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Abstract

This dissertation is a presentation of methods for the design of geometric shapes

that mimic many forms found in a natural environment.  It is argued that a

skeleton provides an intuitive and interactive specification for these geometric

shapes, and that these shapes are well represented mathematically as implicit

surfaces.  Substantial portions of the dissertation are devoted to the development

of techniques that relate the skeleton to the implicit surface, providing for a

geometrically smooth result. 

New techniques and presentations are given concerning convolution surfaces and

conditions under which they are seamless and bulge-free.  New techniques are also

given to embed a volume within a surface.  Models for the human hand and the

botanical leaf illustrate the techniques.
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Prior Publications and Collaborations

Certain techniques presented in this dissertation are extensions of work previously

prepared by the author, alone or in collaboration with others.

The techniques for non-manifold polygonization, presented in chapter 4, resulted

from a collaboration with Keith Ferguson, of this department.  Although the work

has not been previously published, a variation of the present treatment appears as

a technical report of this department [Bloomenthal and Ferguson 1994].

Non-manifold polygonization developed from the author’s attempt to trim a

parametric surface against an implicitly defined volume.  An ad hoc case analysis,

briefly described in section 4.1, was nearly implemented when Keith Ferguson

observed that a more elegant approach would be the generalization of

conventional implicit surface definitions beyond their restriction to binary regions

of space.  He realized that a polygonizer predicated on multiple regions would

produce the same vertices as with the case analysis.  Together, we developed

efficient and robust algorithms.  Implementation was a shared and substantial

undertaking that produced more than 3000 lines of software.

All other software implementations for the techniques described in this

dissertation were developed by the author, with the exception of the RenderMan

renderer, developed by Pixar Corporation, an image filtering procedure used in

parts of chapter 6, which had been previously implemented by Paul Heckbert, and

the venation program for figure 5.2, which was jointly written with Andrew

Glassner.
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Some portions of chapter 3 were originally developed in a Xerox technical report

[Bloomenthal 1989] and in [Bloomenthal 1988]; some other portions were derived

from [Bloomenthal and Wyvill 1990] and still other portions were derived from

[Bloomenthal 1994].  Figure 3.10 first appeared in [Bloomenthal 1994] and was

originally suggested by Mark Ganter, who also provided the definition for the

‘jacks’ in chapter 3.

Portions of chapter 5 concerning convolution were co-developed with Ken

Shoemake, and described in [Bloomenthal and Shoemake 1991].  Portions

concerning ramification were partially derived from [Bloomenthal 1985],

[Bloomenthal 1988], and [Bloomenthal 1989].  Portions concerning reference

frames were partially derived from [Bloomenthal 1990].  Portions concerning

texture coordinates were derived from [Bloomenthal 1989].

Portions of chapter 6 first appeared as an extended abstract in [Bloomenthal 1992].
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