
Lecture Notes in Computer Science 
Edited by G. Goos, J. Hartmanis and J. van Leeuwen 

885 

Advisory Board: W. Brauer D. Gries J. Stoer 



Remco C. Veltkamp 

Closed Object Boundaries 
from Scattered Points 

Springer-Verlag 
Berlin Heidelberg NewYork 
London Paris Tokyo 
Hong Kong Barcelona 
Budapest 



Series Editors 

Gerhard Goos 
Universitat Karlsruhe 
Vincenz-Priessnitz-StraBe 3, D-76128 Karlsruhe, Germany 

Juris Hartmanis 
Department of Computer Science, Cornell University 
4130 Upson Hall, Ithaka, NY 14853, USA 

Jan van Leeuwen 
Department of Computer Science, Utrecht University 
Padualaan 14, 3584 CH Utrecht, The Netherlands 

Author 

Remco C. Veltkamp 
Department of Interactive Systems, CWI 
Kruislaan 413, 1098 SJ Amsterdam, The Netherlands 

CR Subject Classification (1991): 1.3.5, G.2.2, 1.4.8, 1.5.4 

ISBN 3-540-58808-6 Springer'-Verlag Berlin Heidelberg New York 

CIP data applied for 

This work is subject to copyright. All rights are reserved, whether the whole or part 
of the material is concerned, specifically the fights of translation, reprinting, re-use 
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other 
way, and storage in data banks. Duplication of this publication or parts thereof is 
permitted only under the provisions of the German Copyright Law of September 9, 
1965, in its current version, and permission for use must always be obtained from 
Springer-Verlag, Violations are liable for prosecution under the German Copyright 
Law. 

�9 Spfinger-Verlag Berlin Heidelberg 1994 
Printed in Germany 

Typesetting: Camera-ready by author 
SPIN: 10479073 45/3140-543210 - Printed on acid-free paper 



Preface 

This Ph.D. dissertation presents the result of research carried out between 1985 
and 1992, first at Leiden University as a scientific assistant researcher, and l a t e r  
at CWI (Centre for Mathematics and Computer Science), Amsterdam, as a 
researcher on the NFI IIICAD project, funded by NWO (Dutch Organization 
for Scientific Research) under Grant NF-51/62-514. 

The research goal was the development of new methods and techniques for 
the construction of closed object boundaries from scattered points in both 2D 
and 3D. These points are either synthetic or measured from the boundary of an 
existing object. 

New results are presented in Chapters 3, 5, 7, and 9. Chapter  3 introduces 
'the v-neighborhood graph', which provides a geometrical structure on the scat- 
tered points. Chapter 5 presents a method to construct a piecewise linear bound- 
ary through all given scattered points which is based on the v-neighborhood 
graph. Chapter 7 introduces 'the flintstones scheme', a hierarchical approxi- 
mation and localization scheme. Chapter 9 presents methods to construct a 
smooth piecewise cubic boundary from a piecewise linear one (e.g. resulted from 
methods of Chapter 5 or 7). 

The material presented in this dissertation has partly appeared before in 
other publications. The correspondence between the chapters and publications is 
as follows: Chapters 2 and 3: [Veltkamp, 92c], Chapters 4 and 5: [Veltkamp, 89a] 
and [Veltkamp, 91], Chapters 6 and 7: [Veltkamp, 90] and [Veltkamp, 92b], 
Chapter 8: [Veltkamp, 92d], Chapter 9: [Veltkamp, 92a]. 

The text of this thesis could never have matured without the suggestions and 
constructive criticism of many colleagues, above all my Ph.D. supervisors Jan 
van den Bos and Mark Overmars. Arie de Bruin, Nies Huijsmans, Pia Pfluger, 



VI Preface 

Roel Stroeker, and Cees Traas made valuable comments on this manuscript. 
In addition, Nies Huijsmans played a crucial role in stimulating me at hard 
times. Several people contributed to the development of first versions of chunks 
of software: my colleagues Peter van Oosterom and Rene Pluis, and the students 
Timo Koornstra, Roel van der Land, and Jos van Hillegersberg. Paul ten Hagen 
made it possible to finish this research as part of the NFI IIICAD project. 
Finally, Desiree Capel helped with the production of the manuscript through 
mental support and professional editorial remarks. 



Contents 

3 

4 

I n t r o duc t i o n  1 
1.1 B o u n d a r y  c o n s t r u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  2 

1.2 O u t l i n e  of  t h e  t h e s i s  . . . . . . . . . . . . . . . . . . . . . . . . .  6 

1.3 C o n v e n t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

G e o m e t r i c  g r a p h s  9 

2.1 I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

2.2 O v e r v i e w  of  g e o m e t r i c  g r a p h s  . . . . . . . . . . . . . . . . . . . .  11 

2.3 C o n c l u d i n g  r e m a r k s  . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

T h e  

3.1 

3.2 

3.3 

3.4 

3.5 

3 .6  

v - N e i g h b o r h o o d  Graph 23 
I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

T h e  V(c0, c l ) - G r a p h  . . . . . . . . . . . . . . . . . . . . . . . . .  23 

T h e  V([c0, c l ] ,  [c2, c 3 ] ) - G r a p h  . . . . . . . . . . . . . . . . . . . . .  26 

E x a m p l e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

C o m p l e x i t i e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

C o n c l u d i n g  r e m a r k s  . . . . . . . . . . . . . . . . . . . . . . . . .  36  

B o u n d a r y  c o ns tr uc t io n  3 7  

4.1 I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

4 .2  S t a t e m e n t  of  t h e  p r o b l e m  . . . . . . . . . . . . . . . . . . . . . .  38 

4 .3  O v e r v i e w  of  b o u n d a r y  c o n s t r u c t i o n  m e t h o d s  . . . . . . . . . . . .  40 

4 .4  O t h e r  w o r k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

4.5 C o n c l u d i n g  r e m a r k s  . . . . . . . . . . . . . . . . . . . . . . . . .  44  

5 B o u n d a r y  f r o m  t h e  v - G r a p h  45 
5.1 I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45  

5.2 B o u n d a r y  p o l y g o n  . . . . . . . . . . . . . . . . . . . . . . . . . .  46  

5.3 B o u n d a r y  p o l y h e d r o n  . . . . . . . . . . . . . . . . . . . . . . . .  49  

5 .4  H a m i l t o n i c i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

5.5 I m p l e m e n t a t i o n  a n d  c o m p l e x i t y  . . . . . . . . . . . . . . . . . . .  56 

5.6 C o m p a r i s o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 

5.7 C o n s t r a i n e d  c o n s t r i c t i o n  . . . . . . . . . . . . . . . . . . . . . . .  60 

5.8 C o n c l u d i n g  r e m a r k s  . . . . . . . . . . . . . . . . . . . . . . . . .  61 



viii 

6 A p p r o x i m a t i o n  a n d  l o c a l i z a t i o n  6 3  

6.1 I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63  

6.2 E r r o r  c r i t e r i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 

6 .3  B o u n d a r y - b a s e d  i n t r i n s i c  s c h e m e s  . . . . . . . . . . . . . . . . . .  67  

6.4 O t h e r  s c h e m e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 

6.5 C o n c l u d i n g  r e m a r k s  . . . . . . . . . . . . . . . . . . . . . . . . .  72 

7 T h e  
7.1 

7.2 

7.3 

7.4 

7.5 

f l i n t s t o n e s  73 
I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 

F l i n t s t o n e s  in  2D . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 3  

F l i n t s t o n e s  in  3D . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 

H i e r a r c h i c a l  c p e r a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . .  89 

C o n c l u d i n g  remar l~s  . . . . . . . . . . . . . . . . . . . . . . . . .  90  

8 S m o o t h  c u r v e s  a n d  surfaces  93 
8.1 I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 

8.2 C u r v e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94  

8.3 S u r f a c e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98  

8.4 V i s u a l  a s p e c t s  of  c o n t i n u i t y  . . . . . . . . . .  . . . . . . . . . . .  104 

8.5 C o n c l u d i n g  r e m a r k s  . . . . . . . . . . . . . . . . . . . . . . . . .  107 

9 G 1 b o u n d a r y  c o n s t r u c t i o n  1 0 9  

9.1 I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 

9.2 A G 1 b c u n d a r y  c u i v e  . . . . . . . . . . . . . . . . . . . . . . . .  110 

9.3 A n a l y s i s  c f  s u r f a c e  d e g r e e  . . . . . . . . . . . . . . . . . . . . . .  113 

9.4 S u r f a c e  n o r m a l  e s t i m a t i o n  . . . . . . . . . . . . . . . . . . . . . .  115 

9.5 L o c a l  s c h e m e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116 

9.6 A c u b i c  t h r e e - s p l i t  s c h e m e  . . . . . . . . . . . . . . . . . . . . . .  117 

9 .7  T o w a r d s  a n  a d a p t i v e  s p l i t t i n g  s c h e m e  . . . . . . . . . . . . . . .  121 

9.8 A c u b i c  s i x - s p l i t  s c h e m e  . . . . . . . . . . . . . . . . . . . . . . .  124 

9.9 C o n c l u d i n g  r e m a r k s  . . . . . . . . . . . . . . . . . . . . . . . . .  128 

10 C o n c l u s i o n s  129 

R e f e r e n c e s  133 

I n d e x  1 4 1  


