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Colour

1 Colour Image Pro cessing

The human visual systemcandistinguish hundredsof thousandsof di erent colour shades
and intensities, but only around 100shadesof grey. Therefore,in animage,a great deal of
extra information may be cortained in the colour, and this extra information canthen be
usedto simplify imageanalysis,e.g.,object identi cation and extraction basedon colour.

Three independen quartities are usedto describe any particular colour. The hue is
determined by the dominart wavelength. Visible colours occur between about 400nm
(violet) and 700nm (red) on the electromagneticspectrum, as shovn in gure 1. The
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Figure 1: The visible spectrum.

saturation is determined by the excitation purity, and dependson the amount of white
light mixed with the hue. A pure hue is fully saturated, i.e. no white light mixed in.
Hue and saturation together determine the chromaticity for a given colour. Finally, the
intensity is determined by the actual amourt of light, with more light correspnding to
more intensecolours[].



Achromatic light has no colour { its only attribute is quartity or intensity. Greylewel
is a measureof intensity. The intensity is determined by the energy and is therefore
a physical quartity. On the other hand, brightnessor luminance is determined by the
perception of the colour, and is therefore psydological. Given equally intense blue and
green,the blue is perceived as much darker than the green. Note alsothat our perception
of intensity is nonlinear, with changesof normalisedintensity from 0.1to 0.11and from
0.5to 0.55being perceiwed as equal changesin brightness|[3.

Colour dependsprimarily on the re ectance properties of an object. We seethose rays
that are re ected, while others are absorked. Howewer, we also must considerthe colour
of the light source, and the nature of human visual system. For example, an object
that re ects both red and greenwill appear greenwhen there is greenbut no red light
illuminating it, and cornverselyit will appear red in the absenseof greenlight. In pure
white light, it will appear yellow (= red + green).

2 Tristim ulus theory of colour perception

As discussedn lecture 1, the human retina has 3 kinds of cones. The responseof eah
type of coneas a function of the wavelength of the incidert light is shovn in Figure 2.
The peaksfor eat curve are at 440nm (blue), 545nm (green) and 580nm (red). Note
that the last two actually peakin the yellow part of the spectrum[2)].
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Figure 2: Spectral responsecurvesfor eat conetype. The peaksfor ead curve are at
440nm (blue), 545nm(green) and 580nm (red).

2.1 It's all in your head!

We have seenhow long wavelengthslook red and short onesblue, but why is this the
case?ls there really anything intrinsically \red" about long wavelengths?
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The answer is no. IsaacNewton wrote in his 1704book Opticks[3]

...the Rays to speakproperly are not coloured. In them there is nothing else
than a certain Power and Disposition to stir up a Sensationof this or that
Colour.

In other words, the perception of colour is an ertirely arbitrary creation of our nervous
system,and is in no way cortained in the wavelengthsthemselhes[4.

CIE primaries

The tristim ulus theory of colour perceptionseemso imply that any colourcanbe obtained
from a mix of the three primaries, red, greenand blue, but although nearly all visible
colours can be matched in this way, somecannot. Howeer, if one of the primaries is
addedto one of theseunmatchable colours,it can be matched by a mixture of the other
two, and sothe colour may be consideredto have a negative weighting of that particular
primary.

In 1931,the Commissioninternationale de I' Eclairage (CIE) de ned three standard pri-
maries,called X, Y and Z, that can be addedto form all visible colours. The primary Y
was chosenso that its colour matching function exactly matchesthe luminous-e ciency
function for the human eye, given by the sum of the three curvesin Figure 2.

The CIE Chromaticity Diagram (see Figure 3) shaws all visible colours. The x and y
axis give the normalisedamourts of the X and Y primaries for a particular colour, and
hencez=1 x vy givesthe amount of the Z primary required. Chromaticity depends
on dominant wavelength and saturation, and is independen of luminous energy Colours
with the samechromaticity, but di erent luminanceall map to the samepoint within this
region.

The pure coloursof the spectrum lie on the curved part of the boundary, and a standard
white light has colour de ned to be near (but not at) the point of equalenergyx = y =

z= % Complemenary colours,i.e. coloursthat add to give white, lie on the endpoints
of a line through this point. As illustrated in Figure 4, all the coloursalong any line in

the chromaticity diagram may be obtained by mixing the colourson the end points of the
line. Furthermore, all colourswithin a triangle may be formed by mixing the colours at
the vertices. This property illustrates graphically the fact that all visible colourscannot
be obtained by a mix of R, G and B (or any other three visible) primaries alone, since
the diagram is not triangular!

3 Colour Mo dels

Colour models provide a standard way to specify a particular colour, by de ning a 3D
coordinate system,and a subspacehat cortains all constructible colourswithin a partic-
ular model. Any colour that can be speci ed using a model will correspnd to a single
point within the subspaceat de nes. Each colour model is oriented towards either speci ¢
hardware (RGB,CMY,YIQ), or image processingapplications (HSI).
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Figure 3: The CIE Chromaticity Diagram shawing all visible colours. x and y are the
normalisedamourts of the X and Y primaries presen, andhencez =1 x Yy givesthe
amourt of the Z primary required.
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Figure 4: Mixing colourson the chromaticity diagram. All colourson the line I J canbe
obtained by mixing coloursl and J, and all coloursin the triangle | JK can be obtained
by mixing coloursl, J and K.

3.1 The RGB Mo del

In the RGB model, an image consistsof three independert image planes, one in eah
of the primary colours: red, greenand blue. (The standard wavelengthsfor the three
primaries are as shavn in gure 1). Specifying a particular colour is by specifying the
amourt of ead of the primary componerts presen. Figure 5 shows the geometry of
the RGB colour model for specifying colours using a Cartesian coordinate system. The
greyscalespectrum, i.e. those colours made from equalamourts of ead primary, lies on
the line joining the bladk and white vertices.

This is an additive model, i.e. the colourspresen in the light add to form new colours,
and is appropriate for the mixing of colouredlight for example. The image on the left
of gure 6 shows the additive mixing of red, greenand blue primaries to form the three
secondarycoloursyellow (red + green),cyan (blue + green)and magena (red + blue),
and white ((red + green+ blue).

The RGB model is usedfor colour monitors and most video cameras.

3.2 The CMY Mo del

The CMY (cyan-magema-yellon) model is a subtractive model appropriate to absorption
of colours, for exampledue to pigmerts in paints. Whereasthe RGB model askswhat is
addedto black to get a particular colour, the CMY model askswhat is subtracted from
white. In this case,the primaries are cyan, magera and yellow, with red, greenand blue
as secondarycolours(seethe imageon the right of Figure 6).

When a surfacecoatedwith cyan pigmert is illuminated by white light, no red light is
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Figure 5: The RGB colour cube. The greyscalespectrum lies on the line joining the black
and white vertices.

re ected, and similarly for mageria and green, and yellow and blue. The relationship
betweenthe RGB and CMY modelsis given by:
0 1 0 _1 © 1
C 1 R
oM Ek=01%k Bck:
B

Y 1

The CMY model is usedby printing devicesand lters.

3.2.1 Why does blue paint plus yellow paint give green?

As all schoolchildren know, the way to make greenpaint is to mix blue paint with yellow.
But how doesthis work? If blue paint absorbsall but blue light, and yellow absorbsblue
only, when conbined no light should be re ected and black paint result.

Howewer, what actually happensis that imperfectionsin the paint are exploited. In
practice, blue paint re ects not only blue, but also somegreen. Sincethe yellow paint
alsore ects green(sinceyellow = green+ red), somegreenis re ected by both pigmerts,
and all other coloursare abosrbed, resulting in greenpaint.

3.3 The HSI Mo del

As mertioned above, colour may be speci ed by the three quartities hue, saturation and
intensity. This is the HSI model, and the ertire spaceof coloursthat may be speci ed in
this way is shown in Figure 7.



Figure 6: The gure onthe left shavsthe additive mixing of red, greenand blue primaries
to form the three secondarycoloursyellow (red + green),cyan (blue + green)and magerna
(red + blue), and white ((red + green+ blue). The gure on the right shows the three
subtractive primaries, and their pairwise combinations to form red, greenand blue, and
nally bladk by subtracting all three primaries from white.

Conversionbetweenthe RGB model and the HSI model is quite complicated. The inten-

sity is given by
R+G+B

3 )
wherethe quartities R, G and B are the amourts of the red, greenand blue componerts,
normalisedto the range[0; 1]. The intensity is thereforejust the averageof the red, green
and blue componerts. The saturation is given by:

min(R; G;B) _

| - R+G+B
wherethe min(R; G; B) term is really just indicating the amourt of white presen. If any
of R, G or B are zero,there is no white and we have a pure colour. The expressiorfor the
hue is rather involved, details of the derivation may be found in Gonzalezand Woods [1].

|

s[(R G+ (R B

(R G)*+ (R B)G B)*

S=1 min(R; G;B)

H=cos!?

This equationyields a value of hue in the range0 if EI‘— > |9 thenH =2 H.

3.4 The YIQ Mo del

The YIQ (luminance-inphase-quadrature)model is a recading of RGB for colour tele-
vision, and is a very important model for colour image processing. The importance of
luminancewas discussedn x1.

The corversionfrom RGB to YIQ is given by:

0 1 0 10 1
Y 0:299 0:587 0:114 R

B1 K=%0596 0275 0321%:BHGK
Q 0212 0523 0:311 B
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Figure 7: The HSI model, shaving the HSI solid on the left, and the HSI triangle on the
right, formed by taking a horizortal slicethrough the HSI solid at a particular intensity.
Hue is measuredfrom red, and saturation is given by distancefrom the axis. Colours on
the surfaceof the solid are fully saturated, i.e. pure colours, and the greyscalespectrum
is on the axis of the solid. For thesecolours, hue is unde ned.

The luminance (Y) componert cortains all the information required for black and white

television, and captures our perception of the relative brightness of particular colours.
That we perceiwe greenas much lighter than red, and red lighter than blue, is indicated

by their respective weights of 0.587,0.299and 0.114in the rst row of the corversion
matrix above. Theseweighs should be usedwhen converting a colour imageto greyscale
if you want the perceptionof brightnessto remain the same. This is not the casefor the

intensity componer in an HSI image,asshaovn in gure 8.

The Y componert is the sameasthe CIE primary Y (seex2.1).

4 Applying Greyscale Transformations to Colour Im-
ages

Given all thesedi erent represetations of colour, and hencecolour images,the question
arisesasto what is the bestway to apply the imageprocessingechniqueswe have covered
sofar to theseimages?One possibility is to apply the transformationsto ead colour plane
in an RGB image,but what exactly doesthis mean?If we want to increasethe cortrast in
a dark image by histogram equalisation,can we just equaliseead colour independertly?
This will result in quite di erent coloursin our transformedimage. In generalit is better
to apply the transformation to just the intensity componert of an HSI image, or the
luminance componert of a YIQ image,thus leaving the chromaticity unaltered.

An exampleis shovn in Figure 9. When histogram equalisationis applied to ead colour



(a) Colour Image

(b) Intensity Image

(c) Luminance Image

Figure 8: Image (a) shaws a colour test pattern, consistingof horizortal stripesof bladk,

blue, green,cyan, red, magena and yellow, a colour ramp with constart intensity, maxi-

mal saturation, and hue changinglinearly from red through greento blue, and a greyscale
ramp from black to white. Image (b) shaws the intensity for image(a). Note how much

detail is lost. Image (c) shavs the luminance. This third image accurately re ects the

brightnessvariations preceived in the original image.



plane of the RGB image,the nal imageis lighter, but also quite di erently colouredto
the original. When histogram equalisationis only applied to the luminance componen
of the imagein YIQ format, the result is more like a lighter versionof the original image,
asrequired.
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Figure 9: The top imageis a very dark image of a forest scene.The middle imageis the
result of applying histogram equalisationto ead of the red, greenand blue componerts
of the original image. The bottom image is the result of converting the imageto YIQ
format, and applying histogram equalisationto the luminance componert only.
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