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Session: TuAl-1

Tuesday, April 25" 08:20-10:00, Parlor 1

Assembly and Motion Planning
Chairs: Y. B. Jia, Yuan F. Zheng

Towards Random Sampling with Contact Constraints
X. Jiand J. Xiao
University of North Carolina, Charlotte

Randomlysampleconfiguration®f
polyhedrasatisfyingcontactconstraints

Directly samplein contactspaceby
exactly calculatingthe valuerange
for eachindependentariable

Implementatiomesultsarereported
for contactstatesonsistingof asingle
principalcontact(PC).

o The approachis efficient, andthe
resultscanbeappliedto contactmotion
planning

Programming by Demonstration - Constructing Task Level

Plans in a Hybrid Dynamic Framework
J. Chen and B. McCarragher
Australian National University

e Most existing Programmingyy Demonstration
approacheallow therobotto repeasuboptimal
actionsusedby the humandemonstrator

e \We constructan executionplan for the robot
from thebest'task-level' stratgiesusedby the
human

e Wedemonstratéhecommonhouseholdaskof
changingtheroll onapaperroll holder Using
theconstructeglantherobotperformedbetter
thanwhendirectly copying the demonstrator

e Theapproactallowstherobotto avoid suboptimal
actionghataretypically foundin humandemonstratio

Real-Time Motion Planning for Personal Robots Using Primitive

Motions
L. Xu' and Y. F. Zheng?
1Zhejiang University and 2The Ohio State University

e This paperis to develop a motion planningmechanisnfor
personarobotsto move in unstructurecervironments The
ideais to reducethe burdento the usersin planninglow
level motions As a result the personalrobot becomesa
corvenienttool to elderlyandill people

We useprmitive motionsasbasiccomponentsor planning
ther iccompc stion

!
humarhands T| inationof

th 1sof human
beings ificationto imiti is alsc
for thep 0 copewith

Experimentavereconductecbn a roboticarm. Theresults
shaw thatthe developedmechanisnis effective.

= Theprimitive motionschemés animportantcontritution to
the developmentof personarobots By usingthis scheme
the robot can generatecomplex trajectorieswithout being
thetime. This makestt personal

robotseasy

Determining Feasible Contact States of Pairs of Spatial
Polyhedra
Barry Goeree, Ernest Fasse and Michael Marefat
University of Arizona

Qualitatve contactmodelsareuseful
for assemblyplanning

Hypothesistestingmethodscan
beusedfor modelgeneration

An optimization-basetestingmethod
is presented

The methodhasbeenappliedto
non-corex polyhedralpairs

A Framework for Using the Workspace Medial Axis in PRM

Planners
C. Holleman and L. Kavraki
Rice University
PRMplannersftenfail due
to narrov passages

Sampleconfigurationdased
ontheworkspacenedialaxis

‘sample workspace
and medial axis

Weshaw positive resultsfor
two difficult scenarios

obstacle

PRM can be strengthened
by incorporatingvorkspace
geometry

Attractive Regions in the Environment
H. Qiao
City University of Hong Kong



Session: TuAl1-2

Tuesday, April 25" 08:20-10:00, Parlor 2

Landmarks and Environmental Modeling
Chairs: Peter Allen, Julio Rosenblatt

Mobile robot navigation using self-similar landmarks
Amy J. Briggs, Daniel Scharstein, Darius Braziunas, Cristian Dima
and Peter Wall
Middlebury College

Reliablevision-baseahavigation
usingartificial landmarks

Self-similarpatternsietectable
underwide rangeof views

Detectionat 36 framesper
secondvithoutspecialized
hardware

Firstpracticalreal-timenavigation
systerrusingvisuallandmarks

Design and implementation of Onbody Real Time Depth Map
Generation System
S. Kagami, K. Okada, M. Inaba and H. Inoue
The University of Tokyo

RealtimeDepthmagpGeneration
UsingonbodyPConly

Recursie Correlationand
OnlineConsisteng Checking

RealtimeCalculationon 128x1 24
with 32 Search_ength

Real-World Experimentaising
SeveralRobots

3-D Interpretation of Sewer Circular Structures
M. Kolesnik! and G. Baratoff?
Schloss Birlinghoven, Augustin Germany and 2University of Ulm,
Germany

Vision-basedlistancecomputation
is importantfor orientationof
anautonomousobot

Algorithm for distancecomputation
in thesawver utilizing onecalibrated
camerds presented

Two typesof sewvercircularstructures '
areextractedandinterpreted

3Dinterpretatiormethodgives
informationaboutthelocation
andorientationof thesewerinspecting
robot

24

Integration of Range and Image Sensing for Photorealistic 3D
Modeling
|. Stamos and P. Allen
Columbia University

Geometri@andphotometric
correct3-D modeling

Segmentatiorof rangedatg
fusionof rangew/ imagedata

Experimentsvith realbuilding

Completesystenfor 3-D model
acquisition

Landmark Selection for Terrain Matching
C. F. Olson
California Institute of Technology

Problem Landmarkselection
for accuratdocalization

Motivation Autonomousocalizatiol
for Marsrovers

Technique Estimateuncertainties
usingerrormodel

Result Improvementn both
correctnesandprecision

Object Recognition by Subscene Graph Matching
Wen-Jing Li and Tong Lee
The Chinese University of Hong Kong

Recognitiorof occludedarticulateq
objects

MatchingGraphf partitioned
scenedby HopfieldNetwork

e Matchedscissorsvith different
anglesof opening

Locatingobjectswith similar
local structures



Session: TuAl1-3

Tuesday, April 25t 08:20-10:00, Parlor 3

Flexible Robots
Chairs: Andrew Goldenberg, Gregory P. Starr

Adaptation of Generalized Time-Delay Command Shaper for
Flexible Manipulator Control
S. Rhim and W. J. Book
Georgia Institute of Technology

Time-delayCommandShaping
with UncertainSystenPParametere

DirectAdaptive Command
ShapingusingGeneralized
Time-delayCommandsShaper

ExperimentaResultsaareShavn

DirectAdaptve Command
Shapingeffectively Suppresses
Vibrationof Flexible Machines
with UncertainSystenParameters

Bandwidth Modulation of Rigid Subsystem for the Class of
Flexible Robots
J. Cheong, W. K. Chung and Y. Youm
Pohang University of Science & Technology (POSTECH)

Reshapinghe Bandwidthof Rigid
Sub-system

o Passvity-basedSPRfilter andDOB-base(
Qfilter Design

JointTrackingExperimentdor Various
BandwidthParameters

Rigid BandwidthMustBe FarBelow
theFundamentaMode

PDS Cooperative Control of Two One-Link Flexible Arms
F. Matsuno and A. Hayashi
Tokyo Institute of Technology

25

Stability of A Flexible Link with an Arbitrarily Oriented Tip
Rotor and a Conservative Tip Load
L. Li, G. R. Heppler and K. Huseyin
University of Waterloo

Vibration Controllability of Flexible Robot-Payload Systems
T. Zhou, J. W. Zu and A. A. Goldenberg
University of Toronto

_Flexible payload

Problem payloadvibrationdueto
its flexibility

Gripper with a few
_—grasping points

Cantheinterested/ibrationmodes
becontrollable

Dynamicmodelingandlocalcontrollability
theory

Locationsof graspingpoints play Manipulator

animportantrole

Robust Control Design for Flexible-Link/Flexible-Joint Robots
D. G. Wilson!, G. P. Starr!, G. G. Parker? and R. D. Robinett
'The University of New Mexico, 2Michigan Technological Univsersity
and ®Sandia National Labratories



Symposia: TuA1-4 (S)

Tuesday, April 25t 08:20-10:00, Ballroom 4

Robot Contr ol
Organizers & Chairs: Joris Deschutter, Tsuneo Yoshika wa

Overview of Robot Contr ol
J. DeSchutter
Katholieke Universiteit Leuven

Passivity - Based Contr ol
S. Arimoto
Ritsumeikan University
Robotdynamicsnaturallysatisfy passiity,
which follows directly from a variational

form. Thisleadsto designof effective robot
controllers

Dualtwo-DOFfingerswith soft-tipsgrasping
anobjectsatisfiepassvity too, formwhich
separatéeedbaclcontrolsignalsfor 1)stable
graspingand2) regulatingrotationalangle
of theobjectcanbefound

The overall control signalcanbe designed
by the principle of superpositionof such
feedbaclsignals

Thesetheoreticafindingsandsimulationresults
shaw thatmulti-fingerechandswith soft-tips
canbeusedin versatileeverydaytasks

Experimental identification of robot dynamics for contr ol
J. Swevers!, C. Ganseman!, X. Chenut? and J. C. Samin?

IKatholieke Universiteit Leuven and 2Univ. catholique de Louvain

Designof robotidentificationexperiments
for modelbasedobotcontrol

Selectiorof appropriatexperiment
designand optimization criterig,
sensorandmodel

Maximum likelihood estimation
periodicexcitation

Experimentatesultsillustratethe
appropriatechoices

26

Force Contr ol of Robot Manipulator s
T. Yoshikawa
Kyoto University

e Suney of Stateof the Art
of ForceControlwith 86 Reference

BasicApproacheso Force
Control

o New Formulationof Premises
for VariousApproaches

Brief Suney of RelatedResearch
Topics

Feedforwar d/Feedbac k Laws for the Contr ol of Flexible Robots
Alessandro De Luca
Universit degli Studi di Roma "La Sapienza”

e Model-basedeedforvardand
feedbaclsolutionusingmotor ‘
PD law |

¢ New algorithmfor rest-to-rest o \
slew in giventimefor aone-link = /
flexible arm . (/ i

A

e lterative algorithmfor end-efector
trajectoryexecutionof the S N B B N
two-link FLEXARM o

02

Design of Steering Mechanism and Contr ol of Nonholonomic
Trailer Systems
Y. Nakamura!, H. Ezaki', Y. Tan! and W. Chung?
LUniversity of Tokyo and 2Korea Institute of Science and Technology



Symposia: TuA1-5 (S)

Tuesday, April 25t 08:20-10:00, Ballroom 5

Dexterous Manipulation
Organizers & Chairs: Mark Cutkosky, Martin Buss

An Overview of Dextrous Manipulation
A. M. Okamura, N. Smaby and M. R. Cutkosky
Stanford University

Definitionof dexterousmanipulatior
object

coordinate
frame

Formulationof thedexterous
manipulatiorproblemusing
kinematics contacttypes
andforces

Graspplanning/qualitymeasures
andmid- andlow-level control

framaworks conlact
coordinate
frame

List of accomplishmentand
areador futurework

Applying principles of robotics to understand the
biomechanics, neuromuscular control and clinical
rehabilitation of human digits
F. J. Valero-Cuevas
Cornell University
Force and EMG recordings
The function and control of the
handarenotwell understood

Principlesof roboticsreveal the w
mechanic®f thehand

Computemodelshelpdesignsugical
procedures
Experimentsand modelsreveal

theneuralcontrol of dexterity Somputor motol 0 prodi forco
and muscle coordination

The Planning and Control of Robot Dextrous Manipultation

Li Han!, Zexiang Li2, Jeff Trinkle®, Zhigiang Qin? and Shilong Jiang?

Texas A&M University, 2Hong Kong University of Science and
Technology and *Sandia National Laboratory

ProblemStatementor Robot
DextrousManipulation

ForceandMotion Feasibility/Optimizatiol /,
Issues

ModularManipulationPlanning
andControl Stratgy

ExperimentaResults

A Discrete-Continuous Control Approach to Dextrous
Manipulation
Martin Buss and Thomas Schlegl
Technische Universitat Muenchen

Introduction& Motivation

Hybrid Modeling& Control
Architecture

RegraspingexperimentaResults

Conclusions FutureWork

Rolling Contacts and Dextrous Manipulation
A. Bicchi and A. Marigo
University of Pisa

Nonholonomyon purpose
manipulationby rolling

of admissiblecontacts

Proof of the long-standing

conjecturengenericcontrollability

of rolling

Conclusionsindopenproblems

Theoreticafoundations classificatiol

27
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Symposia: TuA1-6 (S) Tuesday, April 25t 08:20-10:00, Ballroom 6

Robot Learning
Organizers & Chairs: Chris Atkeson, Stefan Schaal

Real-Time Robot Learning With Locally Weighted Learning Inverse Kinematics for Humanoid Robots
S. Schaal!, C. G. Atkeson? and S. Vijayakumar® G. Tevatia and S. Schaal
'University of Southern California, 2Kwato Dynamic Brain Project University of Southern California
(ERATO/JST) and 3Riken Brain Research Institute
« How canwe achieve real-timelearningfor high-dimensional o ExistingExtendedacobian
robotsystem8 Methods([EJM)computationally  soowomo
too expensve 100000 T
e Spatiallylocalizednonparametriaeuralnetworksoffer apowerful o ) AT —
approacho robotlearningbasedn soundstatisticalprinciples * Mostefficientversionof EJM e F ;
eitherasmemory-basedr non-memory-basealgorithms with comparablperformance g " i [
developed . P
e Real-timdearningwasdemonstratetbr thetaskof devil-sticking, ) . . o]
. ) ) : . . e Comparedvith variousalgorithms o OgPaaxithe” = Lemma it
pole-balancingandinversedynamicdearningwith ananthropomorphic - . L —-- W
for computationatompleity 3] oo et nomatem - ke
7DOFrobotarm T 6 & F
. . e Realtime implementation "
. LocalIywelghtedearnl_ngoffersoneofthemostp()/verfulapproaches ona30DOFhumanoidobot Camputational complexdty of various algorithms
to real-timerobotlearning feasible
Q2: Memory-based active learning for optimizing Robots can teach people how to move their arm
noisycontinuous functions F. A. Mussa-Ivaldi and J. L. Patton
Andrew W. Moore! 2, Jeff G. Schneider! 2, Justin A. Boyan! and Northwestern University

Mary S. Lee?
!Carnegie Mellon University and 2Schenley Park Research Inc.

e Model linearcombinatiorof arm-&-controller
primitives

Calculatesa subject-specific

Thesubjecigripsaplanar 2-degree-of-freedon
robot

Implicitly learnsmotionsaftertheforce
field is removed

Towards Programming Tools for Robots That Integrate
Probabilistic Computation and Learning

S. Thrun

Carnegie Mellon University

e Making robotprogrammingeasier

e Integratinglearningandprobabilistic
computatiorinto C++

e Enormoussavings when developing
robotsoftware

e Learningcandrasticallyspeediprobot
programming

28



Session: TuAl1-7 Tuesday, April 25" 08:20-10:00, Parlor 7

Novel Transmission Methods
Chairs: Ron Fearing, L. Whitcomb

Development of Independentl y-Contr olled Position and
Orientation Manipulator for Minute Work
Hiroki Tokashikit, Kenji Kaneko? and Kazuo Tanie?
LUniversity of the Ryukus and 2Mechanical Engineering Laboratory

o Developmentof new type
manipulator

Independently-contiled position
andorienatatiormechanism

Mechanicabccurag of in-
terfernce< 50 micrometer

Largerworkspacendhigh
precision

Structural Design and Analysis of a New Semi-Direct Drive
Robot Arm: Theory and Experiment
J. Roy, R. Goldberg and L. L. Whitcomb
Johns Hopkins University

e Structuradesign analysisandexperimental
verificationof novel arm

¢ DesignoptimizedusingFEA for highnatural
frequencieshrougoutworkspace

e Extensve structuralvibrationexperiments
reported

e Experimentorroborate=EA predictions
througoutthearm’s workspace

Caster Drive Mechanisms for Holonomic and Omnidirectional
Mobile Platforms with no Over Constraint
M. Wada, A. Takagi and S. Mori
Fuji Electric Corporate R&D, Ltd.

Avoid anoverconstrainproblem
on the holonomicwheeled

‘Wheel
‘motor

Steering
sprockel

vehicle ~ belt . -
Rotation! - Steering o Developmenbf anoptimalcontrollaw for minimum
e Synchro-dne configuration o A enegy, togetherwith a numericalsimulationbased
with decoupledtastedrive . s onB-splines
wheels m'sf;"g -~ //>Xd]ide . .
_ — e Benchmarkingheenegy efficiengy of theCVT-based
e Kinematicandstaticanalysis sprocket e mobilerobotagainsthatof robotsemplgying areductior
_ _ Soing |l gearunit.
e All wheeldrive holonomic Wil H steering
vehiclewith simplekinematics | ™ " \Sm:::' ¢ Numericalresultsndicatethattheruntime of amobile
drivenby 3 motors e It robotusinga S-CVT canbeincreasedy upto 25

29

Wing Transmission for a Micromechanical Flying Insect

. S. Fearing, K. H. Chiang, M. H. Dickinson, D. L. Pick, M. Sitti and

J. Yan
University of California, Berkeley

design25mmwing spanbiomimeti
flying robot

insectaerodynamicspecify
wing strole androtation

thoraxstructuresandactuator
power requirements

stainlessteelwith piezoelectric
actuators

Anthr opomorphic Joint Mechanism with Two Degrees of
Freedom
H. R. Choi and S. M. Ryew
Sungkyunkwan University

Two dof metacarpgjoint for
robothandamimickinghumar
finger

DoubleActive Universaldoint

Freeof rolling, controllable
compliance

Applications robot hand
inpipeinspectionrobot

On the Energy Efficienc y of CVT-Based Mobile Robots
J. Kim', H. Yeom', E. C. Park', Y. I. Park and M. Kim?

ISeoul National University and 2Korean Institute of Science and

Technology

Increasingthe run time and efficiengy of a mobile
robotwith S-CVT.




Session: TuA1-8 Tuesday, April 25" 08:20-10:00, Parlor 8

Robotics in Manufacturing
Chairs: Steve Dubowsky, T. C. Steve Hsia

Application of a Model-free Algorithm for the Packing of Design and Evaluation of a Laser-Cutting Robot for Laminated,
Irregular Shaped Objects in Semiconductor Manufacture Solid Freeform Fabrication
V. A. Sujan and S. Dubowsky S. Choi and W. S. Newman
Massachusetts Institute of Technology Case Western Reserve University

Onlinepackingof highly irregular

shapedbbjects _— e Motivation fast/accurati@aser

cutting for solid freeform
fabrication

An onlineVirtual Trial and

Error algorithmdeveloped L =
e (M [

Costfunctionoptimization "
resultsin packingdensities
of 60

e Approach 4-dofdesigrwith
articulatedoptics

Step 1

e Results higherspeedaccurag,
easeof control

The model-freealgorithm
appliedto cruciblepacking

H‘H“ el

e Conclusionsnew desigrenable

Local
Step 4 Sursce Repres

in CZwaferproductionwith - fasterSEEmethod
success
Optimal Profile Generation in Distor ted Surface Finishing User Oriented Integration of Sensor Operations in a Offline
Z. Gong, X. Q. Chen and H. Huang programming System for Welding Robots
Gintic Institute of Manufacturing Technology Wenrui Dai and Markus Kampker

European Center for Mechatronics, Germany

e Theproblem Finddistorted
airfoil surface

Offline programmingsensor
operationgor weldingrobots

——— =]
aagec opbadapb I

=
- —

* Template-baseoptimalprofile e Icon-orienteduserinterface

fitting
. S e Macroprogrammingechnique,

e Directsearchminimization

algorithm e Low-cost(PC-baseflandhigh

erformance

e Application (videoshaw) P

A Robot-Assisted Finishing System with an Active Torque On the Use of Robotics for Melt-Blo wing to Form

Controller Shaped/Molded Fabric Structures
Y. T. Wang and J. Y. Jan Raoul Farer, Edward Grant, Tushar Ghosh, Abdelfattah Seyam and
Tamkang University Gordon Lee

North Carolina State University

Modifiedaroboticsystems
b | towork with afiberassembly Mol Bewing Mannequin .
andcontrolsystenfor melt-bloving ™™ oty (et

Flexible Supply

o Single-axisactivetorquecontrolle

Developedmodelsfor the
mannequirs geometryand

its interactionwith robotmelt-bloning
system

e Lineargrinding-forcemodel

o Softwaregrindingforceobserer

Developedcontrolalgorithms
for tool position/orientation 47 )
andmannequimmold position/orientatio MeltBlowing

Collector Drum Extruder Unit

e Grindingandpolishingworkpiece
with 3D curved-surces

Robotic Fiber Assembly & Control System (RFACS)

Implementeaontrolalgorithms
onanactualRobotSystem

30



Session: TuA1-9

Tuesday, April 25%" 08:20-10:00, Parlor 9

Surgical Robots
Chairs: Paolo Dario, F. Pierrot

Motion/Force/lmage Control of A Diagnostic Ultrasound Robot
W. H. Zhu, S. E. Salcudean, S. Bachmann and P. Abolmaesumi
University of British Columbia

e An Ergonomic Interface to
Sonographers

e 6-DOF Fully Counterbalanced
Robot Designed for Safety

e Velocity Controller Achieving
Position/Force/lmage Control

e Ultrasound Visua Servoing
Demonstrated

Realistic Force Feedback for Virtual Reality Based Diagnostic
Surgery Simulators
V. Vuskovic, M. Kauer and G. Szekely
Swiss Federal Institute of Technology

o Modelling of soft tissue deformation
iscentral for general surgery simulators

e Here, anonlinear viscoelastic model
for soft biological tissuesis used

e A novel devicefor in-vivo measurement
of material parametersis presented

o First experimentson dead animal tissues
with validations are given

Tele-mico-surgery system with intelligent user interface
M. Mitsuishil, S. Tomisaki!, T. Yoshidome!, H. Hashizume? and K.
Fujiwara?
tUniversity of Tokyo and 2Okayama University Medical School

o A tele-micro-surgery system
with anintelligent user interface?
was devel oped. 5

e Automatic 3D positioning
was realized using

e A micro-blood-vessel of a
rat of 0.3mm diameter was
successfully sutured.
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A Semi-Automatic Handheld Mechatronic Endoscope with
Collision-Avoidance Capabilities
S. D'Attanasio, O. Tonet, G. Megali, M. C. Carroza and P. Dario
Scuola Superiore Sant'/Anna

e Add collision-avoidance loop
in aservo-controlled endoscope’

e Spatial accuracy of 1.8mm
and refresh rate of 12Hz

e The sistem is suitable for
clinical trials

Biomechanical Modeling of the Small Intestine as Required for
the Design and Operation of a Robotic Endoscope
H. D. Hoeg!, A. B. Slatkin!, J. W. Burdick! and W. S. Grundfest?
LCalifornia Institute of Technology and ?Cedars Sinai Medical Center

Robotized Reconstructive Surgery: Ongoing study and First
Results
Francois Pierrot!, Etienne Dombre!, Luc Teot? and Eric
Degoulange®
ILIRMM, 2Lapeyronie Hospital and 3SINTERS

e God: Help in surgery for
severely burnt patients

e Background: Study of expert
surgeons behavior

e Mean: Forcecontrolled robot

e Result: Good skin graftsobtained
(on animal)




Session: TuA2-1

Tuesday, April 25%" 10:20-12:00, Parlor 1

Sensing Strategies and Control 1
Chairs: Ralph Hollis, Guillaume Morel

Optical Coordination Sensor for Precision Cooperating Robots

Wing-Choi Ma, Alfred A. Rizzi and Ralph L. Hollis
Carnegie Mellon University

; F 30
. . L ’5 } 5
e Sensofor precisemutualcalibration (=‘ 5 2g
of two robots S =
& a
e Optical sensoron one robot, g0

LEDsontheother

Resolution®f 150nm(1sigma
achieved

Allowsfastcalibrationfor executing ¢

cooperatie tasks 40 6 10 zo

30

motion {microns)

Self-learning Vision-guided Robots for Searching and Grasping

Objects
M. C. Nguyen and V. Graefe
Bundeswehr University Munich

iort C

require
characteristicsaind of the relevant partsof ervironments on the other
hand j iblein i i.e.,therobots
work spaceis merely limited to the available initial fields of view of
cameras not male useof avail i the
robotand thus reducests efficiency.

. P pp! Direct i
to motion control commands If the graspedobijectis invisible in an
image ionis initiated Tl inci i
theconversionof passie

T
vision-guidednanipulatodearningto controlits joints to graspa variety
nearly

of may
arbitraryorientationin therobots3-D space

« Conclusion The robot can learn the gain coeficients relating image
motionsto
oron
needof
useof its

either
therobot: the
canmale
jts efficiency.

Fiz. 1:
axperierTs

An Adaptive Sensory Perception Controller for Robotic
Systems
T. Celinski and B. McCarragher
The Australian National University

e Controlof Perceptionmproved
ThroughAdaptation

N

Tnformation
Iofommation J
Request

o PerceptiorModel Adaptation
BasednRadialBasisFunctions

e Applicableto Multi-Sensory
Systems

Mode) Adspration
Algorithn,

e Contrilution: Adaptive Perception
Controller

Ohjects used in

Generation of Observation Behavior in Distributed Robotic

System
T. Kaga and T. Fukuda
Nagoya University

A studyonthegeneratiorof obsenation
behaiors for object recognition

consideringrariouscomponentsf Observation behaviors
heterogeneoumbots

Constituent units @ 0 J@
A proposabf amethodof autonomous
positioningfor active sensingby @ @ I B@

aF
49

predicting sensoryinputs of the
next step @ ’fﬁ
Simulationresultssuggesthatrobots

arecapableof generatingbsenation

behaiorsin orderto decreassensing

errors

System Architecture for Synchronizing, Signal Level Fusing,

Simulating and Implementing Sensors
C. Robl and G. Farber
Technische Universitat Munchen

Systemarchitecturdor signal-level
sensoffusion

Sensomodelsand sensor
synchronization

Sensoradaptation Offset
correctionintegration differentiatior

Simulationandrealsample
application

Visually Guided coordination for Distributed Precision
Assembly

Michael L. Chen, Shinji Kume, Alfred A. Rizzi and Ralph L. Hollis

32

Carnegie Mellon University

ModularDistributedPrecision
Assembly

Visually-guidedAgentCoordinatiol

High-bandwidttDistributed
Control

ExperimentaEvaluation




Session: TuA2-2

Tuesday, April 25" 10:20-12:00, Parlor 2

Target Tracking
Chairs: Gregory Hager, A. Zelinsky

Pursuit-Evasion Using Beam Detection
B. Simov, G. Slutzki and S. M. LaValle
lowa State University

Uncalibrated Target Tracking with Obstacle Avoidance
J. A. Piepmeier! G. V. McMurray?, A. Pfeiffer® and H. Lipkin3

1U.S. Naval Academy, 2Georgia Tech Research Institute, and
3Georgia Institute of Technology

We presentinalgorithmfor
detectinganevaderin apolygonal
region

Thealgorithmprovidesascheduls
for singleor multiple pursuers
eachof themequippedvith
abeam

Moving targettrackingwhile
avoidinganobstaclén path

Usegquasi-N&ton method
andRLS Jacobiarestimation

Obstacleavoidancedemonstrate | iy
with 2-link robot b

Objective function usedto
effectdesirecbehaior.

a0 wn @ a0 w0 wa @ an
X

3D Motion Tracking of a Mobile Robot in a Natural Environment

P. Saeedi, P. Lawrence and D. Lowe
University of British Columbia

To estimatethe real-time 3D
ego-motionof thecamergrom
2Dimages

Motionis estimatedy tracking
reconstructe@D world features
overthetime.

An averagetranslationakrror
of 15

Thealgorithmdemonstratethat
thiscameramotiontrackingmethod
isfeasiblein unknavn ervironments
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Tracking Techniques for Visual Servoing Tasks
D. Kragic and H. Christensen
Royal Institute of Technology

Regiontrackingfor manipulatio
tasks

Graddientvs. correlation
basedapproach

Differentmotionmodely(T,
R, A) andcomparisomesults

Adaptive modelselectioras
afuturegoal

Visual Tracking with Subpixel Resolution Using an Analog VLSI

Computational Sensor
Z.Lu and B. E. Shi
Hong Kong University of Science and Technology

target

Activebinocularvisionsystenperforms
tamgettracking

Computationasensorgrovide visual
feedbaclat 250Hz

computational
sensor

Subpiel resolutionof target motion
via Gaborfilter phase

Estimationof 3D targetmotionvia triangulationsensor
output

Visual Hand Posture Tracking in a Gripper Guiding Application

Fabienne Lathuiliere and Jean-Yves Herve
Ecole Polytechnique de Montreal

Visual hand posturetracking
in agripperguidingapplication

Kinematichandmodelandpose
estimatiorusingavideocamera
andcoloredmarkers

pasition-based control g>

(our

robot gripper

<>wdeompm
Validationonsyntheticandreal ;
handsequenceandteleoperatec
grippingsimulation

experimental setup

Real-timehandposetracking
systemmproving graspcontrol



Session: TuA2-3 Tuesday, April 25t 10:20-12:00, Parlor 3

Redundant Manipulators
Chairs: Wankyun Chung, Anthony A Maciejewski

Motion Planning for Dynamic Eel Like Robots Controlling a Multijoint Robot for Autonomous Sewer
K. Mclsaac and J. Ostrowski Inspection
University of Pennsylvania K. U. Scholl, V. Kepplin, K. Berns and R. Dillmann

Forschungszentrum Infromatik Karlsruhe

e Motion planningusingfeedback
controlfor eelrobot

o veryflexible autonomousobo

* Weuseasampledeedback/feedforard

techniqueignoringgaitoscillation b SenSODaSEantlonplannmg

e Therobotis approximated
usingamodelof asteerable
(Dubing car.

e successfullypassedestsin
realsaver pipes

e resultdedtoimprovements
of mechanicaktructure

e Weachiere controlledstarting
steeringandstoppingn the

plane

Towards impulsive manipulation: a general algebraic collision Chaos Dynamics in the Trajectory Control of Redundant
model for spatial robots Manipulators
Ann Ramos Gravagne and lan D. Walker F. B. M. Duarte! and J. A. T. Machado?
Clemson University 'Escola Superior Tecnologia Viseu and 2Polytechnic Institute of
Porto

e Investigate3D impactbetween « Kinematicanddynamiccontrolusingthe

arobotandits ervironment Noomal generalizedhversecontrolandtheOpen 3

LoopManipulabilitycontrolareanalyzed

25
andits performancestudied

Friction
Cone

Modify Chatterjees algebraic

. . . « Thefractaldimensiorof thephase-plane 15
collisionlaw for robotics Lineof joint trajectoriesthestatisticaldistribution 1
. Sticking of the joint variablesandthe frequeng 05

e Apply collisionlaw to osprey responsef the closed-loopsystem o

landing& fishingsimulation

For the pseudoimersemethodwe have

Plane of/Maximum
Corfpression

The CLP schemeleadsto non-optimal 15
responsgdothfor themanipulabilityand

Enegeticallyconsistenimodel

of impuls'ue manipulation the repeatabilityperspecties while the R 0 1 2 3
is obtained OLM methodrevealedsuperioperformances
Normalized Impact Geometry and Performance Index for A New Redundancy-based Iterative Scheme for Avoiding Joint
Redundant Manipulators Limits Application to Visual Servoing
J. Kim, W. K. Chung and Y. Youm Francois Chaumette and Eric Marchand
Pohang University of Science & Technology (POSTECH) IRISA - Campus Universitaire de Beaulieu

e ImpactAnalysisandControl
for Redundanianipulators

Avoiding robotjoint limits
iscrucialin areactve context

" Nomalized Impact
Geometry

Classicamethodsieedatedious
gaintuning

e Descriptionof Impactusing
NormalizedmpactGeometry

Wepresentniterative approact
withoutary gaintuning

Themethods validatedon
avisualsenoinggazingtask E E'

o ImpactPerformancéndex ()
usingTaskVelocity Direction

@ Manipulator
- x

e Guidelineof impactcontrol
for unknawn ervironment
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Symposia: TuA2-4 (S)

Tuesday, April 25t 10:20-12:00, Ballroom 4

Mobile Robotics
Organizers & Chairs: Raja Chatila, Shin’ic hi Yuta

Overview of Mobile Robots
Raja Chatila
LAAS/CNRS

A Real-Time Algorithm for Mobile Robot Mapping With
Applications to Multi-Robot and 3D Mapping
S. Thrun!, W. Burgard? and D. Fox!
LCarnegie Mellon University and 2University of Freiburg

e Building 3D Maps online
with teamsof mobilerobots

e Fastprobabilistictechniques
for simultaneoutocalization
andmapping

e 3D mapsof building interiors
acquiredn real-time

e Opensupmary new opportunitie

Towards Dynamic Object Identification Using Stoc hastic
Lattice Models and Optimal Design of Experiments
A. Elfes, M. Bergerman and J. R. H. Carvalho
Center for Information Technology, Brazil

* Wearedevelopingroboticairshipsfor cost-efective
ervironmenta) biodiversityandagriculturalresearch
andmonitoring

« Autonomousdentificationof man-madestructures
pollutionsourcesfaunaandflora, croptypes disease-&écted
plantationareas andanimalherdsare someof the
typicalrecognitiontasksthatthe AURORA | robotic
airshipwill beusedfor.

» The paperdescribesa dynamicapproachto tamget
identificationthatusesstochastidatticemodelsand
optimaldesigrof experimentdor effective selection
recognitionandtrackingof relevanttamgets

¢ Resultsare shavn for identificationof man-made
structuresandanimalherds
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Mobile Robot Navigation in Indoor Environments using Object
and Character Recognition
M. Tomono and S. Yuta
University of Tsukuba

e Model-basedavigationin unknavn
indoorervironments

Objectandcharacterecognition
with positionestimation

Navigationto thedoordesignated
by roomnumber

e Themethodenablesiavigationwithout
anaccurateamap.

It's Time to Make Mobile Robots Programmab le
Y. J. Kanayama! and C. T. Wu?
IMotionLab Inc. and 2Naval Postgraduate School

Designandimplementpracticakhigh-level
programmabilityfor mobilerobots

A Java-basedViotion Description
LanguaggMDL) thatis built on

thesolidmathematicafoundation
is proposed

MDL isimplementecuccessfully
andrunningon a prototyperobot
Swan.

MDL istheFIRSThigh-level mobile
robotlanguageandagoodcandidate
for the STANDARD language

Sensor Network Perception for Mobile Robotics
A. Hoover! and B. D. Olsen?
!Clemson University and 2Aalborg University

e Third-persorsensing

e Gestaltcontrol
e Prototypedemonstration ’ \\\ ";
e Highspeedr precisegeometn k



Symposia: TuA2-5 (S)

Tuesday, April 25t 10:20-12:00, Ballroom 5

Grasping and Contact
Organizers & Chairs: Antonio Bicc hi, Vijay Kumar

Robotic Grasping and Contact: A Review
A. Bicchi! and V. Kumar?
lUniversity of Pisa and 2University of Pennsylvania
Fixturing, DexterousManipulationandEnveloping
ClosurePropertieof Grasps

ForceAnalysis

Kinematicsof ContactandContactCompliance

Stability Characterizations of Fixtured Rigid Bodies with
Coulomb Friction
J. S. Pang! and J. C. Trinkle?
1Johns Hopkins University and 2Sandia National Labs

Is an object fixtured without
form closurestable

All Loads
Wealdy Suble Loads >
WS(p)

Pastanalysesreoverly conserative.

Candeterminestability with friction
accuratelyusingcomplementarity
theory.

Jiricriontess Stable Lo,
s

Canconstructthe exact setof
stabldoadsusingcomplementary
cones

Contr ollability of Single Input Rolling Manipulation
P. Choudhury and K. Lynch
Northwestern University

e Controllabilityof underactuateslystemswith rolling contacts

Geometriomechanica&ndnonlinearcontrol

Single input systemconsistingof a ball rolling inside an
ellipsoidis globally controllable

Controllability canbe achieved for underactuategdystems
with assymetriesn motionandcurvature

Contr ol Algorithm for Grasping and Manipulation by
Multifing ered Robot Hands Using Virtual Truss Model
Representation of Internal Force
T. Yoshikawa
Kyoto University

SystenmDescriptiorandConstraint
Conditions

InternalForceRepresentatioBased
onVirtual TrussModel

ControlAlgorithm for Fixedand/or
Rolling Contacts

Extensiorto Caseof Sliding Contacts

Grasping Curved Objects through Rolling

lowa State University

Introduction

e Finger Localization Using

Total Cunature

Rolling

SimulationResults

GraspAchievementundel

@) Touch (b) Roll



Symposia: TuA2-6 (S)

Tuesday, April 25" 10:20-12:00, Ballroom 6

Flexib le Automation
Organizers & Chairs: Peter Luh, Dan Whitne y

Research Issues in Manufacturing Flexibility - An Invited
Review Paper for ICRA 2000 Symposium on Flexibility
D. E. Whitney
Massachusetts Institute of Technology

Thispapermeviewsflexibility
issuesn manufcturing

Underbody
Platform

Flexibility occursin design
manufcturing distribution,
andgenerabusinesgpractices

Typicalapproachesclude
CADI/CAE, platformproduct
designanddelayeccommittment

Flexibility is notalwaysgood
andbusiness-technitérades
mustbeconsidered

A Life Cycle Engineering Approach to FMS Development
P. Yan, M. Zhou and R. Caudill
New Jersey Institute of Technology

e Providealife cycleengineering
approachio FMSdevelopment

e A timedIPPDmethodology

Refurbish

o A casestudyconsidering=-MS
machineselectioranddecisions
alongits life;

Machine Material

Selection

Use Disassembly

Recovery

¢ A new wayto developcost-efective,
high-qualityandenvironmentally
consciousMS.

Scheduling and Coordination in Manufacturing Enterprise
Automation
H. Chen and P. B. Luh
University of Connecticut

ol

Supp liers

e Thelmportanceof Coordination
for ManufacturingEnterprises

e Overview of ExistingApproaches

e Challenginglssues Customers

Manufacturer

e Price-BaseoordinationArchitecture
andMethodology r

Retailers

Object-Oriented Graphical Specification and Seamless Design
Procedure for Manufacturing Cell Control Software
Development
Satoshi Kanai!, Takeshi Kishinami! and Toyoaki Tomura?
'Hokkaido University and 2Asahikawa National College of
Technology

Rapidprototypingmethodologyof
cell controlsoftware

o

Diagrambasedorogrammingand
cleardesignmethod refinement
translationandtransformation

Computeraided prototypingand
code-generatingpol

E— |
Validationof proposednethodologj_ 4 st 2

throughco-simulation

Supply Chain Engineering and Automation
N. Viswanadham
The National University of Singapore

o A themepaperthatdescribeshearchitecturef anintegrated
supplyChainNetwork (ISN) usingcollaboratve andcommunication

technologies

e Thecentralproblemin ISNsis: When Where Whatproduct
andHow muchto manugctureandstoreandfor whom

o Weidentify thedecisionandperformancenodellingproblems

in ISNs

e We ldentify possiblefutureresearclissuesn SupplyChain

Engineering
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Session: TuA2-7

Tuesday, April 25" 10:20-12:00, Parlor 7

Reconfigurab le Robots
Chairs: Aydan Erkmen, Pradeep Khosla

A physical implementation of the self-reconfiguring crystalline
robot
Daniela Rus and Marsette Vona
Dartmouth College

e CrystallineRobotConceptnd
Advantages

e Detailsof RobotHardwareDesig
e 10Units Built

e ExperimentalProceduresand
Results

Mechatronic Design of a Modular Self-Reconfigurab le Robotic
System
Cem Unsal and Pradeep Khosla
Carnegie Mellon University

e 3-D Self-reconfiguration

e Designandimplementation
of the Bipartite System

e Experimentsvith Prototype

e DiscussiorandConcluding
Remarks

Formation Control of Autonomous Agents in 3D Workspace
W. Kang!, N. Xi? and A. Sarks?®
INaval Postgraduate School, 2Michigan State University and
3Wright-Patterson AFB

e A generamethodof formationcontrol
of multi-vehicles

e Multiple vehiclecoordinationand
formationreconfiguration

e Designalgorithmandmobilerobot
simulation

e Stability of theformationcontrollers

38

Emergent Structures in Modular Self-reconfigurab le Robots

Hristo Bojinov, Arancha Casal and Tad Hogg
Xerox Corporation

Biologically-inspiredapproach
to self-reconfiguratiofor modular
metamorphicobots

Useof localsimplerulesresult
inthe

Designandevaluationof control
algorithmsthroughsimulation

Resultingstructuresareof pseudo-randor
shapeut possesiesiredunctionality.
Approachdoesnot require a

priori exacttagetshapelescription
whichis of advantagen uncertain
environments

Self Localization of a Holon in the Reconfiguration Task Space

of a Robotic Colony
M. Durna, I. Erkmen and A. M. Erkmen
Middle East Technical University

Self-Localizationof anintelligent
roboticagentin aroboticcolory.

Distributedcomputatiorof aCoalition
Law is proposed

Themethodis simulated

Localizationis attainedoy eachagent
whichthanbeusedfor Reconfiguratiol
of thewholesystem

Towards Contin uousl y Reconfigurab le Self-Designing Robotics

H. Lipson and J. B. Pollack
Brandeis University

From SimsTo Reality:

Electro-Mechanicaystems
evolvein simulationfor the
taskof locomotion

Successfulnachinesrereplicated
intoreality usingrapidprototyping
equipment

Robotsperformandthenmelt
for reuse



Session: TuA2-9

Tuesday, April 25" 10:20-12:00, Parlor 9

Underwater Robotics
Chairs: Sang-Rok Oh, D. Yoerger

In-situ Attitude Calibration for High Resolution Bathymetric
Surveys with Underwater Robotic Vehicles
H. Singh!, O. Pizarro!, L. L. Whitcomb? and D. Yoerger!
'Woods Hole Oceanographic Institution and 2Johns Hopkins
University

High ResolutiorMappingfrom undervatervehicless limited
by attitudinalcalibrationoffsets

Anin-situmethodologys proposedasedn specificvehicles
maneuers

The JasonROV wasusedto collect dataat archaeological
sitesof interestin the Mediterranearsea

Ourtechniquemprovesuponthestateof theartby anorder
of magnitude

An Inertial Navigation System for Small Autonomous
Underwater Vehicles
X. Yun, E. R. Bachmann and S. Arslan
Naval Postgraduate School

Low-cost small-sizenavigation
systemfor AUV

IntegratedNS/GPSwith asynchrono
Kalmanfilter

Landvehicletestvalidated
the approachandachieed
15maccuray

Post-processingt-sealata
confirmeathefeasibility of
thesystem

Autonomous Underwater Simultaneous Localisation and Map
Building
Stefan B. Williams, Paul Newman, Gamini Dissanayake and Hugh
Durrant-Whyte
ACFR, University of Sydney

e The ACFR’s Autonomous
UndervaterVehicle- Oberon

UndervaterSimultaneous.ocalisatio
andMap Building

Distributed AUV software
controlarchitecture

Conclusionsindfuturework
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Disturbance Observer-Based Robust Contr ol for Underwater
Robotic Systems with Passive Joints
G. B. Chung!, K. S. Eom!, B. J. Yil, I. H. Suh! and S. R. Oh?
'Hanyang University and 2KIST, Korea

- e -
e MotivationandProblemStatementDifficulty 1—“ Base
in controlduemary hydrodynamidorces X e T2 passive
passie modeof undervatervehicle Tink |
T(ﬂ' P ’Z/TB
e TechniquesindProposed\pproach Nonholonomic I‘HI?/TA
motioncontrol disturbancebsererbased z—Dq” 4. 71 ik
robustcontrol N
. ) ) T
e SimulationResults Rolustmotioncontrol l @ ;
A 7SN SN
underpassve joint 2 il P(s)
e Conclusions Disturbanceobserer is #1(s)

good for robust control of undervater
robot

Fine Scale Seafloor Survey in Rugged Deep-Ocean Terrain with
an Autonomous robot
D. Yoerger!, A. Bradley!, B. Walden*, M. Cormier? and W. Ryan?
'Woods Hole Oceanographic Institution and 2Lamont-Doherty Earth
Observatory

e Fully autonomousleepsea
geologicalsuney

e Suney in ruggedterrainat
2600metersdepth

e Corgisteredsonarbathymetry
videostills, andmagnetics

e Automatechavigation, track
following, andbottomfollowing

Guidance of unmanned underwater vehicles: experimental
results
M. Caccia, G. Bruzzone and G. Veruggio
Consiglio Nazionale delle Ricerche

Freespaceandervironment-related
guidanceof UUVs

Lyapuna-basedaskfunctions
handlingsystemkinematics

Acoustic-basedstimatorof the
operationakariables

Free-spaceaneueringandwall-following
pooltrials




Session: TuP1-1

Tuesday, April 25" 14:20-16:00, Parlor 1

Nonholonomic Motion Planning
Chairs: Kostas Kyriakopoulos, Yoshi Nakamura

Design of a Desirable Trajectory and Convergent Control for
3-D.O.F. Manipulator with a Nonholonomic Constraint
T. Yoshikawa!, K. Kobayashi? and T. Watanabe!
!Kyoto University and 2Osaka University

« This i iith controlof a3link
manipulator We have alreadyproposeda control law that
its stateto a
jectoryandto ary point,
of th il y but this limitation
onthelocationof theinitial state

« In this paper we proposea designmethodof a desirable
trajectorythatstartsfrom ary giveninitial point, corverges
toary il
ary
freely.

« We did simulationto verify the validity of our approach

We shav the convergenceof the stateof the systemto the
totheorigin
evenwhenthereexists aninitial error. We alsoshav that 3 link planar manipulator The behavior of link 3

requirementsuchasavoiding obstacles

« Inthispaper p

jectory q
the previous method We have
in orderto shaw thevalidity of this method

Stabilization of the general two-trailer system
M. Vendittelli and G. Oriolo
Universit di Roma "La Sapienza”

cartesian motion of the first trailer

Multi-Level Stabilizing Control of an Nonholonomic Vehicle and
Its Discreate-Time Multirate Implementation
L. Palopoli, F. Conticelli and B. Allotta
Scuola Superiore Sant’ Anna

Theaddressegroblemis controllingtherelative
positionbetweeramoving targetandanautonomous
nonholonomieehicle Thepurposédstoanalyse

the performancdoss whena continuoustime
controllaw is approximatedy amultiratedigital
controller

X%

Thecontinuoudime controllaw is synthesized
usingthe backsteppingpproach The control
law structurenaturallyleadsto amultilevel and
multiratedigital approximation

Thecontrollerperformancés assessekly using
aquadratidndex, assigninglifferentfrequencies
to eachsubcontroller

The resultsshav thatthe outerfrequeng has
agreaterinfluenceon the systemperformance
thantheinnerone

Near-Optimal Motion Planning for Nonholonomic Systems
Using Time-Axis Transformation and Gradient Method
Makoto lwamura, Motoji Yamamoto and Akira Mohri
Kyushu University

« In this study, an optimal motion planningscheme x(t)
usingtime-axistransformatiorandgradientmethod
is proposedor nonholonomisystemsThemotion
planningof nonholonomicsystemss formulatedas
anonlinearoptimal control problem target point
t=0 )
. t=tf
Xf

Theoptimalcontrolproblemis toodifficult to solve

dueto peculiardifficulty in thecontrolof thenonholonomic
systems To alleviate the difficulty, we corvert the
optimalcontrolproblemto abidirectional fixed-domain
optimalcontrolproblemby usingquasi-timevariable

(a) original optimal control problem

target manifold

A numericaklgorithmwhichis basednthegradient
methods developedfor theoptimalcontrolproblem
andits convergencepropertywith respectto final
stateerroris proved

The optimal motion planningschemeis apllied to s=0
a 2-link planarfree-jointmanipulator Simulation
resultsshaw theeffectivenes®f theproposeaptimal
motionplanningscheme

§s=0
Xi Xf

(b) bidirectional optimal control problem

Two Hybrid Control Schemes for Nonholonomic Robots
B. Young, J. Lawton and R. Beard
Brigham Young University

= The objective of the paperis to develop hybrid control
i i i ilerobot
towithin a of dangle
wherethe ball is not greaterthan the varianceof the
sensonoise

* Using the geometryof the problem the maneuers are
broken into two components One maneuer changes
drives(or shoot3

robotorientationandtheot
ther By
control laws are obtainedwhich practically regulate a
robot The control laws usea dynamic mode| which
includesstaticfriction.

« Two hybri A i to

proofsfor bothcor
choosingthe controlgainsaregiven

= Hard

In addition
thegainsfor thecor i ith guidelines
presentedh theproofs

Small Radius Attainability Spheres for Driftless Non-holonomic
Systems
Ignacy Duleba
Wroclaw University of Technology

Designnonholonomispheres
for driftlessnonholonomicsystems
centeredattheorigin of thePh.

Hall frame b.ia
e Directionsof motion(weighted 8-12
Ph.Hall basiselementsproduced 8.1
with controlsapplyingthegeneralized 2-28
C-B-H-D formula 8.86
B8.p4
e Simulationsfor unigycle-type 8.62
robots

8.2 6.4 8.6 8.8 1

The analyticand constructie
solution applicableto motion
planning



Session: TuP1-2

Tuesday, April 25" 14:20-16:00, Parlor 2

Applications of Sensing
Chairs: Fraichard Thierry, Katsushi lkeuchi

Vision-Guided Autonomous Stair Climbing
Yalin Xiong and Larry Matthies
Jet Propulsion Laboratory

AutonomoudNavigationin UrbanEnvironment

VisualRecognitiorandSerwing

Climbing Multi-flight StairsAutnomously

Rolustin VariousLighting Conditions

Development of image stabilization system for a remote
operation of walking robots
R. Kurazume and S. Hirose
Tokyo Institute of Technology

o Needfor animagestabilizationsystemfor a remoteoperation
of walking robots

e Combinatiorof templatematchingwith high speeccameraand
gyrosensorsisingMMX instructionset

o Imagestabilizationexperimentsandbodyattitudecontrolusing
3-axisattitudeestimationfrom images

e Fastandlow costimagestabilizationsystemis developed and
theperformancef attitudecontrolusingimagess almostsame
asthecaseusinganattitudesensor

Robot-mounted through-wall radar for detecting, locating, and
identifying building occupants
David G. Falconer, Robert W. Ficklin and Kurt G. Konolige
SRI International

e Detectandlocatepeoplemoving
behindbuilding walls

e Mountpulse-Doppleradaronrobot
platform developsignalprcessing
software

e Buildinginhabitantsietectecaind
their actiities classified

e Higherpower, lowerfrequeng radars
neededor outdooroperations

Robust Localization for 3D Object Recognition Using Local EGI
and 3D Template Matching with M-Estimators
Kentaro Kawamura!, Kiminori Hasegawa?, Osamu Yamashita!,
Yoichi Sato? and Katsushi Ikeuchi?
'Kyushu Electric Power Co., Inc. and 2The University of Tokyo

Developasystemwhichautomatically
alignsarobotwith respect
to anobject

Estimateobjectposevia segmentation-base
method

Evaluateposeusing3D template
matchingalgorithm

Ourresultingsystemachieres
awide degreeof convergence
for objectlocalization

A Comparison of Four Fast Vision Based Object Recognition
Methods
Markus Ehrenmann, Despina Ambela, Peter Steinhaus and
Ruediger Dillmann
Universitat of Karlsruhe
e Programindpy Demonstration

requiregobustandfastobject
recognition

¢ Outlineof fourmethodgPattern
Mat.,PCA, GraphMat. and
GHT)

¢ AnalysisandComparison

e Drawbacks/adantagesan
beusedo copewith specific
requirements

Observing the Load Dynamic of an Overhead Crane with
Minimal Sensor Equipment
Claudio Altafini*, Ruggero Frezza? and Johann Galic?
'Royal Institute of Technology, 2Universita di Padova and *ADtranz

e Sensorlesgeconstructiomf
theload dynamics

e Estimationof theloadtorque
onthetraslationaldrive

e Applicationasback-upsysten

e Swingangleis obserable



Session: TuP1-3

Tuesday, April 25*" 14:20-16:00, Parlor 3

Neural Network Systems
Chairs: Marcelo H. Jr. Ang, Sukhan Lee

Neural Network Controller for Constrained Robot Manipulator s
Shenghai Hu, Marcelo Ang Jr. and Hariharan Krishnan
The National University of Singapore

e ForceandMotion Control
usingnonlineartransformatrion
in taskspaceo achieve decouplec
dynamics

o New trainingsignalfor neural
network compensatioof errors
leadingto new learninglaws

o Real-timeémplementatioron
experimentakobotin lab

e Improvedmotiontracking

Fast and Efficient Incremental Learning for High-dimensional
Movement Systems
S. Vijayakumar and S. Schaal
University of Southern California

e Locallinearregressiorspannedby few univariateregressions
¢ Adjustslocal kernelmetricsbasedn localinformation
e Computationatompleity linearin numberof inputs

¢ Handlesedundan®& highdimensionabataefficiently

Stabilizing and Robustifying the Error Backpropagation Method
in Neurocontr ol Applications
M. O. Efe and O. Kaynak
Bogazici University

e StabilizationandRokustification
¢ VariableStructureSystems

e Neurocontrol

e Robotics

42

Tuning of Neural Oscillator s for the Design of Rhythmic
Motions
A. M. Arsenio
Massachusetts Institute of Technology

e Noautomatigparametetuning
methodsvailableto date

e Internaldynamicsanalysis
- DescribingFunctions Symmetry

e Resultdor oscillatorconnected
to (non) linearsystems

e Automatictuningusingalgebrai
equations

Vision-based Motion Planning For A Robot Arm Using
Topology Representing Networks
Y. Fu!, R. Sharma! and M. Zeller?
!Pennsylvania State University and 2H&F Aeronautical Tech., Inc.

Radial Basis Artificial Neural Networks for Screw Insertions
Classification
B. Lara, L. D. Seneviratne and K. Althoefer
King’s College London

Monitoringof screv insertions
is vitally importantfor the
automatiorof this process

RadialBasisFunctionNeural
Networksareusedo distinguish
successfuiromfailedinsertions

e After modesttraining the
network correctlyclassifies
insertions

A successfustratgy for monitoring
screv fasteningss presented



Symposia: TuP1-4 (S)

Tuesday, April 25" 14:20-16:00, Ballroom 4

Locomotion
Organizers & Chairs: Hirofumi Miura, Shigeo Hirose

Research on Locomotion
Hirofumi Miura
Kogakuin University

ud om

e Researchesn 2,4,6,8LeggedRobotswill PR
bediscussed e T A

e Thereare Many DifferentMotivationsfor \' e

Developmenbf LeggedRobot :.Z;f‘jﬂ@/f:i
e Main Subjecwill beResearchenTheBiped Latremn o

e VideoTapeof Examplesf LeggedRobots I:‘; —% ot
will beshavn in TheTalk. a5 a-

A Minimally Actuated Hopping Rover for Exploration of
Celestial Bodies
E. Hale, N. Schara, J. W. Burdick and P. Fiorini
California Institute of Technology

Adaptive Dynamic Walking of the Quadruped on Irregular
Terrain - Autonomous Adaptation Using Neural System Model
Hiroshi Kimura and Yasuhiro Fukuoka
University of Electro-Communications, Japan

e AutonomoudAdaptatiorto
Irregular Terrain

o NeuralSystemModel

o CPG(CentraPatternGeneratg
andReflexesvia CPG

o Realizatiorby VerySimple
Method
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Study on Quadruped Walking Robot in Tokyo Institut of
Technology- Past, Present and Future
Shigeo Hirose and Keisuke Kato
Tokyo Institute of Technology

Experiments in Carangiform Robotic Fish Locomotion
R. Mason and J. W. Burdick
California Institute of Technology

A
W

e Fishlike swimmingrobot o
motors * ails

e Three-link

’7&\\\\3

b

¥ peduocle

e Fishswimsin realisticfluid-mechanice
regime

~a,

tailfin

o Mosteffective swimminggaits
found

Stable Running in a Quadruped Robot with Compliant Legs
D. Papadopoulos and M. Buehler
McGill University

« Mechanicallysimple autonomous
mobilerobotwith only four
motorsandfour compliant
legs

Dynamicallystable robust
locomotionwith new (task
level) openandclosedoop
controllers

Body pitchandroll stability
without active control

Experimentalboundingat
1.2m/s



Symposia: TuP1-5 (S)

Tuesday, April 25t 14:20-16:00, Ballroom 5

Cooperative Robots
Organizers & Chairs: Kazuhiro Kosuge, Daniela Rus

Distributed Manipulation of Multiple Objects using Ropes
B. R. Donald, L. Gariepy and D. Rus
Dartmouth College

e Algorithmsfor manipulating
multiple (unknavn) objects
usingropes

o Detailsof binding ratcheting gt
andflossingalgorithms

o Analysisof bindingalgorithm

e Experimentaproceduresvith
threerobotsandresults

Knowledge Sharing and Cooperation of Autonomous Robots
by Intelligent Data Carrier System
D. Kurabayashi and H. Asama
The Institute of Physical and Chemical Research (RIKEN)

o Effective executionof tasks
by autonomousobotswithout
map.

e Analgorithmtoacquireand
shareknowledgeautonomously

o \erificationby simulations
andexperiments

Collaborative Multi-Robot Exploration
W. Burgard!, M. Moors?, D. Fox?, R. Simmons? and S. Thrun?
tUniversitt Freiburg, 2University of Bonn and *Carnegie Mellon
University

Teamsof mobile robotsneedto
becoordinatedvhen&erthey explore
or mapunknavn ervironments

Average Exploration Time
100 T

o Ourapproactcoordinatiesherobots T gl “”ggg{f};ﬂ:{:ﬁ ——
by tradingoff the utility of target =
locationsandthe costsof moving § 60 -
(o3
there S 4l . .
° % :
e Theapproacthasbeenmplemented E 20 : *
= H
andevaluatedon real robotsand
in simulationruns 0 1 > 3

Number of robots

Thecoordinatioryieldsasignificant
speed-ugomparedo previousapproaches
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Distributed Robot Helpers Handling a Single Object in
Cooperation with a Human
Y. Hirata and K. Kosuge
Tohoku University

e Human-Robot€ooperation

o DistributedMobile RobotHelpers

e Mobile Robotis Controlledas
if it hasaCastetlike Mechanism

e HumanTransporaRefrigerator
in Cooperationwith Multiple
Robots

The Augmented Object Model: Cooperative Manipulation and
Parallel Mechanism Dynamics
Kyong-Sok Chang, Robert Holmberg and Oussama Khatib
Stanford University

e BranchingMechanisms

e OperationaBpaceClosed-chai p
Dynamics

o Closed-chairTask/Posture
Behavior Control

o Application Powered-Caster
Vehicle

Experiments on Capturing a Floating Object by Two Flexible
Manipulators
M. Yamano, A. Konno and M. Uchiyama
Tohoku University

o hybridposition/forcecontrol
of two manipulators

e vibrationsuppressioof flexible
links

e proceduref capturingafloating
objectin 3D space

e experimentsusing 7-DOF
flexible manipulators



Symposia: TuP1-6 (S)

Tuesday, April 25t 14:20-16:00, Ballroom 6

Mechatr onics
Organizers & Chairs: Manfred Hiller, Okyay Kaynak

An Overview of Mechatronics
Manfred Hiller
Gerhard-Mercator-Universitt-Duisburg

LargeScaleandHeavry Mobile
Manipulatorsn Unstructured
Terrain

L2
Design ModellingandSimulatior,
asMechatronicSystems

o ALDURO: Anthropomorphicall
LeggedandWheeleduishurg
Robot

Virtual Prototypingfor awide
Classof Heary Manipulators

Toward Biomorphic Contr ol Using Custom aVLSI CPG Chips
M. A. Lewis!, R. Etienne-Cummings?, A. H. Cohen?® and M.
Hartmann*

!Iguana Robotics, Inc.,2 John’s Hopkins University,> University of
Maryland, and * CA. Institute of Technology

Futurerobotswill needpowerful,
miniaturecontrollers

An adaptve CPGchipwas
designedollowing biological
principles

e Chipwasusedo controlan
underactuatedrunningrobot

leg.
Successful stdemonstration

of robotic control usingan
adaptve CPGchip.

The performance of a deformab le-membrane tactile
sensor:basic results on geometricall y-defined tasks
Dimitris Hristu!, Nicola J. Ferrier? and Roger W. Brockett?
tUniversity of Maryland, 2University of Wisconsin and *Harvard
University

Rigid, force-sensinglevices are
not well suited for the study of
manipulationtasks

A deformablesensoy capableof
estimatinghe shapeof thetactile
surface

Quantitatve assesmenta battery
of generally-applicabl&actilesensing
experiments

o
X (mm)

Numericalstatementdefiningcontact
localization spatialresolution cunature
discrimination
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Kinematics of Gel Robots made of Electo-Active Polymer
PAMPS Gel
M. Otake, M. Inaba and H. Inoue
The University of Tokyo

e Tocontrolelasticrobotsmade

of ionic gel

e Kinematicmodelbasedon

e Simulationandexperimental

e Applicableto variousshapes

N

chemicalreaction

deformationof the gel

of thegelandvarioustypes
of theelectricfield

A Miniature Robotic System for Reconnaissance and
Surveillance
D. F. Hougen, S. Benjaafar, J. C. Bonney, J. R. Budenske, M.
Dvorak, M. Gini, H. French, D. G. Krantz, P. Y. Li, F. Malver, B.
elson, N. Papanikolopoulos, P. E. Rybski, S. A. Stoeter, R. Voyles
and K. B. Yesin
University of Minnesota

Theobjectiveisto construcaminiature
robotthatcanroll andhop.

Severalsensorge.g, video magnetometerg
tiltmeters etc) were integrated
alongwith two CPUsandvarious
communicatiorunitsin eachrobot
Therobotis 110mmlongand40mm
wide.

Therobotcanclearvariousobstacle
coursesndits jumphasanaverage
heightof 200mm

It is a powerful designwith alot
of potential

PolyBot: a Modular Reconfigurab le Robot
Mark Yim, David G. Duff and Kimon D. Roufas
Xerox Palo Alto Research Center

N-modularsystemsnaybeversatile robust
andinexpensve

PolyBotis 2-modulamwith upto 32modules
built (sofar)

Demonstratetbcomotion anddistributed
manipulatiorandcontrol

1stsystento self-reconfigurénto topologically
differentgaits




Session: TuP1-7

Tuesday, April 25%" 14:20-16:00, Parlor 7

Parallel Manipulator s
Chairs: David Cannon, F. C. Park

A Mixed Elastic and Rigid-Bod y Dynamic Model of an Actuation
Redundant Parallel Robot with High-Reduction Gears
S. Kock and W. Schumacher
Technical University Braunschweig

o New redundanthactuategarallel
manipulatowith gearboes

¢ Rigid-bodycartesianmodelfor
motiond.o.f.

e Decouplectlasticnull spacemodell B
for forced.o.f.

e Experimentalalidationallowing
full feedbaclkcontrol

Application of a Nonlinear Adaptive Controller to a 6 dof
Parallel Manipulator
M. Honegger, R. Brega and G. Schweitzer
Swiss Federal Institute of Technology

e Thedynamicofthisparallel #
manipulatotis highly nonlineag

e A nonlineamotioncontroller
wassuccessfullyapplied

o Adaptivealgorithmsidentify
dynamicparametersn-line

e AfastCPUandanovel hard
real-timeOSwererequired

Elasto-Kinematic Analysis of Parallel Mechanisms
J. Kim!, F. C. Park! and M. Kim?
ISeoul National University and 2Korea Institute of Science and
Technology
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Contr ol of a Fast Parallel Robot with a Redundant Chain and
Gearboxes: Experimental Results
S. Kock and W. Schumacher
Technical University Braunschweig

Parallelmanipulatoiprototype
with forceredundang

Internalforcesensorsfeedback
controlof null spaceorques

Experimentafresultswith high
acceleration$> 10g)

Videoshavshigh-speegick-and-plac sasun pamer ne -
. . | = el ‘edundant aa
application

Identification and Decoupling Contr ol of Flexure Jointed
Hexapods
Yixin Chen and John Mclnroy
University of Wyoming

. jointedt Stawar pedor mi
1s A flexure joint achiere motion, ratherthan
sliding or rolling acrosstwo surfaces This doeseliminate friction and
i i imi Thelinearized

is a highly cc O model
« D ingheMIMO modelintoi thannelzar
t ms
Previous i il i the allowabl
geometrywor Thenew i

thusg pandir

« Thenew decouplir i izinghejoint i
matrix. An identificationalgorithmis introducedto identify thejoint space

mass-inerti Tl
canbe usedfor isi ibration thusil ing performance
ing thelabor i trolfor differer
« Thenew decouplingalgorithmi i nique:
Tl i indi thenew is practical and

Using the new decoupli
ossall iess achiered

improves nearly 20dB
decc

Optimal Force Distrib ution Applied to Robotic Crane with
Flexible Cables
Wei-Jung Shiang, David Cannon and Jason Gorman
Pennsylvania State University



Session: TuP1-8

e Themanipulatorties the rope

o A flexible objectmodelanda

Tuesday, April 25" 14:20-16:00, Parlor 8

Applications of Grasping
Chairs: Zexiang Li, Kimon Valavanis

Flexible Object Manipulation by Dual Manipulator System

T. Fukuda, T. Matsuno and F. Arai
Nagoya University

Dual6 D.O.Fdirectdrive manipulatopm

aroundacylinder

Themanipulatorconfirmshaving
aropein bothhandsby theforce
sensor

visionsystemareusedo recognize
the shapeof therope

The Design and Implementation of a Robot Assisted Crucib le

¢ Handlingof delicateobjects
¢ Gripperdesignphilosophy
¢ Graspestablishment

e Experimentatesults

Charging System
V. A. Sujan!, S. Dubowsky! and Y. Ohkami?

!Massachusetts Institute of Technology and 2Tokyo Institute of

Technology

Manualpackingof siliconnuggetsn ™
CZ waferproductionis not practical

Roboticsystenconsistingof gripper,
vision, packingalgorithmandhybrid
controldeveloped

36inchdiametercruciblespacledin
about4 1/2 hourswith the robotic
system

Theintegratedsystemachiezeshigh ¥
productionrates requiredprecisio!
andcosteffectiveness

Sensory Gripping System for Variable Products
W. Friedrich, H. Nicholls and P. Lim
Industrial Research Ltd.

a7

Casting Manipulation (Braking Contr ol for Catching Motion)
H. Arisumi, K. Yokoi and K. Komoriya
Mechanical Engineering Laboratory (MEL)

hrbing [reltasing ¥
A

o A manipulatosystenwith astring
for catchinginaccessibl@bject

e Themotionof thegripperis controlled
by applyingforceto the gripper

e Thegrippercancatchtheobject
by controlof thestringmovement

e Thedesirednotionof thegripper
canberealizedby brakingcontrol

Grasp Force Control in Two-Fing er Gripper s with Pneumatic
Actuation
Erika Ottaviano, Maria Toti and Marco Ceccarelli
Universit degli Studi di Cassino

* The aim of the paperis to designa force
controlfor two-fingergripperwith pneumatic
actuationby usingstandarccomponentsn
orderto maintainthesimplicity of themechanical
designand operationof the gripperwith a
low-costlayout

ThecontrolsystenbasednPlschemenales
the gripper capableto maintainthe grasp
with aprescribedorcein presencef significant
movementof thegripperorimpulsive external
forces

Experimentatestshave beencarriedout at
theLaboratoryof RoboticsandMechatronics
in Cassino

Practicalfeasibility of two-finger grippers
with force controlled pneumaticactuation
is proved

Design and Analysis of a Reconfigurab le Robotic Gripper for
Limp Material Handling
R. Kolluru, K. P. Valavanis, S. A. Smith and N. Tsourveloudis
University of Southwestern Louisiana



Session: TuP1-9

Tuesday, April 25%" 14:20-16:00, Parlor 9

Teleoperation 1
Chairs: Antal Bejczy, R. Fournier

Machine-Assisted Teleoperation of Arm Manipulators in a
Complex Environment
I. lvanisevic and V. Lumelsky
University of Wisconsin, Madison

Effective Vehicle Teleoperation on the World Wide Web
Sebastian Grange!, Terrence Fong? and Charles Baur!
1Ecole Polytechnique Federale de Lausanne and 2Carnegie Mellon
University

Existingvehicleteleoperatiomnterfaces
arecumbersomandrequireextensve
trainingto use

Web-basedbolsoffer anattractve e
alternatve, yetthey raisenumerous
researchissuesand imposenev

constrainton systemdesign E P ‘:

o OursystemtheWebDriver, enables : -
safeandefficientvehicleteleoperation £ -
viaanactie userinterfaceandsafguarded — | | ||z | e
autonomy oo

TheWebDrierallowsawiderange
of usergo remotelydrivein dynamic
unknavn, andunstructureervironments

Collaborative Teleoperation on the Internet
K. Goldberg, S. Bui, B. Chen, B. Farzin, J. Heitler, D. Poon, R.
Solomon and G. Smith
University of California, Berkeley

e Thispaperdescribessystems
thatallows adistributeduser
groupto teleoperatanindustria
robotarmvia the Internet

o Weexperimentwith acontrol
modelwheremotioncommands
from multiple simultaneous
usersareaggregatesin real
time usingjava

e http://ouija.berkley.edu
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A Telerobot Control System for Accident Response
Robert J. Anderson, David L. Shirey and William D. Morse
Sandia National Laboratory

Paperdescribeshecontrolsystemimplemented
onaremotelycontrolledteleoperation
platformusedfor accidentresponse

SystemautilizesSMART (Sandias Modular
Architecturefor RoboticsandTeleoperatiop
to implementteleroboticbehaiors.

Implementedehaiorsinclude dual
armcoordinatedontrol .camerdrame
basecbperationautomatidool pick-ups
andstraight-linemotion

Thefinal systenis faster safer more
flexible andlessfatiguingfor theoperator

Using Structural Knowledge for Interactive 3-D Modeling of
Piping Environments
P. Even, R. Fournier and R. Gelin
French Atomic Energy Commission

e Integrationof structuraknowledge
throughspecializedvorkshops

e Goal: speedipaninteractve
modelingtool

o Designandtestof apiping
workshopon realisticsites

e Elbowv automaticinsertion
andinteractve edition

Internet Based Operations for the Mars Polar Lander Mission
P. Backes!, K. Tso?, J. Norris?, G. Tharp?, J. Slostad®, R. Bonitz*
and K. Alit
1Jet Propulsion Laboratory, California Institute of Technology and
2]A Tech Inc.

¢ Internet-baseaperationsfor the
MPL missionusingtheWeblnterfacep

for TelesciencgWITS) 2

o Java2 Jara3D, Java Cryptography
NASA PublicKey Infrastructure

¢ Successfliield testin DeathValley,
California usingtheMPL mockup

o With WITS, theMPL missionwas
thefirst planetarymissionto utilize
Internet-basedroundoperations



