


Shading an object

Illumination returns colour at a single point.

Repeat the process across the surface of each object – we can take 
shortcuts by calculating lighting just once for each vertex – and then 
interpolating between vertices



Flat Shading

• For a flat polygon the vector n 
is constant across the surface

• If we assume a distant viewer, 
v is constant

• If we assume a distant light 
source l is constant 

• If the three vectors are 
constant then the shading 
calculation needs to be 
calculated only once for each 
polygon



Flat Shading

• Illumination calculated for 
each polygon

• Shows differences in 
shading for different 
polygons

• Faceted rendering is not a 
believable representation 
of a smooth surface 

• The human eye is very 
sensitive to discrete 
changes in intensity





















Mach Bands

• Most sensory tissue (e.g. 
retina of the eye) and even 
portions of the brain, is 
organized so that stimulation 
of any given location produces 
inhibition of the surrounding 
nerve fibers.

• The effect, called lateral 
inhibition, increases 
perceived contrast and acts to 
differentiate the signal being 
processed.

• In graphics this sometimes 
causes an optical illusion 
called Mach Bands

The Mach Band Illusion

Actual signal

Perceived signal



Illumination Model applied at relatively small number of points, 
interpolation of colour used to fill in the polygons. 

Gouraud









Gouraud Shading
1.Calculate Normal of each 

Polygon
2. Approximate Normal at 

each vertex 

– Average normals of 
adjacent polygons

• There may be alternative 
ways of approximating a 
vertex normal
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Gouraud Shading

1.Calculate illumination at key points (using 
e.g. the Phong Illumination Model)



Gouraud Shading

1.Calculate illumination at key points
2. Interpolate between points along edges
3. Interpolate colours along scanlines



Gouraud Shading

• Calculate illumination at key points
• Interpolate between points along edges
• Interpolate colours along scanlines













Phong Shading
• A slightly better approach but more 

expensive
• Phong shading involves 

interpolation to determine 
intermediate vertex normals which 
are then applied to the illumination 
calculations

• NOT available in OpenGL but can 
be programmed in



Data is provided for key points. Intermediate normals are interpolated 
and Illumination Model applied at a large number of points. 

Phong Shading





















Texture Mapping
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Essentially involves “wall-papering” an image to a geometric object

The texture image is used to assign a different material colour to 
different points across the geometric object. This can be used in (or 
combined with) lighting calculations. 



U1, V1

U2, V2

U3, V3

geometry: x2, y2, z2

texture: u2, v2

How texture mapping is acheived

• Each vertex not only has an x,y,z, coordinate for it s 3D position but 
also a u,v, teexture coordinate, which indicates where on the texture 
image it’s colour should be retrieved from.

• For points on the surface that lie between the vertices, a 
corresponding UV coordinate is approximated by interpolation 

• The image serves as a look-up table for the colour of individual 
points on the surface.



Textures in Interactive 3D 
Applications

The texture need not be identical in shape to the geometry. 
Not every geometry texture has a unique texture triangle. 



Procedural Textures

Textures can also be defined procedurally: instead of an image as a look-up table, we 
have a mathematical function that defines the colour of each point in space.

Repeating colours Simple linear sine function

Concentric sine function Noise



Modifying Textures

Turbulence/Noise Scaling

Colour Manipulation

Procedurally textures are useful as we can apply transformations to the texture function to 
modify it. In the above example, to generate a procedural “wood” texture.



Volumetric Textures

Procedural textures defined in 3D can be used to define colour 
variations in 3D space (not just the surface)



Bump Mapping

Normal lighting: A “real” bump distorts the 
directions of the normals. However, modelling 
every small bump in geometry is expensive. 

“Fake” bumps created by distorting the 
normals although the actual geometry is 
still flat.

A bump-map texture applied to a flat polygon.

Similar to texture mapping, instead of assigning colours to points, bump mapping applies 
distortions to the lighting calculations at different points in order to generate fine detail at 
lower cost than actually modelling fine geometry.
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Bump map.

Textured object

Textured and bumped object.

A major advantage is that when light moves, bumps are correctly lit – and change with the position of the light.



Procedural Bumps

Procedural techniques can also be used for distorting normals.








