Imagens Coloridas

Como os computadores conseguem colorir as imagens?
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Percepcao de Cores

Radiagbes
Sinais luminosos

r
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Sistema Visual S
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Diferenciacao de Cores
Metameras

Energia
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Distintas distribuicdes espectrais, porém mesma percepcéao colorida
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Células Fotoreceptoras

Visao fotopica (diurna) : visdo
adaptada a altos niveis de
luminéncia. Visdo colorida.

Visdo mesopica: visdo adaptada a
regides de niveis intermediarios.

Visao escotépica (noturna): visdo
adaptada a baixos niveis de
luminéncia. Os bastonetes
respondem melhor.

Log Relative Sensitivity

400 &00 400 700
Wavelengfh (nmj
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Células Fotoreceptoras
Daltonismo por auséncia de cones

*Protanopia : auséncia de cones "vermelhos" ou de
"comprimento de onda longo", resultando na
impossibilidade de discriminar cores no segmento verde-
amarelo-vermelho do espectro.

*Deuteranopia : auséncia de cones "verdes" ou de
comprimento de onda intermédio, resultando, igualmente,
na impossibilidade de discriminar cores no segmento
verde-amarelo-vermelho do espectro,

*Tritanopia : auséncia de cones "azuis" ou de comprimento
de onda curta, resultando na impossibilidade de ver cores
na faixa azul-amarelo.
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Teoria Tricromatica
Young, Helmholtz e Maxwell

Funcgbes de Sensibilidade Espectral
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3 tipos de cones

Normalized absorbance
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Wavelength (nm) »
After Bowmaker & Dartnall, 1980
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Teoria Tricromatica
Mistura Aditiva

Primeira foto colorida resultante
da projecdo conjunta de 3
imagens (verde,vermelho e azul),
James Clerk Maxwell, 1861

EA978 — 252008 - Ting

Cathode Ray Tube

Picture tube ——=,

Electron guns

Color signals
Electron Beams Shadow Mask
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Teoria Tricromatica
Reconstrucao Espectral
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Percentagem em funcéo da intensidade
maxima das luzes monocromaticas R,G,B

400 300

A(A) = rR(A)+ gG(A) + bB(A)
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Teoria Tricromatica
Leis de Grassman

1. Qualquer cor pode ser especificada como mistura aditiva de 3
cores independentes.

2. A cor de uma mistura aditiva ndo se altera quando
substituirmos as cores componentes pelas suas metameras.

3. Se uma componente de uma mistura aditiva é alterada numa
dada proporcéo continuamente, a cor da mistura € modificada
na mesma propor¢ao continuamente, obedecendo as leis de
simetria, transitividade e linearidade.
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Espaco de Cores

Funcdes de Reconstrucdo Espectral com 3 cores

Leis de Grassman

]

Espaco Vetorial de Cores
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Espaco de Cores RGB

C=rR+9gG +bB

®
S Thab)
R
B Uma cor pode ser

obtida como soma

ponderada de

somente trés tipos de
EA978 — 252008 - Ting radiagdes (primarias).

Espaco de Cores RGB

G

Matiz e saturacao

Normalizar energia R

(RIC,GIC,BIC) L
I X R C =R+G+B 5 Projecéo

Diagrama de
Cromaticidade RG

Como eliminar os valores negativos de R?
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Espaco de Cores XYZ

B W.A_ Sieer | www techmind org
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Espaco de Cores XYZ

Y : Funcéo de Eficiéncia Luminosa

684 Im/W + Luminancia
constante
relative
sensitivity
t } t
400nm 550nm 700nm wavelength

380nm 750nm
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Espaco de Cores XYZ
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X+Y+Z=C
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Mudanca de Espacos

XYZ €-> RGB
X L e b bS] [R . 0.49 0.31 020 ][R
Y| =5 |bn by by||G| =cmmres |017697 0.81240 001063 |G
A 2L by by bas| | B . 0.00 0.01 099 ||B
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Diagrama de Cromaticidade CIE

0.9
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Diagrama de Cromaticidade
Metameras

R—Red
B—Blue
G—~Green
Y—Yellow
0—CQrange
P—Purple
Pk—Pink
Lower case ish

blue

red yellow

green purple
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Diagrama de Cromaticidade
Saturacao/Pureza de Cor

0.9

~Cores saturada

Comprimento de
soo/- onda dominante
620

t: pureza de cor

0.0 B
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Diagrama de Cromaticidade
Cor Complementar
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Diagrama de Cromaticidade
“ Brancos”

T
0.4
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Diagrama de Cromaticidade
Branco de Referéncia

Nome Temperatura |Coordenadas Fonte

llluminant A 2856 (0.44757,0.40745) [Wyszecki82, p 139]
[Agoston87, p. 103]

llluminant B 4874 (0.34842,0.35161) [Wyszecki82, p 139]
[Agoston87, p. 103]

llluminant C 6774 (0.31006,0.31616) [Wyszecki82, p 139]
[Agoston87, p. 103]

llluminant D65 | 6504 (0.3127,0.3291) [Walker98]
[Agoston87, p. 103]

Direct Sunlight | 5335 (0.3362,0.3502) [Agoston87, p. 103]

Light from 6500 (0.3134,0.3275) [Agoston87, p. 103]

overcast sky

Light from north | 10,000 (0.2773,0.2934) [Agoston87, p. 103]

sky

on a 45-degree

plane

llluminant E 5400 (1/3,1/3) [Wyszecki82, p 139]
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Diagrama de Cromaticidade
Mistura de Cores

0.9

520
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Diagrama de Cromaticidade
Gamute de Cores
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Diagrama de Cromaticidade
Gamute de Monitores
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Unique yei;low

out here

06

| 1931 CIE Chromaticity
| Diagram

The comers of ;ihis triangle is
approximately where the phosphors
i of a typical calor monitor plot |

0.8

i "U&i}uégaod plots
: aboul here

Diagrama de Cromaticidade
Cromaticidade dos Foésforos de Monitores

Nome R G B Branco

Short-Persistence (0.61,0.35) (0.29,0.59) (0.15,0.063)

Long-Persistence (0.62,0.33) (0.21,0.685) | (0.15,0.063)

NTSC (0.67,0.33) (0.21,0.71) (0.14,0.08) lluminante C

EBU (0.64,0.33) (0.30,0.60) (0.15,0.06) lluminante
D65

Dell (0.625,0.340) | (0.275,0.605) | (0.150,0.065) | 9300K

(all monitors except 21"

Mitsubishi p/n 65532)

SMPTE (0.630,0.340) | (0.310,0.595) | (0.155,0.070) | lluminante
D65

P22 phosphor in NEC | (0.610,0.350) | (0.307,0.595) | (0.150,0.065) | (0.280,0.315)

Multisync C400

P22 phosphor in KDS
VS19

(0.625,0.340)

(0.285,0.605)

(0.150,0.065)

(0.281,0.311)

BAR}S BrizpaorsssTiteDs

(0.700,0.300)

(0.170,0.700)

(0.130,0.075)

(0.310,0.320)




Diagrama de Cromaticidade
v Subespaco de cores

m 540 | 1853 NTSC COLOR GAMUT

NTSC / PAL / SECAM / HDTV
uT

INK [ DYE COLOR GAMUT

Todas as cores de um
dispositivo séo
reproduziveis noutro
dispositivo?
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Espaco de Cores LUV

Cores perceptivamente uniforme

620 g4
* «sGEO

SMPTE gamuit
red+blue mixtures

CIELUV
1976




Mudanca de Espacos
LUV € XYZ

L* =116 (Y/Y,)®-16,Y/Y,>0.01
u* =13 L* (u-u’,)
v =13 L* (V- V')

. 4X )/
U="X+15Y +3Z V=X +15Y + 32
4X 9Y,

n R

| V =
n~— X, + 15Y, + 3Z, n— X, +15Y,+3Z,

u

(X4, Y, Z,): branco do dispositivo
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Modelo de Cor

RGB: Gamute de monitores

Blue = (0,0,1) Cyan- (0.1.1)

W 1
Magenta = (1,0,1) White = (1,1,1)
Black = (0,0,0) --) Green = (0,1,0)
Red = (1,0,0) Yellow = (1,1,0)
E55,255,00 CJ\ (__-') (255,255,255)
R TS
‘ b 233,00
(255,0,255)
Z P
)
QasEn ™, P
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Modelos de Cor

Aditiva - Cores Primarias

Additive Primaries

by Bethanie Robinson
Gieog. 4100; April, 1897

Modelo de Cor

Converséo entre Dispositivos

'.T.-Jl.
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Diagrama de Cromaticidade CIE

0.9
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Modelos de Cor

Converséo de cores = mudanca de bases
Ml MZ
(R1,G1.B) —— XY.z) — (R2,G,.B»)

~ X1Cr1 X31Cg1 X0 1Cp1) (X12Cr2 Xg2Cg2 Xp2Cph 2
Mi=1y1Cr1 ¥91Cq1 Yb1Coi||Y2Cr2 Y¥g2Cg2 Yb.2Cp2| = Mo
2,,Cr1 Z31Cq1 Zp1Cpa||Zi2Cr2 Zg2Cg2 Zp2Ch

1. As luminancias méaximas das 3 cores sao

conhecidas: Y,, Yy € Yy,

Y Y Y

C . = rl c..=_ 9t C..=_ "2t
nl Yia o1 yg,l ot Yb1

2. A cor de referéncia branca é conhecida (X,,Y,Z,)

-1
X1 Xg1 Xp1 X, C,
Yri Yo1 Yol |y | =]|C
Zi1 Zg1 Zpg W c?
’ g’ 1 ZW b




Modelo de Cor

Mistura Subtrativa

Z

s
»

Modelo de Cor

Subtrativa - Cores Primarias

N
Amarelo




Modelos de Cor
Mistura Subtrativa

HEFLECTED
LiGHT WHITE LIGHT

MR

— CYAN 100%
T vrow
< WHITE SURSACE 100% REFLECTENCE ——»

Impresséao Colorid

Modelo de Cor

CMY: Gamute de Impressoras




Modelos de Cor

Mistura Subtrativa

Tr: ene.net

Tintas

Reflectance

400 425 450 475 500 525 550 575 600

Wavelength {nm)

Modelo de Cor
YIQ: Sistema de televisdo NTSC

| : faixa laranja - azul
Q: faixa verde violeta
Y: luminancia

Y 0.299 0.587 0.114) (R
I | = 0596 -0.275 -0.321 |G
Q 0.212 -0.523 0.311) (B




Modelo de Cor

HSI: Gamute orientado a usuario

Blue = (0,0,1) Cyan = (0,1,1)

Magenta = (1,0,1) White = (1,1,1)

Black = (0,0,0) Green = (0,1,0)

Red=(1,0,0)  Yellow =(1,1,0)

Vermelho Ciano

(0°)
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Modelo de Cor
HSI

Saturagdo: pureza da “cor”

MNeutral Saturation Saturation
Axis £0% 100%

180"

Intensidade: brilho da cor

Matiz: comprimento de onda
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Modelo de Cor
HSI

Value = 0.50

Green, H=120° AV white, S=0,V=1

\
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Hue = 135.

e

Hue = 225, Hue = 315.

. \H

" Black, V=0

Modelo de Cor
RGB > HSI

Ph=(0,0,1)

Blue Pb=(001)

Magenta Pe=(0,1,0)

P

Red

Pr=(1,0,0)

| =1/3 (R+G+B) os( (0.5%((R-G)+(R- S =1-(3/(R+G+B))

c
/ g(R-G)2 +(R-B)*(G-  *min(R,G,B)

Se S=0, H é indefinido

r=R/l;g=G/l;b=Bll
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