTOUHOCTHUTE Inpean ad ru rioKaxemM Ha €KpaHa



HELio Papl?r

TEND!!




Onepanuu B MHENHOTO RGB mipocTpaHCcTBO

 CbOUpaHe

« C=A+B<(R,G,B)=(R+R,G +G_,B +B )

 Hampumep, cMecBaHETO OT CBET/IMHUTE Ha JBa IIPOXKEKTOopa
* YMHOXeHUe

- C=A-B(R,G,B)=(R*R,G *G,B*B)

 HampumMmep, cBeT/IMHATA OT X'bJIT HPOKEKTOP, OTPA3eHa OT CUHbO-
3eJIeH JIMCT € 3eJIeHa



Onepanuu B MHENHOTO RGB mipocTpaHCcTBO

* YMHOX€eHHUE 10 KoePHUILIUEHT
« B=A*ke (R,G,B) = (R*k G *k B *k)

* Hanpumep (ripu k = 0.5) - cBeT/IMHA, ciiel; KaToO € MAHAaJIa lpe3
GUITHP, KOUTO norrbina 50%

* YecTOo U3I10/13BaHa KOMOUHALKMSA OT YMHOKEHHUETO I10
KOeQULIMEHT U CbOMPAHETO € ollepanusTa ,pa3je/ssHe":

e A=C*o;B=C*(1-a) (0sa<s1)

* Hampumep, cBeTIMHEH JI'bY cpellla CThKJI0. CBeT/iMHaTa C ce pa3jaeJid
Ha oTpa3eHa (A) u npeuyneHa (B)



Onepanuu B MHENHOTO RGB mipocTpaHCcTBO

& HaMHpaHe Hd UHTEH3UTET HA LIBETA

e JlupekteH noaxoa:I=(R+G+B) /3

* [lepuentyasieH noaxon: [ =(R*0.299 + G*0.587 + B *0.114)
* bsiM3ocT Ha ABa LIBSATA

e D=|R-R|+|G -G |+|B -B,|

— Ho ToBa He e nepuenTyajHa 6JIM30CT; IO-HATAThK 1€ JaAeM IPUMED 3a
0-00Bbp NOAXO0/,



RGB 11B€TOBO NIpOCTPAHETBO

* B 3D rpagukara, RGB cTtoriHOCTH M3BBH 06xBaTa [0.0, 1.0]
ca pa3pelleHM 3a CBETJIMHATA; HO Ca HEBAJIMJHHU 3a

MHOXMCUMeE/IU, KaTO HallpUMeD 3a 1IBeTa Ha JaJieH 00€eKT

e AKO UHTEH3UTEeTa Ha LIBeTa Ha 00eKTa e HaJa 1, To cBeT/IMHATA,

cjaen oTpaxKeHue, 1€ Ce yBe/Jin9aBd, BMECTO Jad HaMadJIfdB4d,
I10J1y49aBa Ce CBET/IMHHA €KCIIJIO3 A

* Ha npakTukKa, 10py CTOUHOCTH OJIM3KH 210 1 ca orlacHH, 3al0TO
[IpeJU3BUKBAT TB'bP/ie MHOI'O TPpaCUpPaHe Ha CBETJIMHHUTE JI'b4U



RGB 1BeToBU MpOCTPaHETBA

ChirecTBYyBaT MHOT0 AepruHUIMUA Ha RGB niBeToBU
[IPOCTPAHCTBA

[loBeyeTO ca IMHEMHHU U MOTaT /ia Ce IPEBPbILAT €HO B
JIPYyT0 4pe3 MPOCTO MATPUYHO YMHOXKEHUE

AKo He pa3penraBaMme CTOMHOCTU U3BBH [0.0, 1.0], HUTO
eJHO OT TSX He MOXKe Jja U300pa3u BCUYKH LIBETOBE,
BUJUMH OT YOBEKA

MMa 1 apyru IMHEUHU IPOCTPAHCTBA, KOUTO He ca RGB



[Ipumep — YUV 11BEeTOBO IPOCTPAHCTBO

[IpuMep 3a He-RGB JinHENMHO IPOCTPaHCTBO (Ollle ce
Hapuya YC C )

Y-KOMIIOHEHTBT I1a3U APKOCTTA, a PYTrUTe — [IBeTa
- Y=(R+G+B)/3
- UxG-R
- VxG-B
[Ion3Ba ce B JPEG u MPEG koMIipecurTe, KaTO 0OMKHOBEHO

U u V KaHa/IMTe ce Na3saT OTAEJHO OT Y M TO C [TO-HHUCKA
pa3/ieJIMTeJHa CIOCOOHOCT

[Ipu yepHOOenu n3oopaxeHud, U 1 V Ha IpakTHKa OTIIaJaT



[Ilpumep - HSV 11BeTOBO ITPOCTPAHCTBO

[IpuMep 3a HeJiMHEeNHO, He-RGB nmpocTpaHCTBO

HSV = Hue, Saturation, Value

* Hue - oTTeHBbK (MOHOXpPOMATHYEH)

e Saturation - HaCMTEHOCT (IpHU HUCKHW CTOMHOCTH, I[|BETA € CMECEH
CbC CHBO)

e Value - apkoct

JlecHo ce nnpeBpbia 40 RGB 1 o6paTHO

[logxondino 3a BXoJ OT NOTPEOUTES, ThU KAaTO € I0-0JIU30
J10 YOBELIKOTO yCelllaHe 3a ChbCTaBa Ha IIBETa



[Ipumep - L*a*b™ uBeTOBO IPOCTPAHCTBO

 L*a*b* (CIELAB) e npuMep 3a nepiuenTyajaHo IBETOBO
[IPOCTPAHCTBO

* [Togo6Ho Ha YUV, L kaHa/I'bT ITOKa3Ba APKOCTTA, a APYTUTE
JIBa Ca IBETOPA3JIMKOBHU

* [lepuenTtya/sHUTE My KadeCTBa Ce CbCTOAT B TOBA, Y€
pasJiMKaTa MexAy ABa L*a*b™ uBdaTa orroBaps Ha
4YOBEIIKOTO yCelllaHe 3a pa3JjiuKa MeX/y IIBETOBETE



L*a*b™ iBETOBO IPOCTPAHCTBO

* Hanpumep: ako imame G U G' — iBa OTTEH'bKA HA 3€JIEHOTO;
B u B' - 1Ba 0TTeHbKA HAa CUHbOTO; U pa3JIMKaTa B
nBetoBeTe G U G' U3rysexaa noJgoo6Ha Ha Ta3u Mexxay B u B,
TO B L*a*b*, Te3u 1iBeTOBE I11ie ca Ha PAaBHO €BKJIN/I0BO
pa3CTosIHUE

* L*a*b* ocBeH TOBa B3eMa B IIpeJBH/, Ye IIPU MHOT'O ThbMHH
M MHOT'O CBETJIM LIBETOBE, YOBEIIKATa YYBCTBUTEJIHOCT 3a
KOHTpAcCT naja

* L*a*b* e 6a3upaHo Ha XYZ 1 MOXe [ja IpeJCTaBsd BCUYKHU
BH/JMMU OT YOBEKA L[IBETOBE



HDR

* HDR mo2ke fga o3HayaBa [Be pa3JIMuYHU Hella (B 3aBUCUMOCT
OT KOHTEKCTA)

 HDRI: High Dynamic Range Images
 HDRR: High Dynamic Range Rendering



HDRI

* Haun-kpatko, HDRI e n3nosi3BaHeTo Ha H300paKeHUs
ChJ’bPKallly [IBETOBE C IlJIaBalla 3amneTtad (floating point)

* TpagULIMOHHO, AUCIIJIEM TEXHOJIOTHUUTE
(MOHUTOpPU /IIPUHTEPH /TIJIOTEPH ) MOTaT Ja IIOKAa3BaT
dbHKCHpaH 00XBaT OT IIBETOBE

 Han-yecto Truecolor, T.e. no 8 6uTa 3a komnoHeHTa (R8G8B8)

 C Ipyru AyMH, aKO eIMHCTBEHaTa QYHKIUA HA €JHO
M300paXkeHue e Ja O'bJle I0OKa3aHOo Ha eKpaHa, HAMa
CMUCDHJI Ja Ce Na3siT MoBedye OoT 8 6MTa 3a KOMIIOHEHTA

* ... ¥ TOBA IIPaBSAT MOYTHU BCUYKH PpanJIOBH GOPMATH



HDRI (2)

 Obaye, 8 6MTa 3a KOMIIOHEHTA 0O3HA4YaBa, Ye pa3jrKaTa
MeXX/1y Hau-TbMHUS ITUKCEJ U Hau-CBETJIUA ITUKCeJ B
M300paKeHUeTOo MOKe Jia e MakcuMaJHo 255:1

* B peasHus cBAT Ta3u pasJjivka Moxe za e 10 50000:1

* B pe3ysiTaT Ha KOETO...



““HDRI (3)




HDRI (4)

* HDR ¢ansioBuTe GpopMaTH 103BOJISABAT Ja CE€ ChbXPaHU
[sJ1aTa UHPOpMaLusd

* be3 OTPpA3BdHE Ha MHOI'O CBETJ/IKM UJIKM MHOT'O T'’bMHH ITKUKCEJIN

* be3s J1a ce ryodaT IBETOBU JleTalJIN
e 3alll0 TOBA € BaXXHO?
* Postprocessing

* High Dynamic Range Rendering

* Debugging






HDRI (6)

* HDR ¢ansoBu popmaru:
e Radiance RGBE, .hdr

* TIFF, .tiff
* OpenEXR, .exr

* AKO TpsibBa Ja usbepete equH, usbepere OpenEXR

* Pa3paboreH npe3 1999 ot Industrial Light and Magic (ILM) 3a
TEXHUSA BbTpPelleH copTyep U ycHAT opensource npe3 2003

* Yucro C++ API (v uMIieMmeHTaLUs )
- Csbuo C, Python, Ruby, Perl, Lua, Haskell, etc.

* [logabprka ce OT BCUYKHM rpadUYHU NIPUJIOXKEHHUS (Bede)



HDRI (7)

 YucsaTa c rJiaBailia 3aneTas UJBaT B JiBa BKyca

* Single precision: float

— 32bit - sign 1 bit, exponent 8 bits, mantissa 23 bits (+1 hidden bit)
* Double precision: double

— 64bit - sign 1 bit, exponent 11 bits, mantissa 52 bits (+1 hidden bit)

e [lonsikora 32 6uTa ca nIpeKajeHo MHOTO

 C apyru AyMH, MOKe Jla C€ MUHE C ITI0-MaJIKO IPELM3HOCT, 6€3
0Co0O€eHa 3aryba Ha Ka4eCTBO



HDRI (8)

* Yucrto HOB BKYyC!

e Half precision: half
— 16 bit - sign 1 bit, exponent 5 bits, mantissa 10 bits (+1 hidden bit)

* [IbpBOHavasHO cb3gazeH oT ILM 3a OpenEXR, cien ToBa e IEEE
CTaHAapTU3HUpPaH

* [Iogbpxka ce ot rpapuuHuTe API (OpenGL, Direct3D) u TexHure
shading e3uuu (HLSL, GLSL, Cg)

* Half TekcTypu 3aeMaT 2x mo-MaJiko MsiCTO 6e3 BH3yaJiHa 3aryba




HDRR

* 3a High Dynamic Range Rendering (HDRR) u Image Based
Lighting (IBL) 11e roBopuM cjie HAKOJKO JIEKIIUH

* [lonexe IBL e enfHa oT ocHOBHUTe MoTUBauuu 3a HDRI, mie
CIIOMEeHEM HAKOJIKO IyMU



* OcBeT/JIEHUETO MOXKe J1a He
MJiBa OT JIaMIIH, 4 CaMO OT
elHa ,,00KP'bXXEeHUETO",
ype3 KapTUHKA. 3a [a
CUMYyJIMpaMe SIPKUTE
(,cBeTeln") 4yacTU B
caMaTa KapTHHKa, TpsiOBa
TSl Jla € C LIUPOK
NTUHAMU4YEH 00XBaT




Image Based Lighting

e CJyiefBalllaTa CTpaHHUIA II0OKa3Ba CaMOTO ,,CHUMaHe" Ha
TaKaBa KapTUHKA, 3a ynorpeba npu IBL



ImMﬁsed Lighting (2) .




Image Based Lighting (3)

* Yrnorpeba Ha nnosiydyeHud environment HDRI
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