
CSE160 – Color - Oct 22
• From physics to perception
• Additive color
• RGB-Alpha
• Subtractive color
• HSV color
• YIQ/YUV color
• Color Gamuts, Color Matching, and XYZ
• Administrative
• Q&A



From physics to perception
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What light is

• Light is electromagnetic radiation
– exists as oscillations of different frequency (or, wavelength)
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Measuring light

wavelength
band 
(width d)

amount of light = 96 d
(relative units)

wavelength (nm)

• Salient property is the spectral power distribution (SPD)
– the amount of light present at each wavelength
– units: Watts per nanometer (tells you how much power you’ll 

find in a narrow range of wavelengths)

[modified JED]
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But why do we see “color”?

• Map a Physical light description to a Perceptual color sensation

?
Physical Perceptual
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The eye as a measurement device

• We can model the low-level
behavior of the eye by thinking
of it as a light-measuring machine
– its optics are much like a camera
– its detection mechanism is also

much like a camera

• Light is measured by the 
photoreceptors in the retina
– they respond to visible light
– different types respond to different 

wavelengths[G
re

ge
r e

t a
l. 

19
95

]





Cornell CS465 Fall 2004 • Lecture 23 © 2004 Steve Marschner • 13

A simple light detector



[Talton]
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Cone Responses

• S,M,L cones have 
broadband spectral 
sensitivity

• S,M,L neural response is 
integrated w.r.t. λ
– we’ll call the response 

functions rS, rM, rL
• Results in a trichromatic 

visual system
• S, M, and L are tristimulus 

values
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Luminance (brightness)

– Combined visual response to a spectrum
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Colorimetry: an answer to the problem

• Wanted to map a Physical light description to a 
Perceptual color sensation

• Basic solution was known and standardized by 1930

Physical Perceptual[S
to

ne
 2

00
3]

s

●



Cornell CS465 Fall 2004 • Lecture 23 © 2004 Steve Marschner • 29

Metamers

• Take a spectrum (which is a function)
• Eye produces three numbers
• This throws away a lot of information!

– Quite possible to have two different spectra that have the 
same S, M, L tristimulus values

– Two such spectra are metamers



Additive Color
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Additive Color
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CRT display primaries
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– Curves determined by phosphor emission properties
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LCD display primaries

– Curves determined by (fluorescent) backlight and filters
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Combining Monitor Phosphors with 
Spatial Integration
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RGB as a 3D space
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A) (1,0,0)
B) (0,1,0)
C) (1.0,0.5,0.5)
D) (0.5,0.5,0.5)
E) (1.0,1.0,0.0)

What color is “Red” in RGB color space?
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A) (1,0,0)
B) (0,1,0)
C) (1.0,0.5,0.5)
D) (0.5,0.5,0.5)
E) (1.0,1.0,0.0)

What color is “Yellow” in RGB color space?
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A) (1,0,0)
B) (0,1,0)
C) (1.0,0.5,0.5)
D) (0.5,0.5,0.5)
E) (1.0,1.0,0.0)

What color is “Pink” in RGB color space?



RGB-Alpha













Subtractive Color
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Subtractive Color
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cyan

magentayellow
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Reflection from colored surface
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[levoy]
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A) (0,1,1)
B) (0,0,1)
C) (1.0,0.5,0.5)
D) (0.5,0.5,0.5)
E) (1.0,1.0,0.0)

What color is “Yellow” in CMY color space?
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A) (0,1,1)
B) (0,1,0)
C) (1.0,0.5,0.5)
D) (0.5,0.5,0.5)
E) (1.0,1.0,0.0)

What color is “Red” in CMY color space?



HSV Color
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Perceptual dimensions of color - HSV

Hue
Value

Intensity
Lightness

Y
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Perceptual organization for RGB: HSV

• hue (an angle, 0 to 360)
• saturation (0 to 1)
• value (0 to 1)

[F
vD

FH
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A) (0,1,1)
B) (0,0,0)
C) (60,1,1)
D) (0,0.2,1.0)
E) (0,1.0,0.0)

What color is “Red” in HSV color space?
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A) (0,1,1)
B) (0,0,0)
C) (60,1,1)
D) (0,0.2,1.0)
E) (0,1.0,0.0)

What color is “Yellow” in HSV color space?



Cornell CS465 Fall 2004 • Lecture 23 © 2004 Steve Marschner • 71

A) (0,1,1)
B) (0,0,0)
C) (60,1,1)
D) (0,0.2,1.0)
E) (0,1.0,0.0)

What color is “Pink” in HSV color space?



Attendance and survey

Tiny.cc/cse160421



YIQ/YUV Color
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NTSC TV
quadrature amplitude modulation

• YIQ color space (Wandell pg 304)
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YUV / YCbCr



[From Wandell – Foundations of Vision]

Y Chroma Chroma

Humans care about intensity more than chroma



Full resolution luminance (Y)
Chroma (IQ) subsampling





Color Gamuts, Color Matching, and XYZ
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Chromaticity Diagram
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Color Gamuts

Monitors/printers can’t 
produce all visible colors

Reproduction is limited 
to a particular domain

For additive color (e.g. 
monitor) gamut is the 
triangle defined by the 
chromaticities of the 
three primaries.
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Color matching experiment (CIE 1931)

[https://medium.com/hipster-color-science/a-beginners-guide-to-colorimetry-401f1830b65a]

https://medium.com/hipster-color-science/a-beginners-guide-to-colorimetry-401f1830b65a


















Color matching experiment (CIE 1931)



Spectral locus plotted in RGB



Projected onto RG plane







RGB XYZ
We hate negative 
mixing, so let's make up 
imaginary primaries to 
get rid of it
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Chromaticity Diagram
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Administrative



Due Dates
• Yesterday

– Add/drop passed, so now have late policy
• Due Mon

– HW2 – Object Modeling, Transforms
• Due Wed

– (Quiz 2)
• Due following Monday

– Lab Assignment 2 (Blocky Animal)



Assignment 2



Q&A



End
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