Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 4

Color

Light a nd color Trichrom a tic color m a tching

Gra ssm a n�s la w s Color coordina tes Hum a n color vision Intuitive color system s Com puter representa tions of color RGB HSV, HSB, HSL CMYK

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 4

Spectrum

The electrom a gnetic spectrum

Ex a m ple visible spectra pow er distribution

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 4

Mea suring Light a nd Color

Physics: Ra diom etry

The a m ount of pow er per w a velength interva l

Term ed ra dia nce, w e w ill often use intensity

Psychophysics

Photom etry

The rela tive brightness of a light source (color or bla ck/ w hite) w hen com pa red to a sta nda rd ca ndle

Term ed lum ina nce

Uniform perceptua l sca le

Term ed lightness

Colorim etry

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 4

Color Ma tching

Adjust brightness of 3 prim a ries to �m a tch� color

C - color to be m a tched

RGB - la ser sources (R=700 nm , G=546 nm , B=435 nm )

Therefore: hum a ns ha ve trichrom a tic color vision

C = R + G + B C + R = G + B

B R G C BGRC

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 4

Hum a n Color Vision

There a re 3 light sensitive pigm ents in your cones (L,M,S), ea ch w ith a different spectra l response curve

Meta m erism

Biologica l ba sis of color blindness - genetic disea se

L = L(λ )E(λ )dλ ∫ M = M(λ )E(λ )dλ

∫_{S = S(λ )E(λ )dλ} ∫

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 4

Color Ma tching is Linea r!

Gra ssm a n�s La w s

1. Sca ling the color a nd the prim a ries by the sa m e fa ctor preserves the m a tch

2C=2R+2G+2B

2. To m a tch a color form ed by a dding tw o colors, a dd the prim a ries for ea ch color

C_1+C_2=(R_1+R_2)+(G_1+G_2)+(B_1+B_2)

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 4

Spectra l Ma tching Functions

Spectra l m a tching curves

Ma tch ea ch pure color in the visible spectrum

(ra inbow ), a nd record the color coordina tes a s a function of w a velength

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 4

Spectra l Locus

Hum a n

Perceptua l

Ga m ut

Page 5

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 4

Lum ina nce

Com pa re color source to a grey source

Lum ina nce

Y = .30R + .59G + .11B

Color signa l on a BW TV (Ex cept for ga m m a )

Lightness

L* = Y^{1/ 3}

Y = V(λ )E(λ )dλ ∫

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 4

Chrom a ticity Dia gra m

X Y Z = 2.77 1.75 1.13 1.00 4.59 0.06 0.00 0.57 5.59

R_λ G_λ B_λ

CIE Color Coordina tes

x = X X+Y+Z y= Y X+Y+ Z

1931 CIE Chrom a ticity Dia gra m From Minolta

Page 6

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 4

Monitor

x .635

.305

.155

y .340

.595

.070

Monitor

Phosphors 0.2 *

0.0 *

0.8 *

Red Phosphor

Green Phosphor

Blue Phosphor

Resulting Spectra +

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 4

Ga m ut

x .635

.305

.155

.313

y .340

.595

.070

.329

Monitor

Phosphors

Page 7

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 4

Color Cube

K

W

R G

B M

Y

C

cedit

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 4

Intuitive Color Spa ces

Gra ys

Bla ck

White Color

Sha des

Tones

Tints Sa tura ted ->

Hex a gon is a dia gona l Cross-Section of the Color Cube

Page 8

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 4

HSV a nd HSL

R G B

m

M=ma x (R,G,B), m =min(R,G,B) r=(M-R)/ (M-m ) g=(M-G)/ (M-m ) b=(M-B)/ (M-m ) if(M==R) H=(6+bg)/ 6

.... HSL L=(M+m )/ 2

S=(M-m )/ (M+m )

HSV V=M S=(M-m )/ M

R G B

M

W

K

=

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 4

Filtering

Reflection

Com m ents

Tra nsm ission sim ila r

Things look different under different illum ina tions

Multiplying color com ponents is a n a pprox im a tion!

Blue Tow el

Sw iss Arm y

Knife

* =

* = D6500 Light Source