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LECTURE 18 – Bump Mapping
Bump Mapping

Introduced by Blinn in 1978 bump mapping is a technique used to make surfaces appear uneven, i.e. rough, wrinkled, pitted, etc.

Bump mapping can be used to increase the detail within an object, without increasing the number of polygons used to create the object.

The basic idea

Instead of using a texture to change a colour component in the illumination model, we access a texture to modify the surface normal.

The geometric normal of the surface remains the same. Instead, we modify the normal used in the lighting equation.

This means that the geometric surface remains unchanged.

Requirements:

Bump mapping is calculated on a per pixel basis modifying the surface normal at each pixel (Phong shading) within the lighting equation.

Embossing

Embossing is a simple form of bump-mapping which uses a 2-bit per pixel texture map (i.e. Black and white image).

Rules when traversing the texture map:

· If we land at a location where there is a transition from white to black– Rotate surface normal by angle theta.

· If we land at a location where there is a transition from black to white – Rotate surface normal by angle -theta.

· If no colour transition takes place – Leave surface normal alone

The angle theta controls the sharpness / smoothness of the emboss – i.e. the greater the angle the more pronounced the emboss appears.
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Offset Map

One method for bump mapping stores in a texture two signed values at each point. These values correspond to the amount to vary the normal along the u and v image axis (tangential). These two values are used to scale two vectors that are perpendicular to the surface normal.

The two vectors are then added to the surface normal to change its direction.

This type of bump map texture is called an offset vector bump map or offset map.

Height field Map

Another method to represent bumps is to use a height field map. Each monochrome texture represents a height, where white is a high area and black is a low area.
The difference in pixel intensity, of neighbouring pixels, is used to calculate the rate of change in height (slope). This is done by taking the differences in neighbouring columns to get the slopes for u, and between neighbouring rows for v
Height field mapping can also be used to alter the geometric properties of the surface.
Dot3 Bump Mapping

	Dot3 Bump Mapping (also known as Normal mapping) is the primary method of performing bump mapping on modern graphics hardware.

Instead of storing heights or slopes, the actual normals for the surface are stored as x,y,z vectors in a normal map. 

These are stored as 8bit (0-255) values. 
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These values are mapped to -1,1 as follows:

· The value 0 represents -1, and the value 255 represents 1

To compute the effect of a light source using Dot3 Bump Mapping
· The view vector and light vectors are calculated at each vertex and then interpolated across the surface. In other words, instead of interpolating colour values, the vectors are interpolated.

· A Normal and Tangent vector is pre-calculated and stored within the vertex data structure. 

· During the render process, both the normal and tangent vectors are transformed by the normal matrix.

· The Bi-tangent
, can then be derived using the cross product of the normal and tangent vectors. 
· The directional vectors from the vertex to the each light source are transformed by the tangent space matrix at each vertex.

· The view vector is transformed by the tangent space matrix at each vertex

· The view direction vector, light direction vectors are normal vector ( read from the normal map) are then used in the illumination model to calculate the intensity of light at the pixel level














































































� Bi-Tangent is often (inaccurately) referred to as the Bi-normal. 
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