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Physics

Light

Glass prism

White
light

iy

Newton’s experiment for splitting white light into a spectrum

Image from Clive Maxfield
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Electromagnetic Spectrum

Visible Light
A

Microwaves Radio waves X-rays Gamma-rays

S | | S

Infrared —j t— Ultraviolet

The visible portion of the electromagnetic spectrum

Image from Clive Maxfield
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Sources

Visible spectra power distribution
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Sources

Visible spectra power distribution

Warm Fluorescent
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Adding Light
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Reflecting Light

White
light

Shining white light on different colored paints
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Light Operations

Add spectra
L(A) = S1(A) + 52(A)
Multiply spectra (reflection and transmission)

L) = T(V)S(N)
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Photon Detector

Measuring light

R= / R(N)L(N) dA
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Perception
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Color Matching

Adjust brightness of 3 primaries to “match” color
C - color to be matched
Lasers: R=700 nm, G=546 nm, B=435 nm

C©G® c

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

Therefore: humans have trichromatic color vision
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Three Cones/Pigments

Blue Blue-Green Yellow-Green

(420) (534) (564)
3 o

Normalized response/sensitivity

Wavelength (nanometers)
1 1 I

T T T T
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B

Violet Blue Cyan Green Yellow Red

Typical humans are trichromats
(three color cone/pigment types — blue, blue-green, and yellow-green)
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Cone Response

B Three cones
L (long) L= [ LWE) dx
M (medium) M = /M /\) d\

S (short) g — /S )\) d)\

B Metamerism - Different spectra; same response
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Color Blindness

Dichromacy - missing pigment (genetic)
B Protanopia - missing L
B Deuteranopia - missing M (red-green)
B Tritanopia - missing S

Normal Deuteranopia Tritanopia

www.vischeck.com
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Ishihara Test

Deuteranopia

http://www.toledo-bend.com/colorblind/Ishihara.html
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Grassman’s Laws

Color matching is linear!

1. Scaling the color and the primaries by the same
factor preserves the match

2(C) =2(R) +2(G) + 2(B)

2. To match a color formed by adding two colors, add
the primaries for each color

(C1) +(C2) = (R1) + (R2) + (G1) + (G2) + (B1) + (Ba)
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Spectral Matching Functions

Spectral matching curves

Match each pure color in the visible spectrum
(rainbow), and record the color coordinates as a
function of wavelength

Energy

400 500 600 700
Wavelength
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Absolute Color Space

» Spectral locus

* Region inside locus
= All possible colors
= Human gamut

» CIEXYZ color space
X 277 175 1.13]|R,

Y|[=({1.00 459 0.06||G,
Z 0.00 0.57 5.59]| B,
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CIE Chromaticity Coordinates

X = X/(X+Y+2Z)
y = Y/(X+Y+2)
Z = ZI(X+Y+2)

CS148 Lecture 9 Pat Hanrahan, Winter 2007

Rod

|
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Violet Blue Cyan Green Yellow Red

Spectrum as perceived by rod cells

Humans also have rod cells (black, white, shades of gray)
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Luminance and Lightness

Compare color source

- to a grey source
E Peak S55nm
0.8

:g Y =fV(A)E(A)dA
w 4] B Luminance (Lumens)
vy
=]
2 °% Y = .30R + .59G + .11B
§ 0.2+ C .
2 olor signal on aBW TV

o (Except for gamma)

400 500 00 700 800 _
Wavelength M Lightness

L* = Yl/3
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Light Measurement

Radiometry

m Units: Watts = Joules/Second
Photometry

m Units: Lumens
Colorimetry

m CIEXYZ

m CIELAB

m ...
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Perceptual Organization

O

Lightness ‘ ‘

Colorfulness
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Opponent Color

History

m Herring (1878)

B Jameson & Hurvich (1955)
Experiments

® No Rish-G or Bish-Y

m Color afterimages
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Early Visual Processing

L/IR M/G S/B
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Munsell Color Space

B Book of painted chips
M Perceptually uniform .

- e
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CHROMA

Chroma vs. Value
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CIELAB
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p* = 200[(%)1/3_(%)1/3 }

X,.Y,.Z, are the tristimulus values of the reference white.

Color “distance”: AE = \/AL2 +Aa’ + Ab?
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CIELAB
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v47 hansa yellow
¥151.¥154 benzimida yolown\ IVJS

135 cadmium lemon
v3 hansa yellow light
127184 bismuth y:ﬁw i 7 ,
Y150 nickel azomethine
¥117 copper azomethine 4 L 2 ’c& benzimida orange
24 chrome, ttanium oxide wm’o:om“mo
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Vo o
Be7 raw sienna o R188 naphthol scariet
150 106 cadmium scarlet
048 quinacridone orange € n254 pyrrole red i
& R255 ole scarlet R106 cadmium red
P oy i L oiive groen R14s perylene scarlet r208 quinacridone red
& *
cobalt sap green @ 87 burnt sienna @ 106 cadmium red deep
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i g '“" ® @ @ hooker's green R101 venetian red & R179 perylene maroon
9 17 chromium oxide @ 87 burnt umber € indian red ’ vis quinacridone rose
cobalt Htanate 88 87 mars violet @ benzimida maroon R17t
GSO al
titanium white we V19 quinacridone violet
7 phthalo green s viridian G20 cobalt L3 @ sepa
L 23 @ greon dark }Mbonabhd( L 4 4 722 quinacridone magenta
CHROMA 100 g 80 ) “0 20 ® a+’
G10 cobalt green pale . R23 thicindigo violet
836 cobalt turquoise indigo
250 cobalt teal blue
816 phihalo rquorse @ V23 dioxazine violet ’vto manganese violet
836 cerulean blue s @ ® 4 vas cobalt violet
827 @ v14 cobalt violet deep
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210 217 phthalo cyan . 0 W unique red
£33 manganese blue 5‘5363” L LAl unique yellow
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20 200 the Quide 10 watercolor pigments
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Color Cube

\ _ _
119 39 27 576
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Intuitive Color Spaces
Tints
White Color
Saturated ->
G Tones
rays Shades
Black
MetaDesign Color Picker
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HSV and HSL

CS148 Lecture 9

M=max(R,G,B),
m=min(R,G,B)
r=(M-R)/(M-m)
9=(M-G)/(M-m)
b=(M-B)/(M-m)

W | T(M==R) H=(6+b-g)/6

G B
HSL HSV
L=(M+m)/2 V=M
S=(M-m)/(M+m) | | S=(M-m)/M
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