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Light and ColorLight and ColorLight and Color
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Frequency SpectrumFrequency SpectrumFrequency Spectrum

Spectrum describes frequency distribution ofSpectrum describes frequency distribution of
a light sourcea light source
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DefinitionsDefinitionsDefinitions

Hue: quality that distinguishes one colorHue: quality that distinguishes one color
family from another (i.e. red, yellow, green,family from another (i.e. red, yellow, green,
blue, etc.)blue, etc.)

ChromaChroma: degree of color’s departure from: degree of color’s departure from
greyscalegreyscale

Value/Lightness: quality distinguishing lightValue/Lightness: quality distinguishing light
from dark colorsfrom dark colors
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More definitionsMore definitionsMore definitions

Achromatic light: literally light withoutAchromatic light: literally light without
chromachroma, or , or greyscale greyscale lightlight

•• fairly uniform frequency distributionfairly uniform frequency distribution

Monochromatic light: light which has allMonochromatic light: light which has all
intensity near a single frequencyintensity near a single frequency
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Color Mixture - SubtractiveColor Mixture - SubtractiveColor Mixture - Subtractive

Applies when mixing pigments and dyesApplies when mixing pigments and dyes

•• Each substance absorbs certain frequenciesEach substance absorbs certain frequencies

•• Combining substances absorbs the union ofCombining substances absorbs the union of
these frequenciesthese frequencies

•• Resulting reflected light is intersection of colorsResulting reflected light is intersection of colors
reflected by eachreflected by each
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Subtractive Mixture ExampleSubtractive Mixture ExampleSubtractive Mixture Example

from Gerald from Gerald MurchMurch, “Color Displays and Color Science”, in , “Color Displays and Color Science”, in Color and theColor and the
ComputerComputer, H. John , H. John DurrettDurrett, , eded., page 10.., page 10.
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Color Mixture - AdditiveColor Mixture - AdditiveColor Mixture - Additive

Applies to mixing of luminescent colors, suchApplies to mixing of luminescent colors, such
as color CRT and LCD displays, etc.as color CRT and LCD displays, etc.

•• Color refers to actual frequency spectrum ofColor refers to actual frequency spectrum of
lightlight

•• Combining lights adds their frequency spectraCombining lights adds their frequency spectra
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Additive Color ExampleAdditive Color ExampleAdditive Color Example
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3 Types of retinal cones3 Types of retinal cones3 Types of retinal cones

From Foley, From Foley, vanDamvanDam, , FeinerFeiner,,
and Hughes, and Hughes, ComputerComputer
Graphics: Principles andGraphics: Principles and
Practice, 2nd edition, pagePractice, 2nd edition, page
577577
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Efficient Color Computations in
Computer Graphics
Efficient Color Computations inEfficient Color Computations in
Computer GraphicsComputer Graphics

Represent frequency spectrum as discrete setRepresent frequency spectrum as discrete set
of samplesof samples

•• Typically 3 samples: red, green, and blueTypically 3 samples: red, green, and blue

•• Monitors also use samples corresponding toMonitors also use samples corresponding to
different phosphorsdifferent phosphors

•• Eye also has 3 samples (types of cones)Eye also has 3 samples (types of cones)

Does Does notnot imply that three samples for initial imply that three samples for initial
and intermediate produce accurateand intermediate produce accurate
computationscomputations
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Color Space GamutColor Space GamutColor Space Gamut

Color gamut: subspace of visible colorsColor gamut: subspace of visible colors

No system of mixing colors from fixedNo system of mixing colors from fixed
number of primaries can represent allnumber of primaries can represent all
visible colorsvisible colors

from Gerald Murch, “Color Displays and Color Science”, in Color and the
Computer, H. John Durrett, ed., page 13.
from Gerald Murch, “Color Displays and Color Science”, in Color and the
Computer, H. John Durrett, ed., page 13.
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Color Spaces - RGB cubeColor Spaces - RGB cubeColor Spaces - RGB cube

Shortcomings:Shortcomings:
•• perceptually non-linearperceptually non-linear
•• non-intuitive for human specificationnon-intuitive for human specification

From Alan Watt, 3D Computer
Graphics, 2nd edition, p. 416

from Foley, vanDam, Feiner, and
Hughes, Computer Graphics:
Principles and Practice, plate II.4
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Color Spaces - HSV hexaconeColor Spaces - HSV Color Spaces - HSV hexaconehexacone

Still not perceptuallyStill not perceptually
linearlinear

Axes correspond toAxes correspond to
more intuitivemore intuitive
perceptual qualitiesperceptual qualities
•• Selection similar toSelection similar to

artist color mixingartist color mixing
•• choose hue of basechoose hue of base

pigment, add white,pigment, add white,
add blackadd black

Derived fromDerived from
projections of RGBprojections of RGB
cubecube

From Alan Watt, 3D Computer
Graphics, 2nd edition, p. 419



Johns Hopkins Department of Computer Science
Course 600.456: Rendering Techniques, Professor: Jonathan Cohen

HLS double hexaconeHLS double HLS double hexaconehexacone

Similar to HSV Similar to HSV hexaconehexacone

Pulls white to make the apex of upper conePulls white to make the apex of upper cone

•• Gives white and black similar geometricGives white and black similar geometric
representationrepresentation

L (lightness) is similar to V, but theL (lightness) is similar to V, but the
primaries occur at L=0.5 (for HSV, V=1 forprimaries occur at L=0.5 (for HSV, V=1 for
primaries)primaries)
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CIE Color SpaceCIE Color SpaceCIE Color Space

Employs 3 artificial primaries: X, Y, ZEmploys 3 artificial primaries: X, Y, Z

•• Mathematical abstractions, not physicallyMathematical abstractions, not physically
realizablerealizable

•• Allow Allow supersaturationsupersaturation

Larger than visible spectrumLarger than visible spectrum

Standard for representing colors andStandard for representing colors and
converting between spacesconverting between spaces
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CIE Space and Device GamutsCIE Space and Device CIE Space and Device GamutsGamuts

from Foley, vanDam, Feiner, and Hughes, Computer Graphics: Principles and
Practice, plates II.1 and II.2

Chromaticity Chromaticity DiagramDiagram
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Gamma CorrectionGamma CorrectionGamma Correction

Exponential function converts from device-Exponential function converts from device-
independent RGB space to device-dependent RGBindependent RGB space to device-dependent RGB

•• Gamma is exponentGamma is exponent

•• Every monitor is differentEvery monitor is different

•• Monitor color intensities are non-linear withMonitor color intensities are non-linear with
respect to phosphor excitation levelsrespect to phosphor excitation levels


