Proceedings

Third International Conference on
3-D Digital Imaging and Modeling

28 May - 1 June 2001

Quebec City, Canada

Sponsdred by

National Research Council Canada

IEEE@
COMPUTER
SOCIETY

\

Los Alamitos, California
Washington . Brussels . Tokyo




Copyright © 2001 by The Institute of Electrical and Electronics Engineers, Inc.
All rights reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source. Libraries
may photocopy beyond the limits of US copyright law, for private use of patrons, those articles in
this volume that carry a code at the bottom of the first page, provided that the per-copy fee
indicated in the code is paid through the Copyright Clearance Center, 222 Rosewood Drive,
Danvers, MA 01923. .

Other copying, reprint, or republication requests should be addressed to: IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, P.O. Box 133, Piscataway, NJ 08855-1331.

The papers in this book comprise the proceedings of the meeting mentioned on the cover and title
page. They reflect the authors’ opinions and, in the interests of timely dissemination, are
published as presented and without change. Their inclusion in this publication does not
necessarily constitute endorsement by the editors, the IEEE Computer Society, or the Institute of
. Electrical and Electronics Engineers, Inc.

IEEE Computer Society Order Number PR00984
ISBN 0-7695-0984-3
ISBN 0-7695-0985-1 (case)
ISBN 0-7695-0986-X (microfiche)
Library of Congress Number 2001087977

Additional copies may be ordered from:

IEEE Computer Society IEEE Service Center IEEE Computer Society
Customer Service Center - 445 Hoes Lane Asia/Pacific Office
10662 Los Vaqueros Circle P.O. Box 1331 : Watanabe Bldg., 1-4-2
P.O. Box 3014 Piscataway, NJ 08855-1331 Minami-Aoyama
Los Alamitos, CA 90720-1314 Tel: + 1 732 981 06060 Minato-ku, Tokyo 107-0062
Tel: + 1 714 821 8380 . Fax: +1732981 9667 . JAPAN
Fax: + 1 714 821 4641 http://shop.ieee.org/store/ Tel: +81 33408 3118
http://computer.org/ customer-service@ieee.org Fax: + 81 3 3408 3553
csbooks @computer.org tokyo.ofc @computer.org

Editorial production by Danielle C. Young
Cover art production by Alex Torres

Printed in the United States of America by The Printing House

IEEE ®

COMPUTER
SOCIETY

¢


http://computer.orgl
mailto:csbooks@computer.org
http://shop.ieee.orghtord
mailto:customer-service@ieee.org
mailto:tokyo.ofc@computer.org

Table of Contents

Third International Conference on 3-D Digital Imaging and Modeling (3DIM 2001)

FOTPBWONKT. ........cooeiiiiiiiieii et ee st e e s s e e s s s e e e e e s e st s ssmenssatmnsemmemesrenannesenmenen X
CoNfErence COMMUIIEE ...........cooooiieeee e et e e e et e e e e e s e et s et ae e eeeeeansesanas Xi
Program COMMIIEE ............cooiiiiircicee et sttt se e ettt en et e e st s ene st ens e Xii

Invited Address

Digitizing, Manipulating and Understanding Three-Dimensional Events
Takeo Kanade, Carnegie Mellon University, USA

Session 1: 3D Sensors

A Self-Referenced Hand-Held Range SENSOC .........ouiviierriiniinnieeeiie st esceseeesine e st ete e snne e 5
P. Hébert

Calibration-Free Approach to 3D Reconstruction Using Light Stripe
Projections 0N @ CUDE FramMe ......c..ciiiimiiiiiieiieeceeie e eeeiesee e e aaeaaas s e ae et e aeaaaaaaaaaneneens 13

C. Chu, S. Hwang, and S. Jung

Approaches to a Color Scannerless Range Imaging System .........c.ccccovviviieeiiiinciiece e 20
L. Ray, L. Gabello, and K. Repich

Session 2: 3D Sensors

Compact and Portable 3D Camera for Space Applications.........c.cccoveercininiineiicrnniiesee s 31

E. Harvey, M. Arsenault, J.-F. Lavoie, B. Bélanger,
and M.-A. Boucher

In Process 3D-Sensing for Laser Material ProCeSSiNg ......ccccveveeeveiiinrirecrie e sre e eeses e 38
P. Klinger, B. Spellenberg, J. Hermann, and G. Hiusler

Extract and Display Moving Object in All Direction by Using Stereo
Omnidirectional SYSEM(SOS) ......uciiriiiiiiiierrit et sre e ee s esrereasreesseebeeesetessteeneesaessbeanas 42
D. Shimada, H. Tanahashi, K. Kato, and K. Yamamato



Session 3: 3D Sensors :

3D Modeling of Archaeological Vessels Using Shape from Silhouette ..., 51
S. Tosovic and R. Sablatnig

Stroboscopic Stereo Rangefinder.........cviviiiieii e 59
J.-C. Nebel, F. Rodriguez-Miguel, and W. Cockshott

Dual-Beam Structured-Light Scanning for 3-D Object Modeling.......ccccovieeiininnini, 65
J. Park, G. DeSouza, and A. Kak

Compact 3D Profilometer with Grazing Incidence Diffraction Optics ........cccccoveniiininiiiininninne. 73
T. Ditto

Session 4: 3D Sensors

Structure and Motion from Two Uncalibrated Views Using Points on
PLANES ... eiieeeeiicitiee e e ettt e e e st e st s et e e s st b et e s s R s e e s s e s e e se bbb e R e s e e e e a bt e s e e rare e e e raree s 83

A. Bartoli, P. Sturm, and R. Horaud

A Laser Range Scanner Designed for Minimum Calibration Complexity............cccoeiiiininenne. 91
J. Davis and X. Chen

Combining Off- and On-Line Calibration of a Digital Camera .........cccoceeiiiiininiinicceer 99
M. Urbanek, R. Horaud, and P. Sturm

A 3D Laser Micro-sensor Integrating Control and Data Processing in an

FPGA-Based CalCUIAON ... ..eeeeieieeeeieeieee ettt re e e e s e e eeaeeraaeneseessesemnsnnnnenenasserssons 107
N. Arana-Arejolaleiba, M. Briot, C. Ganibal, A. Nketsa, and R. Prajoux

Invited Address

Modeling from REAILY .......ccerrerieecrrr e s s 117
Katsushi Ikeuchi, The University of Tokyo

Session 5: View Planning and Registration

View Planning with a Registration Constraint..........cccccoinierininimnemiin e 127
W. Scott, G. Roth, and J.-F. Rivest

Computing Camera Positions from a Multi-camera Head ... 135
G. Roth



Session 6: View Planning and Registration

Efficient Variants of the [CP AlGOTithm...........cociiiieirieeeecc e e 145
S. Rusinkiewicz and M. Levoy

Automatic 3D Modeling Using Range Images Obtained from Unknown

VIBWPOINES .ttt cetteeestcre et rtee e sttt st e s e s e s b b e e s s e s b b e e R n S e bR e e s etn e e e rne s e saaa s e 153
D. Huber
A Nearest Neighbor Method for Efficient ICP ..ot e 161

M. Greenspan and G. Godin

Session 7: View Planning and Registration

Robust Recognition and Pose Determination of 3-D Objects Using Range
Images in Eigenspace APPrOACH ........cocciiiirierneeiit st sr e 171

D. Skocaj and A. Leonardis

A Method for the Registration of Attributed Range Images ..o 179
G. Godin, D. Laurendeau, and R. Bergevin

Reconstruction of Complex Environments by Robust Pre-aligned ICP........cccveivinnicninnne 187
V. Murino, L. Ronchetti, U. Castellani, and A. Fusiello

The Parallel Iterative Closest Point Algorithm .....c...cooveiiiiniiiiiiiiie e 195
C. Langis, M. Greenspan, and G. Godin

Session 8: Geometric Signal Processing

Real-Time Geometrical Tracking and Pose Estimation Using Laser
Triangulation and Photogrammetry ...........ccocviiiriniioiinicrene ettt 205

F. Blais, J.-A. Beraldin, S. El-Hakim, and L. Cournoyer

Affine Transformations of 3D Objects Represented with Neural Networks..........cccocveinininnnnne 213
E. Piperakis and |. Kumazawa

Reliable 3D Surface Acquisition, Registration and Validation Using

Statistical Error MOGEIS ..uveiuiiei ettt a s 224
J. Guehring
Reconstruction of Surfaces behind Occlusions in Range Images.........ccocevivniiiiiniinnnecnnnccnes 232

F. Stulp, F. Dell'Acqua, and R. Fisher

vii



Planar Patch Extraction with Noisy Depth Data .........c.ccooiiiiiiiiiii e 240
D. Cobzas and H. Zhang

Range Image Registration: A Software Platform and Empirical Evaluation.............cccocoeeninn 246
G. Dalley and P. Flynn

Generation of Geometric Model by Registration and Integration of Multiple

RANGE IMAGES ...cori ittt e e e 254
T. Masuda
Three-Dimensional Shape Modeling with Extended Hyperquadrics ... 262

M. Ohuchi and T. Saito

Refining Triangle Meshes by Non-linear SUbdivisSion............ccceoviniiiiniinieee 270
S. Karbacher, S. Seeger, and G. Hausler

Invited Address

How Much 3D-Information Can We Acquire?
Optical Range Sensors at the Physical Limit, and Where to Apply Them...........ccoconieinie 281

G. Héusler

Session 9: Geometric Signal Processing

Comparison of HK and SC Curvature Description Methods........coeuiiiiieeneinnncie 285
H. Cantzler and R. Fisher

Fast Range Image Segmentation by an Edge Detection Strategy.........ccovevvueeniiiieaniennennnnen 292
A. Sappa and M. Devy

Shape Recovery and Analysis of Large Screw Threads .........ccccoiiiiiiininiiiniieiiniin e 300
C. Robertson and R. Fisher

Session 10: Object Modeling

3D Reconstruction from Two Orthogonal Views Using Simulated
ANNEANING APPIOACH ......eiiieeeeeieree ettt s s et b e et b s e b e e r e 309

J. Ning, S. McClean, and K. Cranley

Processing Range Data for Reverse Engineering and Virtual Reality ..o 314
S. Karbacher, X. Laboureux, N. Schéon, and G. Héusler

viii



Session 11: Object Modeling

A Method of Style Discrimination of Oil Painting Based on 3D Range Data.............cccccveeuene..... 325
N. Masuda, K. Yamamoto, K. Kato, and H. Tanahashi

Estimation of Elastic Constants from 3D Range-FIow............cceceiieieirieieeceeee e 331
J. Lang and D. Pai

Tolerance Control with High Resolution 3D Measurements
F. Prieto, T. Redarce, P. Boulanger, and R. Lepage

Session 12: Environment Modeling

Reconstructing Urban 3D Model Using Vehicle-Borne Laser Range
SCANNEIS ..ottt e et e s e et e s s e e e s e e e e s see e sase s ebaesaneeenabaeeneenereesneeneas 349

H. Zhao and R. Shibasaki

AVENUE: Automated Site Modeling in Urban Environments..........cccccecveeeeiveiiierccieesiee e, 357
P. Allen, |. Stamos, A. Gueorguiev, E. Gold, and P. Blaer

Acquisition of Three-Dimensional Information in a Real Environment by
Using the Stereo Omni-directional System (SOS)........cccoiiiiiiiiirciiii e 365
H. Tanahashi, D. Shimada, K. Yamamoto, and Y. Niwa

Invited Address

3D Capture for Computer GraphiCs ..........cvercieeeiiiiereseeeeie et et eete et e e e e s sraeseaeeessae e s eessneans 375
H. Rushmeier

Session 13: Human Modeling

3D Modeling System of Human Face and Full 3D Facial Caricaturing ..........ccccecoveievivericincnne, 385

T. Fujiwara, H. Koshimizu, K. Fujimura, H. Kihara, Y. Noguchi,
and N. Ishikawa

3-D Landmark Detection and Identification in the CAESAR Project .........cccovvevvveeieeneceeervnnnnen. 393
D. Burnsides, M. Boehmer, and K. Robinette

A Physically-Based Model for Real-Time Facial Expression Animation..........cccceeeeeveeveereennnenn 399
Y. Zhang, E. Sung, and E. Prakash '

AUTNOE INAEX ..ot r e s s e e et et aeaa s e s s s e e s et s s esssbaaneeesessastaasaeeenes 407

ix



