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Preface

Computer graphics has been advancing to the level of creating completely new
worlds inside computers. Through such computer graphics worlds, we human beings
now have far improved insight into wide varieties of real worlds starting from fairly
simple but exact worlds of curves and surfaces and reaching to complex human
worlds. This volume presents a concrete and advanced methods, techniques, mod-
eling and mathematical backgrounds of the 12th Computer Graphics International
(CGI94} held at Royal Melbourne Institute of Technology, Melbourne, Australia or-
ganized jointly with Computer Graphics Society (CGS), June 27-July 1, 1994, with
emphasis on the applicability development of computer graphics based on the math-
ematical modeling of 3-dimensional shapes and complex phenomena. All research
papers presented in this volume were referred and covered both the foundations and
advances of computer graphics to increase the human visual insight of varieties of
worlds.

Indeed, at the turning point of the century, the value of the advanced knowledge
of computer graphics to visually present the complexity is ever increasing. As
almost only annual conference series geographically going around the entire globe,
Computer Graphics International (CGI) is also a vital media to promote researches
in computer graphics internationally.

The editors wish to thank Professor David F. Rogers for co-chairing CGI94.
Thanks also go to Royal Melbourne Institute of Technology and to Aizu Area
Foundation for Promotion of Education and Science directed by Mr. Atsuyasu
Takagi for making the publication of this book possible through financial support.
Assistance of Professor Yuko Kesen and Professor Kazuaki Yamauchi of Office for
Planning and Management of the University of Aizu in compiling the volume is
deeply appreciated.

April 1996

Michael Gigante, Royal Melbourne Institute of Technology

E-mail: mg@godzilla.cgl.rmit.oz.au

and

Tosiyasu L.Kunii, the University of Aizu

E-mail: kunii@u-aizu.ac.jp

Editors
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Computer Graphics International is a series of annual conferences started in
1983 and organized by Computer Graphics Society (CGS), Geneva, Switzerland.

Computer Graphics Society (CGS):
A non-profit academic association dedicated to the international advancement of
computer graphics, registered in Switzerland.

Headquarters:
MIRALab, C.U.L
University of Geneva
24 rue General-Dufour
CH-1211 Geneva 4
Switzerland

President:
Professor Nadia Magnenat Thalmann
E-mail: THALMANN®@uni2a.unige.ch

Open and refereed conferences sponsored:
Computer Graphics International {CGI)
Computer Animation

Pacific Graphics

Multimedia Modeling (MMM)

The list of proceedings:

Computer Graphics: Theory and Applications (Proceedings of InterGraphics
’83} edited by T.L. Kunii (Springer-Verlag, 1983). ISBN 4-431-70001-3 ISBN 3-540-
70001-3 ISBN 0-387-70001-3

Frontiers in Computer Graphics (Proceedings of Computer Graphics Tokyo
'84) edited by T.L. Kunii (Springer-Verlag, 1984). ISBN 4-431-70004-8 ISBN
3-540-70004-8 ISBN 0-387-70004-8

Computer Graphics: Visual Technology and Art {Proceedings of Computer
Graphics Tokyo '83) edited by T.L. Kunii (Springer-Verlag, 1985). ISBN 4-431-
70009-9 ISBN 3-540-70009-9 ISBN 0-387-70009-9

Advanced Computer Graphics (Proceedings of Computer Graphics Tokyo '86)
edited by T.L. Kunii (Springer-Verlag, 1986). ISBN 4-431-70011-0 ISBN 3-5340-
70011-0 ISBN (0-387-70011-0
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Computer Graphics (Proceedings of CG International '87) edited by T.L.
Kunii (Springer-Verlag, 1987). ISBN 4-431-70022-6 ISBN 3-540-70022-6 ISBN
0-387-70022-6

New Trends in Computer Graphics (Proceedings of CG International '88) edited
by N.M. Thalmann and D. Thalmann (Springer-Verlag, 1988). ISBN 3-540-19328-6
ISBN 0-387-19328-6

New Advances in Computer Graphics (Proceedings of CG International '89)
edited by R.A. Earnshaw and B. Wyvill (Springer-Verlag, 1989). ISBN 4-431-
70045-5 ISBN 3-540-70045-5 ISBN 0-387-70045-5

CG International *80: Computer Graphics Around the World (Proceedings of
CG International *90) edited by T.S Chua and T.L. Kunii (Springer Verlag, 1990).
ISBN 4-431-70062-5 ISBN 3-540-70062-5 ISBN 0-387-70062-5

Scientific Visualization of Physical Phenomena (Proceedings of CG Interna-
tional '91) edited by N.M. Patrikalakis (Springer Verlag, 1991). ISBN 4-431-70081-1
ISBN 3-540-76081-1 ISBN 0-387-70081-1

Visual Computing: Integrating Computer Graphics with Computer Vision
(Proceedings of CG International '92) edited by T.L. Kunii {Springer-Verlag, 1992).
ISBN 4-431-76103-6 ISBN 3-540-70103-6 ISBN 0-387-70103-6

Communicating with Virtual Worlds (Proceedings of CG International '93)
edited by N.M. Thalmann and D. Thalmann (Springer-Verlag, 1993). ISBN
4-431-70125-7 ISBN 3-540-70125-7 [SBN (-387-70125-7

State-of-the-art in Computer Animation (Proceedings of Computer Animation
'89) edited by N.M. Thalmann and D. Thalmann (Springer-Verlag, 1989). ISBN
4-431-70046-3 ISBN 3-540-70046-3 ISBN 0-387-70046-3

Computer Animation '90 (Proceedings of Computer Animation '90) edited by
N.M. Thalmann and D. Thalmann {Springer-Verlag, 1990}. ISBN 4-431-70061-7
ISBN 3-540-70061-7 ISBN 0-387-70061-T

Computer Animation 91 (Proceedings of Computer Animation ’91) edited by
N.M. Thalmann and D. Thalmann {Springer-Verlag, 1991). ISBN 4-431-70077-3
ISBN 3-540-70077-3 ISBN 0-387-70077-3

Creating and Animating the Visual World (Proceedings of Computer Animation
'92) edited by N.M. Thalmann and D). Thalmann (Springer-Verlag, 1992). ISBN
4-431-70093-5 ISBN 3-540-70093-5 ISBN 0-387-70093-5
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Models and Techniques in Computer Animation (Proceedings of Computer An-
imation '93) edited by N.M. Thalmann and D. Thalmann (Springer-Verlag, 1993).
ISBN 4-431-70124-9 ISBN 3-540-70124-9 [SBN 0-387-70124-9

Computer Animation ‘94 (Proceedings of Computer Animation '94) edited by
N.M. Thalmann and D. Thalmann (IEEE Computer Society Press, 1994). ISBN
0-816-6240-9

Computer Animation '95 (Proceedings of Computer Animation '35) cdited by
N.M. Thalmann and D. Thalmann {IEEE Computer Society Press, 1995). ISBN
(0-816-7062-2

Computer Graphics and Applications (Proceedings of the First Pacific Confer-
ence on Computer Graphics and Applications, Pacific Graphics '93) edited by S.Y.
Shin and T.L. Kunii (World Scientific, 1993). ISBN 981-02-1529-0

Fundamentals of Computer Graphics (Proceedings of the Second Pacific Con-
ference on Computer Graphics and Applications, Pacific Graphics '94) edited by
J. Chen, N M. Thalmann, Z. Tang and D. Thalmann {World Scientific, 1994). ISBN
981-02-1896-6

Computer Graphics and Applications {Proceedings of the Third Pacific Confer-
ence on Computer Graphics and Applications, Pacific Graphics '95) edited by S.Y.
Shin and T.L. Kunii {World Scientific, 1995). ISBN 981-02-2337-4

Open and refereed membership journals:
The Visual Computer, Springer Verlag Visualization and Computer Animation
{John Wiley & Sons).
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