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Cathode-ray tube (CRT), eg old television and computer screens
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• Colour perception takes places in human eyes and brain 

• It’s not completely known how human works 

• But we have models that are accepted

Perception of colours



• The eye’s general sensitivity is to wavelengths between 

400–700 nm 

• The retinas in our eyes have cones (light-sensitive 

receptors) that send signals to the brain when they are hit 

by photons with energy levels that correspond to different 

wavelengths in the visible range of the EM spectrum  

• 3 diff kinds of cones, responding to blue, green and red 

wavelengths 

• 3 colour spaces (or models): 

1. RBG [additive] 

2. Intensity Hue Saturation (IHS) 

3. Yellow Magenta Cyan (YMC) [subtractive]

Tri-stimuli model



• Additive model 

• 3 sources 

• When we look at the result, our brain combines the stimuli 

from the red, green and blue dots and enables us to perceive 

all possible colours from the visible part of the spectrum.  

• During the combination, the three colours are added. 

• Our computer screens work this way

RGB model (Red Green Blue)

https://commons.wikimedia.org/wiki/File:Cathode_ray_Tube.PNG

Additive 



• Intensity describes whether a colour is light or dark 

• Hue refers to the names that we give to colours: red, green, yellow, 

orange, purple, etc.  

• Saturation describes a colour in terms of pale versus vivid (pastel 

colours have low saturation) 

• In daily speech we do not express colours in the red, green and blue 

• “Light, pale red” is easier to imagine than “a lot of red with considerable 

amounts of green and blue”  

• Also 3 values, RGB can be transformed to IHS, and vice-versa

IHS (Intensity Hue Saturation)



• YMC colour description is used in colour definition on hard copies 

(printers) 

• each component can be seen as a coloured filter  

• the filters are yellow, magenta and cyan  

• each filter subtracts one primary colour from the white light: the 

magenta filter subtracts green, so that only red and blue are left; the 

cyan filter subtracts red, and the yellow one blue.

YMC (Yellow Magenta Cyan)

Subtractive 



Histograms



Histograms



Single-band display

Transfer function maps the values for one band into (grey) shades 



• True colour composite 

• False colour composite

Colour composites



• local image transformations: a new image is calculated and the 

value of a pixel depends on the values of its former neighbours. 

• like focal operators in Map Algebra (GEO1002) 

• kernel is used: 3x3, 4x4 or larger

Filter operations

Smoothing 3x3 filter (average) 

eg to remove noise

Edge enhancement 

 filter (3x3) 

to emphasise local diffs



Filter operations



Colour composites: intensity substitution

• Image fusion: displaying images from diff 

sensors (and diff resolutions) to enhance 

display



Coordinate system



Transformation of an image and resampling
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Figure �.��: Bilinear interpolation.

Figure �.��: Resampling of an input grid,
the output grid has different orientation.

Firstly the Laplace interpolant is exact: the interpolation method returns
the exact value, rather than some estimate, of a sample point when
it is queried at that precise location. Secondly, it is continuous and
continuously differentiable (C1) everywhere except at sites where finitely
many Voronoi circles intersect. Thirdly, it is local, ie it uses only a
local subset of data for the interpolation of a point. This limits the
computational cost and supports efficient addition or removal of new data
points. Finally, like the VD itself, it is adaptive to the spatial configuration
of sample points. Unlike other methods such as IDW interpolation, the
Laplace interpolant requires no user-defined parameters.

�.�.� Bilinear Interpolation

When one wants to know the value of the elevation at a location p, she
can simply look at the value of the pixel (which is equivalent to using
nearest neighbour interpolation), but this method has many drawbacks,
for example when one needs to resample a grid. Resampling means
transforming an input grid so that the resolution and/or the orientation
are different, see Figure �.��.

Bilinear interpolation has been shown to give better results. The method,
which can be seen as an “extension’ of linear interpolation for raster data,
performs linear interpolation in one dimension (say along the x axis),
and then in the other dimension (y). Here one has to be careful about
the meaning of a grid: does the value of a pixel represent the value of the
whole pixel? or was the grid constructed by sampling the values at the
middle of each pixel? In most cases, unless metadata are available, it is
not known. But in the context of terrain modelling, we can assume that
the value of a pixel represents the value at the centre of the pixel.

Suppose we have � adjacent pixels, each having an elevation, as in Figure
�.��. Bilinear interpolation uses the � centres to perform the interpolation
at location p ⇤ (px , py); it is thus a weighted-average method because the
� samples are used, and their weight is based on the linear interpolation, as
explained below. We need to linearly interpolation the values at locations
q and r with linear interpolation, and then linearly interpolate along the
y axis with these values. Also, notice that the result is independent of
the order of interpolation: we could start with interpolating along the y

axis and then the x axis and we would get the same result. For the case

�.� Weighted-average methods ��

Figure �.��: Bilinear interpolation.

Figure �.��: Resampling of an input grid,
the output grid has different orientation.

Firstly the Laplace interpolant is exact: the interpolation method returns
the exact value, rather than some estimate, of a sample point when
it is queried at that precise location. Secondly, it is continuous and
continuously differentiable (C1) everywhere except at sites where finitely
many Voronoi circles intersect. Thirdly, it is local, ie it uses only a
local subset of data for the interpolation of a point. This limits the
computational cost and supports efficient addition or removal of new data
points. Finally, like the VD itself, it is adaptive to the spatial configuration
of sample points. Unlike other methods such as IDW interpolation, the
Laplace interpolant requires no user-defined parameters.

�.�.� Bilinear Interpolation

When one wants to know the value of the elevation at a location p, she
can simply look at the value of the pixel (which is equivalent to using
nearest neighbour interpolation), but this method has many drawbacks,
for example when one needs to resample a grid. Resampling means
transforming an input grid so that the resolution and/or the orientation
are different, see Figure �.��.

Bilinear interpolation has been shown to give better results. The method,
which can be seen as an “extension’ of linear interpolation for raster data,
performs linear interpolation in one dimension (say along the x axis),
and then in the other dimension (y). Here one has to be careful about
the meaning of a grid: does the value of a pixel represent the value of the
whole pixel? or was the grid constructed by sampling the values at the
middle of each pixel? In most cases, unless metadata are available, it is
not known. But in the context of terrain modelling, we can assume that
the value of a pixel represents the value at the centre of the pixel.

Suppose we have � adjacent pixels, each having an elevation, as in Figure
�.��. Bilinear interpolation uses the � centres to perform the interpolation
at location p ⇤ (px , py); it is thus a weighted-average method because the
� samples are used, and their weight is based on the linear interpolation, as
explained below. We need to linearly interpolation the values at locations
q and r with linear interpolation, and then linearly interpolate along the
y axis with these values. Also, notice that the result is independent of
the order of interpolation: we could start with interpolating along the y

axis and then the x axis and we would get the same result. For the case

bilinear interpolation == GEO1015
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