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Abstract
This dissertation introduces a new method of creating computer graphics textures that is
based on simulating a biological model of pattern formation known as reaction-diffusion.
Applied mathematicians and biologists have shown how simple reaction-diffusion systems
can create patterns of spots or stripes.  Here we demonstrate that the range of patterns created
by reaction-diffusion can be greatly expanded by cascading two or more reaction-diffusion
systems.  Cascaded systems can produce such complex patterns as the clusters of spots found
on leopards and the mixture of spots and stripes found on certain squirrels.

This dissertation also presents a method for simulating reaction-diffusion systems directly on
the surface of any given polygonal model.  This is done by creating a mesh for simulation that
is specifically fit to a particular model.  Such a mesh is created by first randomly distributing
points over the surface of the model and causing these points to repel one another so that they
are evenly spaced over the surface.  Then a mesh cell is created around each point by finding
the Voronoi region for each point within a local planar approximation to the surface.
Reaction-diffusion systems can then be simulated on this mesh of cells.  The chemical
concentrations resulting from such a simulation can be converted to color values to create a
texture.  Textures created by simulation on a mesh do not have the problems of texture
distortion or seams between patches that are artifacts of some other methods of texturing.

Two methods of rendering these synthetic textures are presented.  The first method uses a new
surface of triangles that closely matches the original model, but whose vertices are taken from
the cells of the simulation mesh.  These vertices are assigned colors based on the simulation
values, and this re-tiled model can be rapidly displayed on a graphics workstation.  A higher-
quality image can be created by computing each pixel’s color value using a weighted average
of the chemical concentration at nearby mesh points.  Using a smooth cubic weighting
function gives a satisfactory reconstruction of the underlying function specified by the values
at the mesh points.  Several low-pass filtered versions of the texture are used to avoid aliasing
when the textured object covers a small portion of the screen.  The proper color value at a pixel
is found by selecting from the appropriately filtered level.
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