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Color Representation
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Human color perception

A Cones in retina: 3 different types
A Light spectrum is mapped to 3 different signal channels

Relative sensitivity of cones for different wavelengths
A Long (L, yellow / red), Medium (M, green), and Short (S, blue)
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Color Perception

Dichromaticity (dogs, cats)

A Yellow & blueviolet

A Green, orange, red indistinguishable

Trichromaticity (humans, monkeys)

A Red, green, blue

A Colorblindness (most often regreen)

A Most often men

www.lam.mus.ca.us/cats/color/

www.colorcube.com/illusions/clrblnd.htmi



http://www.lam.mus.ca.us/cats/color/
http://www.colorcube.com/illusions/clrblnd.html

Tristimulus Color Representation ‘7

Observation

A Any color (leflhand side test source) can be matched using 3 linear independent reference primary
colors (righthand side)
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Main results of key Color Matching Experiments

A Color perception forms a lineasIBvector space

A Superposition holds

Variable power, — ¥
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CIE 1931 RGB color matching functions
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Standard Color Space &EZ ‘7

CIE color matching experiments
A First experiment [Guild and Wright, 1931]
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A 2-degree visual field (fovea only)
A Other experiment in 1964
A Group of ~50 people (from different countries)
A 10-degree visual field

A More appropriate for larger field of view, but rarely used since similar

CIEXYZ color space

A Transformation to a set @frtual primaries
A Simple basis transform in 3D color space

A Goals:
A Abstract from concrete primaries used in experiment
A All matching functions should be positive

A One primary should be roughly proportionally to light intengityifosity functiomo _ )



Luminosity%20function
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Light mixing ‘7
Light mixing

A The color of light coming from a particular source is constituted througldditive color scheme
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Adding energy

A The energy of light sources contributing particular frequency are simply combined into one spectrun
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Why objects have colors?

Why objects have colors?
A When light of a particular make of frequencies strikes a surface
A (a part of) some frequencies are eliminated (absorbed by the surface)

A (a part of) some frequencies are reflected

White
light
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Color creation ‘7

Color creation

A The color that we perceive on the surface of an object or after light goes through a filter is describec
by thesubtractive color scheme

Blue

oy Magenta

Green

Yellow
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Result ‘7
Result

A The light reflected from an object is a function of incident light andefiectanceproperties of the
object (the opposite of absorbance)

YO 1(Q)0_0T 6 W&

1.0 40
- e >
20 : 20 20
§ 200 3 0.8 5 30
S 150 s 0.6 o
" b o 20
z 100 X z 04 = £
3 50 S 02 (\_/_V g 10
[~ Z (=4
0 0 0 -
400 500 600 700 400 500 600 700 400 500 600 700
Wavelength (nm) Wavelength (nm) Wavelength (nm)
Light Reflectance Reflected Light

A Radiometrys the science of quantifying these and other phenomena concerning the behavior of ligh
and its perception
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Color model ‘7

Color model

A Since the human eye works with only 3 signals (ignoring rods), we work with 3 signals for
A Images
A Displays
A Printers
A ..
A Image formats store values in the R, G, and B channels
A The values stored are typically between 0 and 255 (unless its HDR)
A How many colors can we represent?
A The relative values give the color, and the overall values give the intensity

A The computer monitor / display can be used to further increase or decrease the overall global image
intensity (brightness / darkness)
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RGB color cube ‘7

RGB color cube

A A symbolic representation of our color spectrganiud
A Map each primary color in the RGB color space to the unit distance along the x, y, z axes
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A The color cube represents all possible colors
...In our very limited perception of them!!

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)
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HSV color model ‘7

RGB is not the only possible representation!

HSV: Hue, Saturation and Value
AHuery NI} Ayo2¢ 2F O2ft2NER 6a¢l @St SyaJaKeov
A Saturation distribution of intensity for a particular color
A Value relative lightness or darkness of a particular color
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CMY(K) color model

RGB is not the only possible representation!
CMY: Cyan, Magenta, Yellow

A The three primary colors of the subtractive color model

A Partially or entirely masking / filtering (=absorbing colors) a whit
background

A The ink reduces the light that would otherwise be reflected

A Equal mixtures of C, M, Y should (ideally) produce all shades o
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CMY(K) color model

Advantages of using black ink:

A Most fine details are in printed with the Key color (K=black in most
cases)

A Less dependency on (perfectly) accurate color alignment

A Mixtures of 100% C, 100% M and 100% Y do not give perfect blacl
in practice

Reduce bleeding and time to dry
Save colored ink




Visualizing Color Spaces

RGB color cube

A A symbolic representation of our color spectrganiul
A Map each primary color in the RGB color space to the unit distance along the x, y, z axes

A (0,0,0 ™(1,1,))

A The color cube represents all possible colors
...In our very limited perception of them!!
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Visualizing Color Spaces

RGB color cube
A Dice the cube diagonally across the plane containing (1, 0, 0), (0, 1, 0) and (0, 0, 1)

A This triangle slice of the cube has the property thatR + G + B =1, and we can use R + G + B as an
approximation of lightness
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Visualizing Col&paces

Chromaticity

A If we take a toglown view of the triangular slice, then we get a twdimensional representation of
color callecchromaticity

A This particular kind is calleg-chromaticity
A Chromaticity gives us information about the ratio of the primary colors independent of the lightness.
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Visualizing Color Spaces

Chromaticity

A We can have the same chromaticity at many different intensities
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Visualizing Color Spaces

Chromaticity

A We can have the same chromaticity at many diffenetensities

A We can even make a chromaticity graph where the intensity varies with r & g in order to maximize
intensity while preserving the ratio between R, G, and B

A Chromaticity is a useful property of a color to consider because it stays constant as the intensity of
light source changes, so long as the light source retains the same spectral distribution. As you chan
the brightness of your screen, chromaticity is the thing that stays constant!
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