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T1 – Light and Colors

• Good for your exam ;-)
• Goals

– Definitions (Task 1)
– Color Spaces (Tasks 2 - 5)
– CIE chromaticity diagram (Task 6)

Definitions 
(Repetition from Lecture)
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Measuring Light

• Luminous Flux F [lumen] (Lichtfluss)
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• Luminous Intensity I [candela] (Lichtstärke)
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Two Radiant Surface Patches
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Measuring Light
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• Illumination B [lux] (Beleuchtungsstärke)

• Luminance Y [candela/m2] (Leuchtdichte)
direction

surface
„out“

surface
„in“

Color Spaces
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Color Spaces

• Task 2: Properties of various color spaces
– script, slides
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Color Spaces

• Task 3: sRGB color space and color temperature
– script, slides
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Color Spaces

• Task 4: PAL & NTSC
– following slides
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Task 4: PAL & NTSC

• Part a)

• Part b)
– rotation matrix: algebra
– order of matrix multiplication!
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Color Spaces

Task 5: Coloring
– cf. Exercise 1

CIE
(Task 6, slides adapted from 

David Luebke @ UVA)
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Physiology of Vision

• The center of the retina is a densely packed 
region called the fovea.  
– Cones much denser here than the periphery
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Physiology of Vision: Cones

• Three types of cones:
– R, most sensitive to red light (610 nm) 
– G, most sensitive to green light (560 nm)
– B, most sensitive to blue light (430 nm)



P2 - Colors

17

Color Spaces

• Three types of cones suggests color is a 3D 
quantity.  How to define 3D color space?

Amount of R,G,B
needed to match a
given wavelength.
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CIE Color Space
(Commission Internationale d’Eclairage)

• Three hypothetical lights X, Y, and Z.
• Any wavelength λ can be matched 

perceptually by positive combinations of X,Y,Z.

XY

Z Amount of X,Y,Z
needed to match a
given wavelength.
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CIE Color Space

• The gamut of all colors perceivable is thus a 
three-dimensional shape in X,Y,Z:

• For simplicity, we 
often project to the 
2D plane X+Y+Z=1

x = X / (X+Y+Z)
y = Y / (X+Y+Z)
z = 1 - X - Y
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CIE Chromaticity Diagram (1931)
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CIE Chromaticity Diagram (1931)
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CIE Chromaticity Diagram (1931)

purple line: no 
spectral colors

projection of 
spectral colors

W

590

White point: assume (0.33, 0.33)

x = X/(X+Y+Z) etc...
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Device Color Gamuts

• Since X, Y, and Z are hypothetical light sources, 
no real device can produce the entire gamut of 
perceivable color

• Example: CRT monitor
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Device Color Gamuts

• The RGB color cube sits within CIE color space 
something like this:
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Device Color Gamuts
• We can use the CIE chromaticity diagram to 

compare the gamuts of various devices:

• Note, for example, 
that a color printer
cannot reproduce
all shades available
on a color monitor
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Additional Reading

http://www.panimex.de/MeinWeb/lect/ch08/gra11_3.html


