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Colour

� The electromagnetic spectrum
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Pure spectral light

� All the light is one wavelength
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Coloured light

� We could 
describe it as 
a mixture of 
all the 
different 
wavelengths, 
but ....
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Colour is in your head

A and B are the same colour
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The Eye

� Converts light to nerve 
impulses

� Sends signals to the 
brain
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Retinal Structure

� Light passes through 
the wiring

� Rods work in low light 
levels, no colour, no 
fine details

� Cones work in normal 
light and detect colour, 
fine details
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Cone Sensitivity

� Three 
cone 
types, 
Short, 
Medium, 
Long
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Trichromatic Theory

� You don't have to recreate the exact spectrum to 
create the same sensation of colour

� You can do it with a mixture of just three colours 
if

� None is a mixture of the others

� Negative amounts are allowed 
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Colour matching functions

� r, g, and b values for spectral colours – note 
negative values
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CIE Primaries

� In 1931 the CIE (Commission Internationale de 
l'Eclairage) defined a standard representation of 
colour that avoided negative numbers

� Uses physically impossible primary colours X, Y 
and Z.

� CIE primaries are supersaturated (more than 
100% intensity).
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CIE X Y Z matching functions

� x, y and z values for spectral colours – no 
negative values!
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CIE space is 3 dimensional

� Spectral colours lie on the black curve
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CIE chromaticity diagram
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Primary Colours

� With three primary 
colours it is possible to 
get all the colours in 
triangle on the x+y
+z=1 plane, and a 
triangular pyramid in 
CIE XYZ space.
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Colour Spaces

� CIE provides a standard definition of colour, but 
it's not the easiest space to work in.

� There are other ways of defining colour in three 
coordinates 
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RGB colour model

� Colour is (r,g,b), 
amount of red, green 
and blue primaries.

R G B
White 1 1 1
Black 0 0 0
Red 1 0 0
Green 0 1 0
Blue 0 0 1
Cyan 0 1 1
Magenta 1 0 1
Yellow 1 1 0
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CMY colour model

� Subtractive colour model.  Start with white and 
remove light.

� This is the way ink and paint work.

� (c,m,y) = (1,1,1) - (r,g,b)
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CMYK colour model

� Ink doesn't subtract colour perfectly, so (c,m,y) = 
(1,1,1) should be black but isn't.

� Need blacK ink as well.  (0,0,0,1) is black.

� Use as much black as possible (minimum of c, m 
and y), so (c,m,y) = (0.2, 0.4, 0.3) is (c,m,y,k) = 
(0, 0.2, 0.1, 0.2)
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HSV colour model

� Warp RGB cube into a hex cone

� Cylindrical coordinates, Hue (angle around cone), 
Saturation (distance from axis), Value (height)
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Displaying Colour

� Graphics pipeline (hardware and software) 
generates a graphical image

� Video card stores image and generates signal for 
 monitor

� Colour monitor converts signal to light
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CRT (Cathode Ray Tube)

1. Electron guns

2. Electron beams

3. Focusing coils

4. Deflection coils

5. Anode connection

6.  Shadow Mask

7.  Phosphors
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Raster Scan

� Phosphors only glow 
for a fraction of a 
second.

� To maintain an image 
electron beam must 
sweep across screen 
60 times a second in a 
raster pattern
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Video Card

� Stores image as a 2D array of pixels (picture 
elements).

� Uses image to control intensities of electron guns 
as beam sweeps across the screen.
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24 bit colour

� The red, green and blue intensities are given by 
8 bit numbers
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8 bit colour

Pixel values 
index into 
Colour 
Look Up 
Table

256 colours 
from 16.7 
million
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LCD (Liquid Crystal Display)

� The vertical filter only 
lets vertically polarized 
light (from the back light) 
pass.

� Depending on the 
voltage, the crystal 
rotates the light between 
0° (no light passes 
horizontal filter) and 90° 
(all light passes).

A subpixel of a 
twisted nematic LCD
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Colour in OpenGL

� OpenGL uses the RGBA colour model (32 bit 
colour)

� A stands for alpha which controls transparency 
and determines what happens when something 
is drawn on top of something else.

� GlColor4f(1.0,1.0,0.0,1.0) is opaque 
yellow
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Gamut mapping

� Same RGB values 
produce different 
colours on different 
devices

� Set of available colors 
(gamut) vary from 
device to device
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Gamut Selection

� Use full gamut on 
monitor

� Problem: many 
colours cannot be 
printed
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Gamut Selection

� Use intersection of 
gamuts

� Problems

� Irregular shapes

� Unused colours
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Gamut clipping

� Map out of gamut 
colours to “nearest” in 
gamut colour

� In gamut colours don't 
change, but many out 
of gamut colours map 
to same colour
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Gamut scaling

� Scale all points on line 
from white on first 
device to points on 
line on second device

� Colours look same, 
even though they are 
different


