Modelos de Cor

Hughes et al. - Cap. 28

IA725 — Primeiro Semestre de 2016
PE - 22

Profa. Ting



Radiacoes
Sinais luminosos
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Sistema Visual

Sistema Visual

Sinais visuais
Retinaﬂ -

Cornea
\
\ ‘
Iris
— -
Pupila

Cristalino

FoOvea ou
mancha amarela

Cones sensiveis a
comprimento de onda
curto, médio e longo

Sensacao de cores

Sinais elétricos

Respostas




Ondas Eletromagnéticas Visiveis

What is Lig 1?

=————— THE ELECTROMAGNETICSPECTRMM=————— H
10-% m 10-%m
RADIATION = INFRARED ULTRAYIOLET RADIATION = UY |
A I |

Adapted] with permision lrom
San Disgo Supecompuling Center (SDSC), 1001

380nm 750nm

Codificacao em cores
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Log Relative Sensitivity

Células Fotossensiveis
Cones e Bastonetes

400 500 600
wavelength (nm)
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700

Visao fotopica (diurna) : visao
adaptada a altos niveis de
luminancia. Visao colorida.

Visao mesopica: visdo adaptada a
regides de niveis intermediarios.

Visao escotopica (noturna): visao
adaptada a baixos niveis de
luminancia. Os bastonetes
respondem melhor.



Teoria Tricromatica

Young,Helmholtz,Maxwell

Funcobes de Sensibilidade Espectral

3 tipos de cones

Normalized absorbance

200 500 600

Wavelength {nm) A
After Bowmaker & Dartnall, 1980
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Processo

Oponente
Hering

relative visual responses

Opponent-Process Theory 0
5 A L 5 M L 5 M L
I i I I I | =25+
n B =0
black-white red-green blue-yellow
Achromatic System Chromatic System
=I5+
=100-

http://www.psych.ucalgary.ca/PACE/VA-Lab/c

oIourwj%@qoﬁﬁsghtm

+T5-

+ 50—

+ 25—

440

photopic sensitivity

function

445

B\ /G LY [R]
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wavelength (nm)


http://www.psych.ucalgary.ca/PACE/VA-Lab/colourperceptionweb/theories.htm
http://www.psych.ucalgary.ca/PACE/VA-Lab/colourperceptionweb/theories.htm

Modelo de Processamento Visual

«mm Display

Information
system

(teoria tricromatica)
| (teoria de processo oponente)

Stage 1 Stage 2 Stage 3

Verbal
Features workin
; "What" system memor?f
Patterns Visual @

working

O

Po®

. Egocentric object and
pattern map

"Action” system

Figure 1.11 A three-stage model of human visual information processing.



Percepcao Visual
Metameras

Distintas distribuicoes espectrais, porem
mesma percepcao colorida

-

. Energia
10
8
A\ S
4
2 r
(nm) N
400 500 400 700
\ wavelength [nm)
Diferenca minima para _
Comprimento de onda

gue duas cores sejam

perceptualmente distintas
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Cores

Respostas neurais aos estimulos das células
fotoreceptoras pelas radiacoes eletromagnéticas
refletidas pela superficie dos materiais fisicos.

Fendmeno psicofisioldgico
Fendmeno psicofisico
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Lel de Weber

 JND - Just Noticeable Difference

_AI
I

k

* Para gerar a mesma diferenca na
percepcao, a variacao da intensidade e
oroporcional a intensidade do estimulo.
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Especificacao

Grandezas colorimétricas Grandezas fisiologicas
Comprimento de onda dominante <TMatiz: cor

Pureza na excitagao St Saturacao: tonalidade da cor
Luminancia <1+ Brilho: brilho da cor

t Energia
Distribuicdo de energia de c
uma cor “monocromatica”; 2
s6 ha um comprimento Comprimento
dominante de onda
dominante BRANCO =
E,-E E, radiac6es de todos
Pureza = E <— 0s comprimentos
’ , com amesma
Luminancia o Energia energia
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“Algebrizar” cores

Funcoes de Reconstrucao Espectral com 3 cores

|

Leis de Grassman

|

Espaco Vetorial de Cores
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Reconstrucao Espectral
Funcoes

> DA ET

(h. 30

(.2

(. 10

(h.IM)

-1, 10

Percentagem em funcao da intensidade
maxima das luzes monocromaticas R,G,B

41K) SO0 :,|'r I T00

A(A) = rR(A)+ gG(A) + bB(A)
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Unicidade

bastonete

S.=r1S; + gS;; + bS,
M. = rM; + gM; + bM,
L. =rL; + gL, + bL,

MNormalized absorbance

200 500 600

Wavelength {nm) A
After Bowmaker & Dartnall, 1980

C=aR+BG+YyB=0aS. + M, + L,
Cor = (a0, B,7)

IA725- 1628ida @@ tem uma proporgao de pesos distinta



Funcao de Eficiéencia Luminosa

A
634 Im/W- Luminancia
constante
relative
sensitivity
| I . —
400nm 5350nm 700nm wavelength

380nm 750nm



Leis de Grassman

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

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

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

C=rR+gG +bB

Uma cor pode ser

obtida como soma

ponderada de

somente trés tipos
R, de radiacfes.
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Espaco de Cores RGB

1G

Matiz e saturacao \
Normalizar energia_—"~

, (R/C,G/C,B/C)
e R C =R+G+B B v

Projecao

B Diagrama de
Cromaticidade RG

IA725- 152016 - Ting ESPa¢o Homogeéneo




Espaco de Cores XYZ

380 400 420 440 450 4380 | R20 R40 RED R0 EQO E20 0 EE0 &30 Fao 720 740

wavelength fnm

IA725- 152016 - Ting Funcao de eficiéncia luminosa



Funcao de Eficiéencia Luminosa

A
634 Im/W- Luminancia
constante
relative
sensitivity
| I . —
400nm 5350nm 700nm wavelength

380nm 750nm



(R,G,B) — (X,Y,2)
. by by bys| [R] . [ 0.49 0.31 0.20
= |bu by by |G| = oor |0.17697 0.81240 0.01063
2\ by by bis| B Y7 000 001 099 |
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Espaco de Cores XYZ

, 1 X
k? —
f X=7¢C
_ _Y
4 C
_ _Z
7 =
> C
\\ C=X+Y+Z
X X+y+z=1

Normalizacao

Espaco Homogéneo

Mostra a percentagem
das cores primarias
que

compdem o croma
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Aplicacao 1:
Saturacao/Pureza de Cor

0.9

0.8

0.71 Cores saturada

0.6

Comprimento de

** /' onda dominante
620

t: pureza de cor
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Aplicacao 2:
Cor Complementar

0.7

0.6
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CLE. 2
CHROMATICITY
DIAGRAM®

red yellow green
IA7Z25— 1SZ01b - 1INg

biue

Aplicacao 3:
Metameras

purple

R—Red
B—Blue
G—Green
Y—Yellow
O—Orange
P—Purple

560 Pk—Pink

Lower case ish

320

From Computer Graphics, ES. Hill



Aplicacao 4:

Identificacao de “Brancos”
A 2

BLUE

FPURFLE

YELLOW
GREEN

] ()
65 .
10000

20000

e
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560 YE LGW ‘r'E LOW

WHITE

3

aREEN

‘FELL{]W ORA

I 2000

1000 & n ﬁ“ﬁ“
et

PINK

PURPLISH
PINK




Alguns “brancos-padrao”

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]

[lluminant 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]

[Agoston87, p. 103]




Aplicacao 5:
Mistura de Cores
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Exemplo

Determine as coordenadas de cromaticidade CIE do
resultado da mistura das 3 cores C,=(0.1,0.3,10), C, =

(0.35,0.2,10) e C, = (0.2, 0.05,10).

C, =Yy X, =x,Cy; Z, =(1-x,-y,)Cy
C, =Y, ly,; X, =X,C,; Z, =(1-X,-y,)C,
Cs = Yalys Xs = XG50 Z5 =(1-X5-Y5)Cs

X103 = (X,C; + X,C, + X,C,)/(C+C,+C,)
Yis = (V.G +Y,C, +y,C)/(C+C+C,)

Y123: Yl + Y2 + Y3

Resposta: (0.215,0.106,30)



Formacao Aditiva de Cores

Vermelho
Verde
Azul

IA725— 152016 - Ting
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Monitores

Cathode Ray Tube

Picture tube ———

Elechl‘c-n guri@ixel

|

Electron beams




Aplicacao 6:

Gamute de Dispositivos

0.8

Unigue
green
about
here

Y 04

0.6

1931 CIE Chromaticity
Diagram

Unique yellow

jbuut hera

0.2 e 7 Unigue red plots
EEE“E —Pp about here
about i The comers of this triangle is
here approximately where the phosphors

460 - of a typical color monitor plot
0 AR g | SRR
0 0.2 0.4 0.6 0.8
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Cromaticidade dos Fosforos 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
Multisync C400

(0.610,0.350)

(0.307,0.595)

(0.150,0.065)

(0.280,0.315)

P22 phosphor in KDS
VS19

(0.625,0.340)

(0.285,0.605)

(0.150,0.065)

(0.281,0.311)

High Brightness LEDs

(0.700,0.300)

(0.170,0.700)

(0.130,0.075)

(0.310,0.320)




Monitores

Lurninance: Black level = 0.01

—_

— gamma =1

— gamma=1.5
L-| — gamma=18 |------———--- '
—— gamma = 2.2 |

=
fu]

Cathode Ray Tube

=
m

————————————————————————————————

-----------------------------

=
.

Ficture tube ——

Lurinance (or print reflectance)

=
(8]

----------------------------

Electron guns

r o = ! ! : !
— ] a0 100 1580 200 250
Fixel level
— y
T L Electron beams - L — KV

Color signals

L: luminancia em cada pixel

K: constante, ajustado pelo
controle de contraste

V: tensao de excitacao dos feixes
de elétrons

Y. gamma, tipicamente entre
[1.4,2.5]

IA725— 152016 - Ting V =V ) corregcdo gamma

Electron Beams $hadow Mask




Influéncia de vy
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=k
=
=]

Luminance (cd * m™?)
8 & & B

=]

Correcao de vy

Output Response and Correction Curves

Gamma Correction
Curve

CRT Transfer
Function

Y=2.5

Figure 2

0 100 200 300 400 500 600 T7OO
Video Signal (mV)



Pigmentacao

1

i
lih- iR

|
I[I
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Formacao Subtrativa de Cores

Y

Magenta
Amarelo
Ciano

|A725— 152016 - Ting



Impressoras




Impressoras

:H...- ™ h " 'Fl .
‘yu 1{; .-._,I._

F .

- L -
- ] L]

.
L ¥
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Mistura Subtrativa

Adapted with pesmission om
San Diega Sup e comping Cenber (SD8C), 1001

Aclapted with permission from
San Diego Super compuling Center (SOSC), 1961

|A725— 152016 - Ting

Acdapted with permission lom
San Diego Supercompuling Center (S080), 1961

Adapted with per mission fram

San Diego Supercompuling Center (SDSC), 1981

Acdapted with permission fom
San Disga Buper compuling Center (BDSC0), 1901

Ackspied with permission fom
g San Dispa Supercompiting Center (SDSC), 1881



Modelo RGB

Blue = (0,0,1)

Magenta = (1,0,1)

/]

Black = (0,0 Ii

Red = (1,0,0) Yellow =

|A725— 152016 - Ting

Cyan = (0,1,1)

White = (1,1,1)

---J Green = (0,1,0)

(1,1,0)

P

- (255,255,0) (\ 4 (255,255,255
p
A (255.0,0)

(255,0,255)

(0,0,0)

(0,235, (0,235,255 p

(0,0,255)



Modelo HSV

Blue = (0,0,1)

Cvan = (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)
Magenta Azul

V = max(R,G,B)
S = (V-min(R,G,B))IV |
Cr = (V-R)I(V-min(R,G,B)) zgeogmelho / Ciano

Cg = (V-G)/(V-min(R,G,B))
Cb = (v-B)/(V-min(R,G,B))

Amarelo Verde



Modelo HSV

Value = 0.50

Green, H=120° v /White, S=0,V=1

//“T_ ; Hue = 135. -
.3 Red, H=0°

Hue = 225. ~

|A725— 152016 - Ting



RGB -> HSV

HSVType RGB_to_HSV( RGBType RGB ) {
// RGB are each on [0, 1]. S and V are returned on [0, 1] and H is
// returned on [0, 6]. Exception: H is returned UNDEFINED if S==0.
float R = RGB.R, G = RGB.G, B =RGB.B, v, x, f;
inti;
HSVType HSV;

X = min(R, G, B);

v = max(R, G, B);

if(v == x) RETURN_HSV(UNDEFINED, 0, v);
f=(R==x)?G-B:((G==x)?B-R:R-G);
I=(R==Xx)?3:((G==x)?5:1);
RETURN_HSV(i - f I(v - X), (Vv - X)Iv, V);

|A725— 152016 - Ting



HSV - RGB

RGBType HSV_to_ RGB( RGBType RGB ) {
// H is given on [0, 6] or UNDEFINED. S and V are given on [0, 1].
// RGB are each returned on [0, 1].
float h = HSV.H, s = HSV.S, v =HSV.V, m, n, f;
int i; RGBType RGB; if (h == UNDEFINED) RETURN_RGB(v, v, Vv);
| = floor(h); f=h-1i;
if (1(i&1))f=1-1//ifiis even
m=v*(1-s);n=v*(1-s*f),
switch (i) {
case 6.
case 0.
RETURN_RGB(v, n, m);
case 1. RETURN_RGB(n, v, m);
case 2. RETURN_RGB(m, v, n);
case 3. RETURN_RGB(m, n, v);
case 4. RETURN_RGB(n, m, v);
case 5. RETURN_RGB(v, m, n);



Modelo CMY
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YIQ: Sistema de televisao NTSC

| : faixa laranja - azul

Q: faixa verde violeta
Y: luminancia

IA725— 152016 - Ting

(0.299 0.578

0.596 —0.275
0212 -0.523

0.114
—0.321

0.311 |

QX

vy




Aplicacao 7:
Comparacao entre subespacos de cores

1.0

05 -

a8 -

1953 MNTSC COLOR GAMUT

MNTSC F PAL ¥ SECAM /HDTW
COLOR GAMUT

a6 o INK. f DYE COLOR GAaMLUT

0.4 -

a3 4 &
= Ta0 MM

0.2 =

IA725— 152016 - = 0.0 0.1 02 ©03 04 05 06 ©OF 08



Conversao entre Dispositivos

v b

IA725— 152016 - Ting



Conversao entre Dispositivos
Mudanca de base

Ml
(R,,G,,B)) > (X,Y,2)

I = (Xr,lcr,l’ yr,lcr,l’ Zf,lCr’l)

g = (Xg,lcg,l’ yg,lcg,l’ Zg,lcg,l)
b=(X,.Cp1 ¥5:1Cr1r Z1Cp 1)

/1 O O M, X,,C, 4 Xg,1C9,1 Xp1Cpa

O 1 O ) g yr,lcr,l yg,1C9,1 yb,lcb,l

8 O 1 \Zr,lcr,l Zg,lcg,l zb,1(:b,1 7
M. = /Xr,lcr,l Xg,lcg,l Xb,lcb,l )

yr,lcr,l yg,lcg,l yb,lcb,l
|A725— 152016 - Ting
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Conversao entre Dispositivos
Mudanca de base

M, M,
(RliGbBl) g (X’Y’Z) (RZ’GZ’BZ)
/Xr,lcr,l Xg,lcg,l Xb,lcb,l ] (Xr,ZCr,Z Xg,2Cg,2 Xb,ZCb,Z

=M
yr,lcr,l yg,lcg,l yb,lcb,l yr,ZCr,Z yg,ZCg,Z yb,ZCb,Z ’
\Zr,lcr,l Zg,lcg,l Zb,1(:b,1 7 \Zr,ZCr,Z Zg,ZCg,Z Zb,ZCb,Z 7

1. As luminancias maximas das 3 cores sao
conhecidas: Y, Y e Y,

\

M, =

Y, Y Y
Cumy, GeThy, o CwTry)

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

- N -1 - ™ - )
Xr,l Xg,l Xb,l XW Cr

Y1 Yg1 You Yol = | G Em RGB = (1,1,1)
\Z,1 Z41 2y, ) LY LG




Transformacao entre Referéncias

Seja um monitor com as seguintes caracteristicas:
Branco: D65 (0.313,0.329,1.0)

Vermelho: (0.62,0.34)

Verde: (0.29, 0.59)

Azul: (0.15, 0.06)

Qual é a matriz de transformacao das coordenadas RGB para as
coordenadas XYZ?

0.437 0.339 0.175
Resposta: | 0.240 0.690 0.070
0.028 0.140 0.920

|A725— 152016 - Ting
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