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PREFACE

Experimental Robotics V - The Fifth International Symposium on Experimental
Robotics (ISER) was held at the Universitat Politecnica de Catalunya (UPC),
Barcelona, from June 15 to 18, 1997. This meeting was the latest in a series of
symposia designed to bring together researchers from institutions around the world
that are at the forefront of experimental robotics research. The main objective of
these symposia is to pool experience in the various fields of robotics, concentrating
not only on theoretical and technological questions, but also on their experimental
validation.

The experimental robotics symposia are held every two years rotating through North
America, Europe and Asia. The first Symposium of the series was organized by V.
Hayward and O. Khatib, in Montreal, Canada in June 1989. The second one,
organized by R. Chatila and G. Hirzinger was held in Toulouse, France, in June
1991. The third, organized by T. Yoshikawa and F. Miyazaki, was held in Kyoto,
Japan, in 1993, and the 1995 meeting was organized by O. Kathib and K. Salisbury,
and held in Stanford, USA.

The International Program Committee for the 1997 meeting comprised:

Anibal T.de Almeida University of Coimbra, Portugal

Alicia Casals Universitat Politécnica de Catalunya, Spain
Raja Chatila LAAS/CNRS France

John Craig Adept Technology, Inc., US.A

Paolo Dario Schuola Superiore Sta. Anna, Italy

Joris De Schutter Katholieke Untversiteit Leuven, Belgium
Vincent Hayward McGill University, Canada

Gerhard Hirzinger DLR, Germany

Oussama Kathib Stanford University, U.S.A

Jean-Pierre Merlet INRIA, France

Fumio Miyazaki Osaka University, Japan

Yoshihiko Nakamura Tokyo University, Japan

Kenneth Salisbury MIT, USA

James Trevelyan University of Western Australia

Tsuneo Yoshikawa Kyoto University, Japan

As occurred with the previous ISER meetings, the publication of the symposium
preprints has been followed by publication in this Lecture-Notes Series of the revised
papers and general conclusions of the sessions. This time, the compilation of the
experimental results in the video proceedings will provide a further source of
information about the advances in experimental robotics.

The symposium was attended by participants from thirteen countries who introduced
the studies selected by the International Program Committee (IPC). These
experimental studies covered the design, perception, control, planning and robotic
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applications in areas such as mobile robots, space, underwater, medicine and civil
engineering. The standard presentations in one-theme sessions were enriched by four
keynotes speeches, one of which opened the proceedings each day. The first one, by
Pradeep Koshla, was entitled: Emerging Paradigms and Technologies in Robotics;
the second, given by Gerd Hirzinger was: On the way towards a new Robot
Generation; the third, presented by Hirochika Inoue, was entitled: Evolution of
Experimental Robotics; and the last one, by Georges Giralt, was entitled: Novel
Perspectives and Challenges for Robotics in Europe. The quality of these
presentations stimulated numerous questions and comments from the participants.
The small number of participants and the quality of the experimental research
presented enabled the goal of the symposium to be attained: that is, to present the
most advanced research works in experimental robotics, in an atmosphere that was
conducive to discussion and the exchange of ideas.

Despite a certain feeling among the general public that robotics is antisocial, the
fields of application of this technological research and development area show that
robots can contribute greatly to a better quality of life. The new techniques emerging
in the surgical field make minimally invasive surgery possible in some delicate
interventions improving both surgical procedures and results. The advances in
rehabilitation robotics open up possibilities for the greater independence of disabled
people. Very risky tasks, or tasks which humans can not perform, can be solved by
robots or by robots cooperating with humans. Successes in space, underwater,
construction, medicine, hazardous manufacturing tasks, the nuclear industry and
mining applications show the realities which already exist. The success of this event
and the interest it aroused confirmed the appropiateness of its continuing in the
future. Therefore, the IPC decided to entrust the sixth edition of ISER to Peter
Coorke and Ray Jarvis, who will organize it for 1999 in Cairns, Australia.

On behalf of the International Program Committee we would like to thank the UPC,
for hosting the symposium and especially its Rector Jaume Pagés for his kind
welcoming address. We would also like to thank Antoni Gird, President of the
Catalan Research Agency for his warm reception in the wonderful setting of the
Palau de la Generalitat. We also wish to thank the CICYT (Spanish Research
Agency), CIRIT (Catalan Research Agency), SCT-IEC (Catalan Society of
Technology filial of the Institute for Catalan Studies) and the ETSECCP (School of
Civil Engineering of Barcelona) for their contributions to the Symposium.

Our special and warm thanks to the group of people of the Department of Automatic
Control and Computer Engineering of UPC who did a tremendous job of
organization and support before and during the symposium. Professor Josep Amat
provided many good ideas and experiences. Josep Fernandez, Jesiis Galceran,
Antoni Grau, Pere Marés, and Rita Planas gave their best in support of the
Symposium. The administrative support of Rosa Sdnchez was paramount to the
smooth running of the conference.

Alicia Casals and Anibal T. de Almeida
Barcelona, Catalonia (Spain), September 1997



CONTENTS

Author Index

Keynote

“Towards a new Robot Generation”, Hirzinger, G.; Arbter, K.;

Brunner, B. and Koeppe, R. ............ccovvvorevrerivereeiecteesretaresesaeseensssesenees

“Towards Evolution of Experimental Robotics”, Inoue, H. ........cccvcvvuerunenn.

1 Dexterous Manipulation

"Experimental Approach on Enveloping Grasp for Column Objects",

Kaneko, M.; Thaiprasert, N. and Tsuji, T. ....cccooveecerearerereeetrieareneereererennrens

"DLR’s Multisensory Articulated Hand", Hirzinger, G.; Butterfaf3, J.;

Knoch, S. and Litt, H. ...........uuueeieiereceeevieeeeeeeeeesseeesveesveessesessnesnsesenanees

"Mechanical Design and Control of a High-Bandwidth Shape Memory
Alloy Tactile Displays"”, Wellman, P.S.; Peine, W. J.; Favalora, G.

ANA HOWE, R.D. ..ot eetteeeteeve et sas e vsassesasessteseeaesasenee

“Toward Dexterous Gaits and Hands", Leveroni, S.; Shah, V. and

SAUSDUTY, K. oottt ettt et sassreme s s sanen

"Dexterous Manipulations of the Humanoid Robot Saika", Konno, A.;
Nishiwaki, K.; Furukawa, R.; Tada, M.; Nagashima, K.; Inaba, M.

ANA TNOUE, H. ..ottt et vte et e vse s tn s e sv e eta s et e s e e e snsaraees

2 Dynamics and Control

"Experiments of Spatial Impedance Control”, Caccavale, F.; Natale,

C.; Siciliano, B. and VillGni, L. ........coooovoeeeeeeeeeiineeerieereenieeceneresseessssssissennens

"Optimal Control Based Skill Development System for the Kip",

Nakawaki, D.; Joo, S. and Miyazaki, F. .........cevvcvrecnneceniicinerenerienenenns

“Toward Virtual Sports with High Speed Motion", Morizono, T. and

KQWAIMHEG, S. ....oooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeaveassasneesesrmeeeannsssesssnsessessasssenns

xvi

............ 3
......... 22

33

.......... 35

.......... 47

.......... 56

.......... 67

.......... 79

91

.......... 93

........ 105

........ 116



Xl

"A General Contact Model for Dynamically-Decoupled Force/Motion

Control”, Featherstone, R.; Sonck, S. and Khatib, O. .......uuueeeeeeevevvrevreeveenann.

"Control of a Rover-Mounted Manipulator”, Foulon, G.; Fourquet, J.-Y.

ANA RENAUA, M. ...t eeeeeeeeeeeresssiessstveesssesssesassssssreesssssssssessssesssesrsnes

3 Haptic Devices

“Module-Based Architecture of World Model for Haptic Virtual Reality",

Yoshikawa, T. Gnd Ued, H. ... eceeeeeereeesereeesvtereesvressnesevessvesssssssnseses

"Haptic Augmented Simulation Supporting Teaching Skill to Robots",

Bordegoni, M.; Cugini, U. and Rizzi, C. .....cocveeoeviciieinncesenrcnreecssvesirsissensones

"Interactive Visual and Force Rendering of Human-Knee Dynamics”,

Ellis, RE.; Zion, P. and TS0, C.Y. ... eeeeevreveereieeerieeeeeeineseeessassessnnenesnnsnes

4 Mobile Robot Navigation

"Long Distance Qutdoor Navigation of an Autonomous Mobile Robot by

Playback of Perceived Route Map", Maeyama, S.; Ohya, A. and Yuta, S. .......

"Etherbot - An Autonomous Mobile Robot on a Local Area Network

Radio Tether”, JArvis, R.. e iiieecceeeeeeeceisirreiereeiressereseseesessssnnesssesesssessnsnnns

" Automatic Mountain Detection and Pose Estimation for Teleoperation of

Lunar Rovers", Cozman, F. and Krotkov, E. ........couoemmimiieeieeeeieeeeieeceeriinens

"A Landmark-based Motion Planner for Rough Terrain Navigation”,

Hait A.; Siméon, T. and Taix, M. .......eeeeeeeereieciciicresecircercsseseesserasanaasanens

5 Heavy Robotic Systems

"Evaluation of Impedance and Teleoperation Control of a Hydraulic Mini-
Excavator”, Salcudean, S.E.; Tafazoli, S.; Hashtrudi-Zaad, K.; Lawrence,

P.D. GRA REBOULLE, €. coooeeeeeeeeeeseeeeeeeeeeeesesienvseveressassensesesessessnanssnsssiasanesanees

"Control of Load Sway in Enhanced Container Handling Cranes”,
Dissanayake, M.W.M.G.; Coates, JW.R.; Rye, D.C.; Durrant-Whyte,

H.F. QA LOUAQ, M. ......oooeeereeeeiiraeieieriecesesesvsessesieessssissssesserssssnnsienseneesassensrs

"The Design of Ultra-High Integrity Navigation Systems for Large
Autonomous Vehicles”, Durrant-Whyte, H.F.; Nebot, E.; Scheding, S.

Sukkarieh, S. GNA CLark, S. ......eooeeeoeeeieieieeeieerveetessee st sress s eeeeesesensas

..... 128

..... 140

153

155

167

173

183

185

195

207

216

227

..... 229

..... 241

..... 252



X

"Modeling and Control of a 3500 Tonne Mining Robot", Corke, P.1;

Winstanley, G.J. and Roberts J.M. .......covoeoveviiveinierienieceeeceeceeseseenee e 262
6 Non Holonomic Vehicles 275
" Autonomous Maneuvers of a Nonholonomic Vehicle", Paromtchik, LE.;

Garnier, Ph. and LaAugier, C. ..........ooeveeveeereeeeeeevesenieveeereseecnenseeesseeeseesacssenons 277
"How to implement dynamic paths", Khatib, M.; Jaouni, H.; Chatila, R.

and Laumond, J.-P. ........c.ccovceeoneeeeireeceeiiecer e 289
"From Paths to Trajectories for Multi-body Mobile Robots”, Lamiraux, F.

ANA Laumond, J.-P. ..cc..cccocooureeeeeeeeeeeereececeeatensesnsenes et seaaas 301
7 Legged Locomotion 311
"Preliminary Experiments with an Actively Tuned Passive Dynamic

Running Robot", Ahmadi, M. and Buehler, M. ......ccccovvvivivnrinninviiiiiiinnn 313
"ROBICEN: A Pneumatic Climbing Robot for Inspection of Pipes and

Tanks", Serna, M.A.; Avello, A.; Briones, L. and Bustamante, P. ........................ 325
"Control of an Eight Legged Pipe Crawling Robot", RoBmann, Th.

ANA PIEIffer, F. ..ottt ettt ettt 335
8 Sensor Data Fusion 347

"Autonomous Vehicle Interaction with In-door Environments”,
Henriksen, L.; Ravn, O. and Andersen, N.A. ..o eeeeeeieieieeiierisneeiieeeeeeeaenennes 349

"An Experimental System for Automated Paper Recycling”, Faibish, S.;
Bacakoglu, H. and Goldenberg, A.A. .........c..ooovvrvrmveeiiiiiiiineenet e 361

"Positioning of the Mobile Robot LiAS With Line Segments Extracted
from 2D Range Finder Data using Total Least Squares”, Vandorpe, J.;

Van Brussel, H.; De Schutter, J.; Xu, H. and Moreas, R. ..........cccccoovvvvnnnnirinnnne. 373
"Mobile Robot Localization Based on Efficient Processing of Sensor Data

and Set-theoretic State Estimation", Hanebeck, U.D. and Schmidt, G. ................. 385
9 Modeling and Design 397

"i.ARES Manipulation Subsystem", Ferndndez, S.; Mayora, K.; Basurko,
J.; Goémez-Elvira, J.; Garcia, R.; Gonzdlez, C. and Selaya, J. ......ccooeeeeieveinns 399



XV

"Modeling of Nonlinear Friction in Complex Mechanisms Using Spectral

Analysis”, Popovic, M.R. and Goldenberg, A.A. .....omoicvneecorevvnrsiesiisisiennns 410
"Development of the Carpal Robotic Wrist", Canfield, S.L. and

REINAOILT, C.F. eeeeeeeeeeeeeeeeveeectrecessrerssnvesesesveesssssesssensssasasssssassssnssesassasassssnansns 423
"First experiments with MIPS 1 (Mini In-Parallel Positioning System)",

METLEt, J.wP. co.eeeeeeeerrresrevreeseseteasas e sses e s e e sessnesssbesantamevanasssasassesaseneanseansane 435
10 Robots in Surgery 443

"FREEDOM-7: A High Fidelity Seven Axis Haptic Device with

Application to Surgical Training", Hayward, V.; Gregorio, P.; Astley, O.;

Greenish, S.; Doyon, M.; Lessard, L.; McDougall, J.; Sinclair; I;

Boelen, S.; Chen, X., Demers, J.-G.; Poulin, J.; Benguigui, I.; Almey, N.;

Makuc, B. and ZRang, X. ........eeecverevereeiiriiesiesvneeeeiessssiesssissessesesssssessasosssssssesesasane 445

"Tele-micro-surgery: analysis and tele-micro-blood-vessel suturing
experiment", Mitsuishi, M.; Watanabe, H.; Kubota, H.; lizuka, Y. and

HaSRizume, H. ....ocoorvieeeeeverereceeeieisstsiis i e cce s sesassesssesssacsasssmssnsssssstssessonsassons 457
"Active Forceps for Endoscopic Surgery", Nakamura, Y.; Onuma, K.;

Kawakami, H. and NaKamura, T. .......oceeveeeeveureeirecinerreeesieeineesineresssssseesssssesssanes 471
“Synergistic Robots in Surgery-Surgeons and Robots Working Co-

Operatively”, Davies, B. .........ccimiiiiciriniininiiissesesese s csnesresssesssnessessssans 481
"Control Experiments on two SMA based micro-actuators”,

Troisfontaine, N.; Bidaud, Ph. and Dario, P. .............cciumvmrerevevsevinnnsivsnesnne 490
11 Actuation Control 501

"Optimal Nonlinear Position Tracking Control of a Two-Link Flexible-
Joint Robot Manipulator”, Lahdhiri, T. and ElMaraghy, H.A. ...............coven... 503

"Motion Control of Tendon Driven Robotic Fingers Actuated with DC
Torque Motors: Analysis and Experiments”, Prisco, G.M.; Madonna, D.
and Bergamasco, M. ...ttt 515

"Experiments on a High Performance Hydraulic Manipulator Joint:
Modelling for Control", Bilodeau, G. and Papadopoulos, E. ................ccvvvrenn.. 532



12 Sensor-Based Control

"Adaptive Visual Servoing for Various Kinds of Robot Systems”,

Hosoda, K. and ASQda, M. .........eoeeeeeeeeeieeeeeeeeeeeeeeeeeeie e sine e e s

"Underwater Hidrojet Explorer Camera Controlled by Vision", Amat, J.;

Aranda, J. QRA VLI, R. ...oeeeeeeeeieeeeeeeeeeeeecieriereesiesiesestiistviessssssssiatasssassanessanans

"Experiments in Real-Time Vision-Based Point Stabilization of a
Nonholonomic Mobile Manipulator®, Tsakiris, D.P.; Kapellos, K.;

Samson, C.; Rives, P. and Borrelly, J.-J. ......vueevreecerneeneareerirareeeseeeeene

"Distributed Control of a Free-floating Underwater Manipulation

System", Kapellos, K.; Simon, D.; Granier, S. and Rigaud, V. ........c..c.c........

13 Cooperative Multirobots

"Towards a Reliable Set-Up for Bio-Inspired Collective Experiments with

Real Robots", Martinoli, A.; Franzi, E. and Matthey, O. .......ccccovvrirvvcuennenns

"Experiments in Realising Cooperation between Autonomous Mobile

Robots", Jung, D; Cheng, G. and Zelinsky, A. .......ccccovvvmvniiniiiiececne

"Self-reconfigurable Robots for Navigation and Manipulatioh", Kotay, K.

AIA RUS, D oottt ea et vene s e e e ase e e aeesseeeseseeasaatbnasaesnnns

"Human-Robot Interface System with Robot Group Control for Multiple
Mobile Robot Systems", Beltran-Escavy, J.; Arai, T.; Nakamura, A.;

Kakita, S. GRd O, J. ..oueeeeeeeoeieieeeeenries et eese e eeese sttt aaaaeaimanaeaaeaa e an

14 Learning & Skill Acquisition

“Exploration-Based Path-Learning by a Mobile Robot on an Unknown

World", Araiijo, R. and Almeida, A.T. ....ooovoereeeeeeeeneceeee e

"An Anthropomorphic Model of Sensory-Motor Co-ordination of

Manipulation for Robots", Laschi, C.; Taddeucci; D. and Dario, P. ..............

"Extracting Robotic Part-mating Programs from Operator Interaction with

a Simulated Environment”, Lloyd, J.E. and Pai, D.K. .......ccccoovviniinicnnnnn.

"Modeling and Learning Robot Manipulation Strategies”, Liu, J.;

Tang, Y.Y. and KRatib, O. ....c...ccocovevivuieeeeeeeeiereeiiececeeces et et

545

547

559

570

582

595

597

609

621

633

645

..... 647

..... 659

..... 675

..... 687



Keynotes

The evolution, trends and perspectives of experimental robotics are the main issues
of the keynotes. This analysis addresses topics such as real world understanding,
human robot cooperation, advanced teleoperation, haptic devices, biologically
inspired systems, intelligent systems with tight coupling between perception and
action, advanced sensors, sensor data fusion and registration, dexterity, and micro-
robotics among others. New concepts and paradigms lead to advanced
methodologies and procedures to develop more powerful and intelligent robotic
systems.

Hirzinger describes through the DLR's experiences in space robotics, some relevant
aspects of the current state of the art of: advanced sensor technologies, mechatronics
devices, advanced teleoperation control, interfaces with bilateral control, 3D imaging
and virtual environment. Associated with these technologies and methodologies
other aspects such as world modeling, skill transfer and learning and neural networks
are considered, in relation to the applications developed at DLR.

Inoue analyses experimental robotics evolution through the Japanese research
program on intelligent robotics. Biological inspired systems and humanoid robots
shows real new trends in robotics research comprising the above mentioned
technologies. The program focuses the research towards emerging paradigms of
machine intelligence through real world interaction, world and behavior
understanding and human-robot interaction and cooperation among other related
issues.





