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

1016 

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



Roberto Cipolla 

Active Visual Inference 
of Surface Shape 

Springer 



Series Editors 

Gerhard Goos 
Universit~it Karlsruhe 
Vincenz-Priessnitz-StraBe 3, D-76128 Karlsruhe, Germany 

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

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

Author 

Roberto Cipolla 
Department of Engineering, University of Cambridge 
Trumpington Street, CB2 1PZ Cambridge, UK 

Cataloging-in-Publication data applied for 

Die  Deu t s che  B i b l i o t h e k  - C I P - E i n h e i t s a u f n a h m e  

Cipolla, Roberto: 
Act ive  visual  i n f e r ence  o f  surface  shape / Rob e r t o  Cipol la .  - 
Ber l in  ; H e i d e l b e r g  ; N e w  Y o r k  ; Ba rce lona  ; Budapes t  ; H o n g  
Kong  ; L o n d o n  ; Mi l an  ; Par is  ; Santa  Clara  ; S ingapore  ; 
Tokyo  : Spr inger ,  1995 

(Lecture notes in computer science ; 1016) 
ISBN 3-540-60642-4 

NE: GT 

CR Subject Classification (1991): 1.4, 1.2.9, 1.3.5, 1.5.4 

Cover Illustration: Newton after William Blake 
by Sir Eduardo Paolozzi (1992) 

ISBN 3-540-60642-4 Springer-Verlag Berlin Heidelberg New York 

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is 
concerned, specifically the rights 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 Springer-Verlag Berlin Heidelberg 1996 
Printed in Germany 

Typesetting: Camera-ready by author 
SPIN 10486004 06/3142 - 5 4 3 2 1 0 Printed on acid-free paper 



Every one says something true about the nature of things, and while individually 
they contribute little or nothing to the truth, by the union of all a considerable 
amount is amassed. 

Aristotle, Metaphysics Book 2 
The Complete Works of Aristotle, Princeton University Press, 1984. 



P r e f a c e  

Robots manipulating and navigating in unmodelled environments need robust 

geometric cues to recover scene structure. Vision can provide some of the most 
powerful cues. However, describing and inferring geometric information about 

arbitrarily curved surfaces from visual cues is a difficult problem in computer 

vision. Existing methods of recovering the three-dimensional shape of visible sur- 

faces, e.g. stereo and structure from motion, are inadequate in their t reatment  

of curved surfaces, especially when surface texture is sparse. They also lack ro- 

bustness in the presence of measurement noise or when their design assumptions 

are violated. This book addresses these limitations and shortcomings. 

Firstly novel computational theories relating visual motion arising from viewer 

movements to the differential geometry of visible surfaces are presented. It is 
shown how an active monocular observer, making deliberate exploratory move- 

ments, can recover reliable descriptions of curved surfaces by tracking image 

curves. The deformation of apparent contours (outlines of curved surfaces) un- 

der viewer motion is analysed and it is shown how surface curvature can be 

inferred from the acceleration of image features. The image motion of other 

curves on surfaces is then considered, concentrating on aspects of surface geom- 

etry which can be recovered efficiently and robustly and which are insensitive to 

the exact details of viewer motion. Examples include the recovery of the sign 

of normal curvature from the image motion of inflections and the recovery of 

surface orientation and time to contact from the differential invariants of the 

image velocity field computed at image curves. 

These theories have been implemented and tested using a real-time tracking 

system based on deformable contours (B-spline snakes). Examples are presented 

in which the visually derived geometry of piecewise smooth surfaces is used in a 

variety of tasks including the geometric modelling of objects, obstacle avoidance 

and navigation and object manipulation. 
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