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Session: ThAl1l-1

Thursday, April 27t 08:20-10:00, Parlor 1

Mobile Robots 2
Chairs: Yutaka Kanayama, Yangsheng Xu

Robust Damping Control of Wheeled Mobile Robots
S. Lin and A. A. Goldenberg
University of Toronto

Controlof wheeledmobile
robotswith unknavn dynamics
anddisturbances

RohustDampingController
(RDC) proposedglobaluniform
boundednesguaranteed

lllustrationof RDC'seffectiveness
throughsimulationsandcomparison

MR-Tin Actions
(ngineering Services Inc., Canada)

Simplecontrollerstructure
andlow computationcost

Interactive Motion Planning Using Hardware Accelerated
Computation of Generalized Voronoi Diagrams
K. Hoff, T. Culver, J. Keyser, M. Lin and D. Manocha
University of North Carolina

Fastmotionplanningin bothstaticanddynamicervironments

Usediscreteapproximation®f generalized/oronoidiagrams
computedby polygonrasterizationgraphicshardware and
standardZ-buffer

Real-timepathplanningin acomplex dynamicervironment
composeaf morethan140,000p0lygonsanduptooneorder

of performancémprovementneamarrav passages configuration
space

Extensibleto articluatedanddeformableobjects

Motion Planning in the Presence of Directional and Obstacle
Avoidance Constraints Using Nonlinear, Anisotropic, Harmonic

Potential Fields
Ahmad Masoud and Samer Masoud
Jordan University of Science and Technology

A novelandcompletemotionplanning
methodis suggestedor guiding an
agento atametsetalonganobstacle-free
trajectorywhile regulatingthedirection L
alongwith which motionis allowed
to proceednsidetheworkspace

Nonlinear Anisotropic Harmonicpotential P
fields are usedfor constructingthe
planner

ability of thesuggesteg@lannerto work
in thepresencef joint avoidanceand
directionalconstraintsareprovided ! ! !

Simulationexperimentgo verify the |
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Path Following of a Single Wheel Robot
Kwok Wai Au and Yangsheng Xu
The Chinese University of Hong Kong

Developmenbf anautonomous
singlewheelrobot

Modeltherobot'sdynamics
andstudyits nonholonomic
natureandgyroscopicastabilizatiol

Designavelocity/torquecontrol
law to solve thepathfollowing
problem

Developacontrollerfor the
robot following a straight
line with balance

Path Tracking Control of Tracked Vehicles
M. Ahmadi, V. Polotski and R. Hurteau
cole Polytechnique Montral

Control of a Nonholonomic System with a Drift Term
F. Matsuno and K. Saito
Tokyo Institute of Technology



Session: ThA1-2

Thursday, April 27t 08:20-10:00, Parlor 2

Localization
Chairs: George Bekey, Gamini Dissanayake

Collective Localization: A distrib uted Kalman filter approach to
localization of groups of mobile robots
S. I. Roumeliotis and G. A. Bekey
University of Southern California

Improvedlocalizationaccurag
for teamsof mobilerobots

Distributedmulti-robotsensor
fusionschema Kalmanfiltering

e Reducedgositionuncertainty
for thecaseof 3mobilerobots

Sharedyroupknowledgeappears
aspositionestimatesnterdependeneis

Extracting Topology-Based Maps from Gridmaps
E. Fabrizi' and A. Saffiotti?
'Universit di Roma Tre and 2Orebro University

e New typeof maps

e Representhetopologyinducec
by the shapeof thefree space

e Extractechyimageprocessing
from fuzzy occupang grids

W&

e Extractionis fastandrobust

Bayesian estimation and Kalman filtering: A unified frame work
for Mobile Robot Localization
S. I. Roumeliotis and G. A. Bekey
University of Southern California

e Filter out odometricerror
& reducedandmarkrelated
uncertainty

¢ Bayesiandecisionmaking
& Kalmanfilter estimation

o Globallocalizationin anoffice
ernvironment

o Optimalfusionof proprioceptie
andexteroceptie measurements
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Algorithms and Architectures for Acoustic Localization based
on Microphone Array in Service Robotics
E. Mumolo!, M. Nolich! and G. Vercelli?
lUniversity of Trieste and 2University of Genoa

| : 5 s
| 4 : .

( =

|

Suneillanceandtransportation
tasksin indoorernvironments

Cross-correlatioandNeural
Networksapproachessing

a4 elementinearMicrophone
Array

Real-timeoperationwith a
distributedarchitecture

Absolutelocalizationerror
with atruespealeris below
50cm

Supervised Linear Feature Extraction for Mobile Robot
Localization
N. Vlassis!, Y. Motomura? and B. Krose!
University of Amsterdam and 2Electrotechnical Laboratory

o WHAT? Extract'task-relezant
featuredrom sensomeasuremen S5

¢ WHY? BecausePCA and
relatedmethodsaretask-irreleant
£

o HOW? By SupervisedProjection
Pursuitoptimizing Mutual
Information -

0|

o RESULT? Improvedaverage dl
robotlocalizationperformance

Computing the Sensory Uncertainty Field of a Vision-based
Localization Sensor
A. Adam, E. Rivlin and I. Shimshoni
Technion - Isreal Institute of Technology

e Sensomccurag varieswith * ]
place b 7

)

e Goal: obtainaperformance®
map

e Methodof prediction -

e Statisticalvalidation A e e %



Session: ThA1-3

Thursday, April 27t 08:20-10:00, Parlor 3

Control 2
Chairs: Jim Bobr ow, Genther Schmidt

Energy-efficient Motion Contr ol of a Hydraulic Manipulator
J. Mattila and T. Virvalo
Tampere University of Technology

Bordered Matrix for Singularity Robust Inverse Kinematics:
AMethodological Aspect
J. Foret!, M. Xie! and J. G. Fontaine?
!Nanyang Technological Univeristy and 2Ecole Nationale Superieure
D’Ingenieurs de Bourges

« Motivations In the context of remoteor tele-operated
controlitis ibili i
motionof arobot Thereforewe presenin this papera
new way to make a serial manipt rough 200 50
singularconfigurationsby insuringthe continuity of the SRI Method
acceleratiorandvelocity profiles

“..... Proposed Method ..,

00

&

AN at

ProposedApproach The authorusedthe propertiesof

profile. Tt
a i iti Jacobian
of th ndis conciseenoughto i time 5]
applications ® 10 positios

b sl

2

o oos 015 o 0 o005 ol 015 03

Simulation Results In the results are comparedthe N
SingularRokustInverse(SRI) methodandthe proposed S

y
N
m[ﬁdl{ "
|
|

g
Thesetwo method have beencomparedsincethey offer

henth 005 Lot

NFRTEFENCEY

is use the o ooz er 015 02 o
orientatio error at the
10, wh oth

of

reachtheir maximum

Hybrid Force/Velocity Discrete Event Controller Synthesis for
Assemb ly Tasks with Friction
D. Austin! and B. McCarragher?
!NADA and 2 Australian National University

. \
e Discreteeventfor errorrecorery 4 B AN -
_ _ | W "R ;-
e Forcecontrolgivescompliance . &5t ) Stste “g{;f
e \elocitycontrolovercomes - " - - -
oy | i -
friction (d) State 4 (e) State 5 (f) State 6
e Rohlustto 50mm,10dgree g -
errors ~ |
(g) State 7
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Hybrid System Design for Singularityless Task Level Robot
Controllers
J. Tan and N. Xi
Michigan State University

e Overcomingsingularitiesn tasklevel
robotcontroller.

e A hybrid systemfor analysisand
designof the controller

e ImplementingandtestingonaPUMA560
robot

Firststabletasklevel controllerfor
robotto passsingularities

Preview and Stochastic Controller s for Motion Contr ol of
Robotics Manipulator with Control Input Constraints
M. Negm
Technical College at Dammam

Optimal Preview Controller

Stochasti”Adaptive Controller

SimulationResults

° RecomendationandConclusions‘

Obser ver Based Coordinated Adaptive Robust Contr ol of
Robot Manipulator s Driven by Single-Rod Hydraulic Actuator s
F. Bu and B. Yao
Purdue University

Controlof ahydraulicarmis difficult
dueto strongcouplingeffectsandrich
nonlineardynamics

Physicamodelbasedontrolapproach
is usedto explicitly take into account
thestrongcouplingamongvariousjoint:

Adaptive robust control approachs
emplg/edtoimprove trackingaccurag
in thepresencef modeluncertainties

Simulationand experimentalresults
illustratethe proposedalgorithm



Symposia: ThA1-4 (S)

* Reviews accomplishments
in robotdynamicsresearch

« Equationgjivenfor mostimportant

» Recursie Newton-Euler Composite-Rigid-Bod,
andArticulated-BodyAlgorithms

« Closed-loopsystems global
analysigechniquesliscussed

Thursday, April 27t 08:20-10:00, Ballroom 4

Robot Dynamics
Organizers & Chairs: Roy Featherstone, David Orin

Robot Dynamics: Equations and Algorithms

R. Featherstone! and D. E. Orin?

lUniversity of Wales and 20Ohio State University

computations

Computational

fori=1to0 N do
vi =X v + g
a; = "X}y ay + by i+ hedi;
F=LatvixLvi—f
end
for =N to 1do
o= bTE;
if M) £0 then £, — By + 2OXF 7
end

Robot Dynamics Using Spatial Operator s
A. Jain and G. Rodriguez
California Insitute of Technology

Computationatlynamicstechniquedor roboticsystems

A review of the SpatialOperatorAlgebraframevork

A look at standarddynamicsproblems as well as novel
ones eg. diagonalizedlynamics

Openareaf researclsuchassensitvity analysisandoptimization

Practical Models for Practical Flexible Arms

W. J. Book! and K. Obergfell®

!Georgia Institute of Technology and 2Seagate Technology

Operational Space Dynamics: Efficient Algorithms for
Modeling and Contr ol of Branc hing Mechanisms
Kyong-Sok Chang and Oussama Khatib

BranchingMechanisms
Task/Postur&ehavior Control
Modified SpatialNotation

EfficientRecursie O(n) Algorithms

Stanford University

Forwar d Dynamics Algorithms for Multibod y Chains and

Contact
D. K. Pai, U. M. Ascher and P. G. Kry

University of British Columbia

e Framevork for derivation of forward

dynamicsalgorithms

e Formulateaugmentednatrix; block

matrix elimination

I M
I x
x

x

I M

I

%

o Derivesmary algorithms existing (ABM,

CRBM) & new (contactevolution).

Stability.

e Framevork unifiesmary forwarddynamic

algorithmsandcontactevolution.
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Symposia: ThA1-5 (S)

Thursday, April 27t 08:20-10:00, Ballroom 5

Visual Modeling and Reconstruction
Organizers & Chairs: Shree Nayar, Jean Ponce

Sensors for Robot Vision
Shree Nayar
Columbia University

Constructing Geometric Object Models From Images
J. Ponce, Y. Genc and S. Sullivan
University of lllinois

Self-calibration using the linear projective reconstruction
J. E. Ha', J. Y. Yang? and I. S. Kweon!
!Korea Advanced Institute of Science and Technology (KAIST) and
2Samsung Electronics Co.

e Self-cdibration algorithm that only
requiresalinear projective reconstruction

e Linear initialization method based
on the property of the absolute quadric

e Adding another constraint on the
principal point toimprove robustness
to theimage noise
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Surface Simplex Meshes for 3D Medical Image Segmentation
J. Montagnat, H. Delingette, N. Scapel and N. Ayache
INRIA, Sophia-Antipolis

e Deformable surface based modeling
and segmentation of 3D medical
images

e Shapeand global regularizing constraints,
adaptabletopology, automatic initialization

e CT, MRI and USimages segmentation
e Fast and robust 3D images segmentation

Terrain Reconstruction for Ground and Underwater Robots
R. Mandelbaum, G. Salgian, H. Sawhney and M. Hansen
Sarnoff Corporation

o New image-processing for
egomotion and terrain structure
recovery

o Correlation-based, iterative,
multi-resolution approach

o Suited for outdoor ground-based
and underwater scenes

e Can accommodate both single-camera
and multiple-camerarigs

3-D Map Reconstruction from Range Data
Daniel Huber, Owen Carmichael and Martial Hebert
Carnegie Mellon University

Building large 3-D maps from sensor
data

Matching 3-D patches using local
signaturesfro registration of partial

L
views of the environment AL
=
e

The techniques have been applied

to 11 different sensors (passive and
active) and has been used for building
modelsof individual objects, indoor
environments, large terrain maps,
and sonar maps



Symposia: ThA1-6 (S)

Thursday, April 27t 08:20-10:00, Ballroom 6

Human Frontier Environments
Organizers & Chairs: Paolo Fiorini, Gerd Hirzinger

Advances in Orbital Robotics
G. Hirzinger, B. Brunner, R. Lampariello, K. Landzettel, J. Schott
and B. M. Steinmetz
German Aerospace Center (DLR)

ROTEX - thefirstremotely
controlledspacerobot

Free-flying spacerobots -
Experiencesvith thelabdemonstrat
ESSandtheJapanes&TS

Vil

DLR’stasklevel, sensotbased
teleprogrammingystemMARCO

Futureperspectiesin space
robotics

Experience and Lesson Learned From the ETS-VII Robot
Satellite Mission
Mitsushige Oda
National Space Development Agency of Japan

The world first satellitemounted
spacerobot system launchedin
Nov.1997

Robotarm is tele-operatedrom
the on-groundcontrol stationin
Japan

Automatedsatellitecaptureandmary
otherexperimentsvereconducted

Tech. to be usedin operationof
the spacestation

Enhanced Mars Rover Navigation Techniques
R. Volpe, T. Estlin, S. Laubach, C. Olson and J. Balaram
California Institute of Technology

Marsroveroperationsreconstrained
by infrequentcommunicationunknavn

terrain low power, andlimited computing - "5 TR TE o
RotustnavigationthroughnaturalMars ‘ - = i =

terrainis neededo maximizescience
returnby missions

Progres$iasbeermadein four relevant
areas positionestimationvisuallocalizatio
sensoconstraineghathplanning and
dynamicactiity planning

Ongoingsimulationandexperimentation
demonstraténprovedperformancand
autonomy
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Ground Mobility Systems for Planetary Exploration
P. Fiorini
California Institute of Technology

Summaryof the stateof the art
of groundmobility of Planetary
exploration

Theaimis to increasescientific
return using different mobility
paradigms

A promisingnew approaclis hopping
capableof largeobstacleavoidance

Mobility mustbeoptimizeddepending
on terraintype and exploration
scope

Behavior-Based Control for Autonomous Underwater
Exploration
J. Rosenblatt, S. Williams and H. F. Durrant-Whyte
University of Sydney
Autonomouscontrolof anundervater

vehiclefor suneillanceof coral
reefs

Sonarandvision-basedehaiors
combinedby fuzzy logic and
utility fusionarbiters

Behaviorsselectedy task-level
controlleraccordingo mission
plan

AUV followstagets maintains
altitude andavoids collisions
in naturalcoastakerrain

Underwater Robotics
J. Yuh
University of Hawaii

« During1990s numerousvc
actiitieshave occurredn undervaterrobotics especially
in theareaof autonomousindervatervehiclegAUVs).
As i envi

issuesandresourcesiswell asscientificandmilitary

anduseof undervaterr i
hasbecomemoreapparant This papersuneys some
key areasn currentstate-of-thertundervaterrobotic
technologies

1ddevelopment

» Thispaperfocusenseveralsubareaf undervater
robotics Dynamics Control NavigationandSensors
CommunicationsPaversystemsPressuréiulls, and
Manipulators

» Evaluationandcomparisoronvarioussubsystemare
presentedh this paper

» While not providing a completesuney, it is hoped
thatthis surey canhelpprovide adirectionfor future

her

andpoter und



Session: ThA1-7

Thursday, April 27t 08:20-10:00, Parlor 7

Legged Locomotion 2
Chairs: Marco Ceccarelli, Eiji Nakano

Evolving Robot Gaits with AIBO
G. S. Hornby!, S. Takamura?, J. Yokono?, O. Hanagata?, T.
Yamamoto? and M. FujitaZ
!Brandeis University and 2Sony Corporation

e Gaitsare generatecby an
evolutionaryalgorithm

e By sculptingtheenvironment|
robustgaitsarefound i

Motion Analysis and Experiments of Passive Walking Robot
QUARTET Il
K. Osuka' and K. Kirihara?
!Kyoto University and 2JR West
Itiswell known that in passie walkingsimulations
wecanobsere abifurcationor chaoticphenomenon

Here,we hada question Canwe obsere sucha
phenomenoimn passie walking experiment8

o Wedevelopeda passie walkingrobotQUARTET
Il andcarriedout passie walking experimentsand
tried to shaw theoccurrencef the behaiors.

o Wecouldshaw thatabifurcationphenomenowran
beobseredin therealworld. We couldobsere a
two-periodwalking in passve walking.

In this paper atfirst, we introducedour developed
passie walking robot QUARTET Il. Then we
confirmedthat in passie walking, agaitrecosery
andabifurcationwereobseredviasomenumerical =
simulations And finally, we shaved that those -
behaiors occurin walking experiments

Quadruped Trotting with Passive Knees - Design, Control, and
Experiments
G. Hawker and M. Buehler
McGill University

Singleleg modelfor leg trajector:
parameterandinitial conditions

Mechanicablesignof unactuateg
lockingknee

Experimentalmplementation
of singleleg control

Experimentaltrotting gait
on Scoutll quadruped

Passive velocity field contr ol of Biped Walking Robot
Masaki Yamakita, Fumihiko Asano and Katsuhisa Furuta
Tokyo Institute of Technology

Realizatiorof safeandenegy-efiective
controlfor bipedwalkingrobots

Passve Velocity Field Control
(PVFQ) andVirtual Passve Dynamic
Walking

Thevalidity of proposednethod
hasbeenconfirmedby compass-lik
bipedrobot

Passvity basedcontrolof biped
walking robotson the floor is
realizedwithoutary gaitdesign

Fuzzy Contr ol of Quadrupedal Running
D. W. Marhefka and D. E. Orin
Ohio State University

e Directadaptve fuzzycontroller

developed

o Learnsecessarieg touchdevn

anglesandleg thrusts

e Canshifttodesiredunning
heightandvelocity change
in only onestride

e Goodperformancevith modeling

errors
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Session: ThA1-8

Thursday, April 27t 08:20-10:00, Parlor 8

Rapid Prototyping
Chairs: Ren C. Luo, Dinos Mavroidis

Deformation Transition Graphs in Forming Operations of

Rheologic Objects
S. Hirai, S. Tokumoto and Y. Fujita
Ritsumeikan University

The Development of LCD Panel Display Based Rapid
Prototyping System for Advanced Manufacturing
R. C. Luo, J. H. Tzou and W. Z. Lee
National Chung Cheng University

Motion Planning for a Direct Metal Deposition Rapid
Prototyping System
D. M. Hensinger, A. L. Ames and J. L. Kuhimann
Sandia National Laboratories

Extend2.5DimensionaDirect
DepositionManufacturingSystem
to 3D

ExploitedAccessto CAD and
Flexibility of RoboticPositioning

ProducedJnique3D Partsfrom
CAD Datausingé DOFRobot

Applicationof RoboticSystems
to DepositionManufacturingShow:
GreatPotential

Rapid Prototyping of Robotic Systems
J. Won, K. DelLaurentis and C. Mavroidis
Rutgers University

o RapidPrototypingfabricationof non-assemblyoboticsystems
e UsingStereolithographgndSelectve LaserSintering

e Successfuhon-assemblymulti-joint, multi-DoF one step
fabrication

e Severalroboticsystemdgabricatedusingthis technique

Fast Visualization of NC Milling Result Using Graphics
Acceleration Hardware
Masatomo Inui
Ibaraki University

Fastand fine visualizationof the NC milling -
resultfor avoiding gougingproblems

Geometriamilling simulationis transformedo
a 3D renderingproblem Graphicshardvare:
acceleration

e Comple milling resultcanbe visualizedin a
second

Integrationwith the pathgeneratiorsoftwareis
our futurework.

Visualization result.
- 1

Agent-Based Product Design and Planning for Distributed
Concurrent Engineering
J. Sun!, Y. F Zhang? and A. Y. C. Nee?
Gintic Institute of Manufacturing Technology and 2National
University of Singapore

e Motivation tointegrategeographically
dispersegroductdesign manufcturability
analysis procesglanning
andassembly

o Proposed\pproach aheterogeneous
multi-agentsystem

e ExperimentaResult aprototype
for concurrentdesignand
planningonmachiningorocesses

Figure. System Architecture

e DiscussiorandConclusion



Session: ThA1-9

Thursday, April 27t 08:20-10:00, Parlor 9

Teleoperation 3
Chairs: Robert Ander son, Junku Yuh

Analysis and Evaluation of Stability and Performance
Robustness for Teleoperation Contr ol Architectures
K. Hashtrudi-Zaad and S. E. Salcudean
University of British Columbia

e Operator/Emironmentuncertainties
and time-delayscompromise
stability andperformance

e RolustnessinalysisusingLlewellyn’s
criterionandimpedanceminima/Z-widths.

o Tradeofs for controlarchitectures
presented

e Designguidelinesgiven

. Operator

Block Diagram of a Bilateral Teleoperation Control System

Force Reflection for Time-Delayed Teleoperation of Space
Robots
L. F Penin, K. Matsumoto and Sachiko Wakabayashi
National Aerospace Laboratory, Japan

Overview camera

e How to useforce reflectionto improve
time-delayedeleoperatiofd

e Use force-reflectinghand controllersas
displayingtoolswith andwithoutamodel

e Experimentsonductedeleoperatinghe
robotonboardeETS-7satellite

e Firstextensie applicationof forcereflection
onarealspaceobot

Teleoperation Station

Photo-Realistic Scene Prediction of Partially Unknown
Environments for the Compensation of Time Delays in
Telepresence Applications
M. Barth, T. Burkert, C. Eberst, N. O. Stoffler and G. Farber
Technische Universitat Munchen

e Delaysin thevisualFeedback
of aTeleoperatiorBystem

e Model from Cameralmages
photo-realisnby TextureMapping

e SceneReconstructiomndPredictiol
in structuredEnvironments

e Photo-realistidPredictioncan
beachiered
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Design of a Teleoperation Controller for an Underwater
Manipulator
Dong-Soo Kwon'!, Jee-Hwan Ryu!, Pan-Mook Lee? and Seok-Won
Hong?
!Korea Advanced Institute of Science and Technology and 2Korea
Research Institute of Ships and Ocean Engineering

Teleoperatiomf anundervatermanipulator Fn
is harderthenotherteleoperations

e Toachiereatranspareng adaptvesliding MASTER

modecontrolanddisturbancebsererare
usedor theslave andthemasterrespectrely

Wegotanexcellentresultsfor freemotion
continuousontacimotionandintermittent
contactmotionsimulations

A teleoperatiorontrollerfor anundervater
manipulatoris proposed

UNDERWATER SLAVE

Network-Based Force-Reflecting Teleoperation
A. Sano, H. Fujimoto and T. Takai
Nagoya Institute of Technology

Thisstudyaimsto developapractical
force-reflectingeleoperatothrough
thelnternet

Thedesignof controllersncorporating
adjustmentto the time delay could
berealizedin the framevork of gain
scheduling

Pushingthewall, insertingthe video
cassetteandholdingtheraw egg, have
beenperformedwith hapticsenses

Theproposedontrolstratey is well
suitedto thenetwork-basedeleoperation

Remote Coordinated Controls in Multiple Telerobot
Cooperation
N. Y. Chong?, T. Kotoku!, K. Ohba!, K. Komoriya!, N. Matsuhira?
and K. Tanie!
!Mechanical Engineering Laboratory (MEL), 2Toshiba Corp. and
3SNEDO

e Multi-OperatorMulti-Robot
tele-collaborationvith time
delay

Communication Delay
4 Simulator

Coordinatedtontrolwith predictve
graphicsimulators

SUN Workstation
Network: Ethernet 10Base-T

Time Delay

Local

e Larger masterinstructions Display

andlesstaskcompletiortime.

Microsoft
Joystick
SideWinder

e Developmenbflocalcoordinated
controlsin MOMR teleoperation

PCUNX Operator#1



Session: ThA2-1

Thursday, April 27t 10:20-12:00, Parlor 1

Robotics Cooperation 2
Chairs: Kamal Gupta, Kevin Lynch

Motion Planning for Cooperative Transpor tation of a Large
Object by Multiple Mobile Robots in a 3D Environment
A. Yamashita!, M. Fukuchi!, J. Ota!, T. Arai' and H. Asama?
'The University of Tokyo and 2The Institute of Physical and
Chemical Research (RIKEN)

¢ A motionplanningmethod
for high DOF problems

¢ A local plannerfor stable
manipulation

e A globalplanneffor practical
pathsearching Robot

Object

e Simulationsandexperiments
in 3D ervironments

Analysis and Classification of Multiple Robot Coordination
Methods
E. Todt, G. Raush and R. Suarez
Universidad Politecnica de Cataluna

=5 BB

¢ Review of multiple-robotcoordinatior|
methods

Definitionof aunifiedterminology
for theproblem

Discussiorof theusedtools
andproposedapproaches

Introductionto thefield and
aframework for new works

A Two Level Hierarchical Fuzzy Controller for Hyperredundant
Cooperative Robots
M. Ivanescu and N. Bizdoaca
University of Craiova

Controlof tentaclemanipulators
in cooperatie tasks

Two level controls acorventiona
andanadaptve fuzzycontroller

Line andellipsetrajectory . z
cooperatre tasksimulations s N

Simplefuzzyrulessets notable
stabilityandrobustnesgontrol

T(s)
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Robot Group Formations: A Dynamic Programming Approach
for a Shortest Path Computation
Federico Gentili and Francesco Martinelli
Universit di Roma Tor Vergata

e Problemformulation

A variationalapproacho solve
theproblem

o A dynamicprogrammingalgorithm
givesanapproximatesolution

Applicationto a2 robotformation
andcomparisorwith heuristics

Multi-Robot Collaboration for Robust Exploration
I. M. Rekleitis!, E. Milios? and G. Dudek!
IMcGill University and 2York University

Explore large areaswith a pair
(or tea) of mobilerobots

Keepsomerobotsasmobilelandmark
that help the localizationof the
mobilerobots

Systematicallyexploretheentire
ervironmentby subdviding it into
trapezoids

Uncertaintyreductionin theposition
of therobotsleadsto moreaccurate

mapping

Cooperative Transpor t in Unkno wn Environment
N. Miyata, J. Ota, Y. Aiyama, H. Asama and T. Arai
University of Tokyo

Needsto assignvarioustasks
keepingorderor timing of execution ¢

Priority calculatiorfor eachunit
of taskthatcanbeexecutedy
onerobotin ashorttime

==
({*) Object ’

&)

Task-assignmeriormulatedas
gassignmerroblemhusingthe
priority

Verificationby atransporexperimeni.
usingtwo realrobots
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Vision-Based Control
Chairs: Sylvie Boudet, Nicola Ferrier

Multi-Cameras Visual Servoing
Ezio Malis!, Francois Chaumette? and Sylvie Boudet?
'University of Cambridge, 2IRISA / INRIA and *EDF-DER

o Inthiswork, theclassical visual servoing techniques
have been extended to the use of several cameras
observing different parts of an object.

A multi-camerasvisual servoing task of maintenance
in the steam generator of anuclear power plant
is considered.

Themulti-cameravisual servoing has been designed
as a part of the task function approach. The
particular choice of the task function allows us

to simplify the design of the control law and

the stability analysis.

A positioning task on acumbersome object has
beenrealized using 2D and 2 1/2 D visual servoings
with two cameras, mounted on a manipulator
robot, and observing two different parts of the
object.

Motion Estimation by Iterative 2-D Features Matching in Range
Images
G. A. Borges and M. J. Aldon
LIRMM

* Motion estimation by fusing
simplegeometrical features.

Alternated features matching
and motion estimation.

o Experimentation with different
indoor cluttered environments.

vl

e Good performance from experimental L |
results. “”’

A focusing by Vergence System Controlled by Retinal Motion
Disparity
J. Batista, P. Peixoto and H. Araujo
University of Coimbra

o Real-timebinocular focusing.
e \elocity Control.

e Combination of vergenceand
focus motor calibration (off-line
calibration).

e Focusing velocity controlled
by retinal motion disparity.
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Interception of a Projectile Using a Human Vision-Based
Strategy
Justin Borgstadt and Nicola J. Ferrier
University of Wisconsin, Madison

e Based on human studiesarobot motion

control strategy using only a single —
image-based parameter (without elaborate > —  ——— o
3D modeling) is proposed Ed

Direction of motion is determined by
the sign of the second derivative of
the vertical angle of gaze between the
robot and the projectile

terZ

Various strategies for control of the
magnitude of motion are evaluated

Camera tiltangle

Gaze angle from previous frame
Sensor height

Itmage height of ball centroid
Carmera focal length

A constant accel eration strategy, combined - G
with the human-based directional strategy
is demonstrated on a mobile robot

5

PN

Active Visual Alignment of a Mobile Stereo Camera Platform
J. Knight and |. Reid
University of Oxford

o Four DOF head/eye platform
mounted on mobilevehicle

e |nitia aignment essentia
precursor to visual navigation

e Alignment and calibration
achieved from visua cues
and controlled motion alone

o Testsshow 1 degreealignment
error and good calibration

Subpixel Stereo Method: a New Methodology of Stereo Vision
K. Umeda and T. Takahashi
Chuo University

¢ Control of Disparity lessthan
One Pixel

Disparity & (pixel) Correspondence

e,
a_ b~ o

wpl| —|a|b

~ Left Image —

e Simplelntroduction of Disparity
ask = (bf-b)/(a-b)

¢ Avoidance of Correspondence

Problem Right Image

e Although not Accurate, very
Simple and Practical
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Learning 1
Chairs: Antti Koivo, Karl F. MacDorman

A General Learning Approach to Multisensor Based Control
using Statistic Indices
Y. von Collani, M. Ferch, J. Zhang and A. Knoll
University of Bielefeld

e Generalfuzzy descriptionfor
high dim. systemsandsensor
fusion

Principal componentanalysis it cenepace

: s proin o
andB-Splinefuzzy controller. o —f—=f

Fusionof differentsensodata
canbehandeldoy thecontroller

B-splinemodelmaybeutilised
for sensoffusionanddifferent
problems

On-Line Learning of the Sensors Fuzzy Membership Functions
in Autonomous Mobile Robots
Hani Hagras, Victor Callaghan and Martin Colley
University of Essex
e Thereisanecessityor onlineself-calibration
for thefuzzy Membershig=unctiong MF) for

fastchanginganddynamicenvironmentsand
difficult accessiblernvironments

Our work reportson an approachbasedon
theuseof patentedsenetidechniqueso evolve
thefuzzy MF of theindividual behaiours.

Our systemlearnsthe MF of the individual
behaiours online andthroughinteractionof
therealsensorswith therealworld in avery
shorttime interval of 4 minutesin outdoor
challengingervironments

This systemcanbe appliedto ervironments
which aredifficult to accesssuchasnuclear
reactorsspaceandunderwaterervironments

Teaching by Example in Food Assembly by Robot
T. G. Williams, J. J. Rowland, M. H. Lee and M. J. Neal
University of Wales, Aberystwyth

Flexible assembly make nev
productsvithoutreprogramming

Sensingealproductexamples
tolearncomponenplacement

Initial resultsdemonstratéhe
feasibility of thetechnique

Laterresultsllustratesuccessful
approximatenatchingof variable u 14
shapes
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A Learning and Dynamic Pattern Generating Architecture for
Skillful Robotic Baseball Batting System
X. Z. Zheng!, W. Inamura?, K. Shibata! and K. Ito!
'Tokyo Institute of Technology and 2Ishikawajima-Harima Heavy
Industries

e Alternative approachio robotic

. b . v
dynamicmanipulation o %

e |terativelearningcombined o <« =ty
with optimalcontrolandANN v, Vi

e Computesimulationverificatior

ona 3-DOFmanipulator
=ty

o Effectiveandrobustbatting

Sweet sf;ot
without giventrajectory

Modular Neural Net System for Inverse Kinematics Learning
E. Oyama! and S. Tachi?
!Mechanical Engineering Laboratory (MEL) and 2The University of
Tokyo

Learningof theDiscontinuoudnverse
KinematicsFunction

AppropriateSwitchingof Multiple
ContinuousNeuralNetworks

Succes InverseKinematicsLearning
of a7-DOFarmModularNeural
NetSystemCanHandletheDiscontinuity

T Expert
<SUP>1</SUP>MechanicaEn- G )
gineering.aboratory(MEL) and sl Ef‘db“ug‘ LS AN]
<SUP>2</SUP>TheUniversi-
ty of Tokyo

L licsative Method | 9 6y
L ol valoe |
Search

ol
+ KBt

Responding to Affordances: Learning and Projecting a
Sensorimotor Mapping
Karl F. MacDorman
Osaka University

Tolearnto recognizeopportunities
from experience

Adaptive sensorimotomaps Bayesial
classificatiorof affordancenvariance |
in waveletdomain Projection
of mapsto exploit affordances

Effective in mobilerobot

Plannedextentionto abstracplanning
in ahigh DoF robotwith comple
dynamics
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Contr ol and Architectures
Chairs: James Albus, Ning Xi

4-D/RCS Reference Model Architecture for Unmanned Ground
Vehicles
J. S. Albus
National Institute of Standards and Technology

e Hierarchicaktructureof plans
andcommands

o Representatioof theworld
atfive hierarchicalevels

¢ Planning replanning and
reactingatfive levels

e Marny sensors-steredCCD
& FLIR, LADAR, radar inertial
acousti¢cinternal

A New Appr oach for Conte xt-Based Exception Handling in
Autonomous Mobile Service Robots
D. Glueer and G. Schmidt
Technische Universitat Munchen

e Taskorientedexceptionhandling B g
for free navigatingrobots o

o RelationalAlgebrg PetriNetmodels F=
hierarchicakystemstructure e e

Evaluatedn Shop-Flooandoffice
ervironments

Significantreductionof MTBF,
cascadeeéxceptionscovered alternate
therapiespplicable

® Charging Station

Shop floor layout, path of mobile ro-
bot and sample causes of exceptions.

Real-Time Control of Internet Based Teleoperation with Force
Reflection
Imad Elhajj!, Ning Xi' and Yun-hui Liu?
'Michigan State University and 2The Chinese University of Hong
Kong

Overcoming-andontimedelayin
Internet-basetele-operationvith
forcereflection % v T
Event-basedontrolappliedto overcome =
theinstability andde-synchronizatio
causedy delay

Camera
Commands

Camera,
Commands;

AmzmE -

Tele-operationvith forcereflection
wasexperimentedetweerarobot
in MichiganStateandanoperator
in HongKong

Force
Feedbadk

Farce
Feedback
- -—
Robot Robot
Commands Commands

Firstreal-timetele-operationvith
forcereflectionover theInternet
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Design, Architecture and Contr ol of a Mobile Site-Modeling
Robot
A. Gueorguiev, P. Allen, E. Gold and P. Blaer
Columbia University

e Autonomougobotnavigation
e Sensointegrationanddistributedarchitecture

e Successfullyolloweda210mcomple
trajectory

e Sensointegrationleadsto higheraccuray;
distributedcomputinghelpsprocesdarge
amountof data

BERRA : A Research Architecture for Service Robots
M. Lindstrom, A. Oreback and H. Christensen
Royal Institute of Technology

e RequirementsnaServiceRobotArchitecture
e Designandimplementatiorissues
e Experimentperformedon our Robots

e Comparisonsvith otherArchitectures

A Hybrid Architecture for Hierarchical Reinforcement Learning
Manfred Huber
University of Texas, Arlington

Efficientacquisitionof closed-loo|
controlpolicies

Uniform treatmenbf basic
actionsandlearnedstrat@ies

Skill transfetto improvelearning
speedandquality

Applicationtoincreasingly
complex locomotiontasks
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MEMS
Organizers & Chairs: Peter Will, Bradley J. Nelson

MEMS and Robotics: Promises and Problems 3D Viewpoint Selection and bilateral Control for
Peter Will Bio-Micromanipulation
USC/Information Sciences Institute F. Arail, T. Sugiyama!, T. Fukuda! and K. Itoigawa?

'Nagoya University and 2Tokai Rika Co

Theimageof themicroscopés two dimensional
soit is hardto manipulatethe biological small
tagetin the 3D space Theobjectis fragile, so
it is hardto manipulatesafely.

We proposea viewpoint selectionmethodin
theVR spaceandanew bilateralcontrolsystem
usinga micro tri-axial force sensotto improve

We wereableto feel the strengthof thecell in
X, y, andz direction It is thefist achizzement
in theteleoperatiomnf thebiologicalsmallobject
to demonstratéhereal 3D bilateralcontrol (a) 3D Bio-micromanipulator (b) Master Manipulator
Bilateral 3D Bio-Micromanipulation System

Wedevelopedthebilateral3D bio-micromanipulation
system We improved the operability by the
free viewpoint selectionstratgy andbilateral

control
Track-following Controller Design of MEMS Based Dual-stage Issues in Precision Motion Control and Microhandling
Servos in Magnetic Hard Disk Drives Hannes Bleuler, Reymond Clavel, Jean-Marc Breguet and Eric
Yunfeng Li and Roberto Horowitz Pernette
University of California, Berkeley Institute of Robotic Systems - EPFL

e Smalldevicesfor precision

positioncontrol& microfactory e ry) Tnctin Ganerstor
o Sizeof thedevices Between sopainom ~ g/ 7 DM Dt biror
MEMS and e PZTa Stepping Motor GM: Galvano Mirror
A=690nm,P=30mwW
. . Semiconductor Laser
. P|§zo-actyat0r§MA micro Lens > g e
gripper, Micro DischageMachining U~ #fom R UK Semiconductor Laser
d CIOSEdOOpcoerIiS amust Bilateral Laser Scanning Manipulation System

for precisionapplications

Micropart Feature Design for Visually Servoed Microassembly
Bradley J. Nelson and Bharath Mukundakrishnan
University of Minnesota
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Session: ThA2-6 Thursday, April 27t 10:20-12:00, Ballroom 6

Stiffness and Compliance
Chairs: Herman Bruyninc kx, Imin Kao

Internal force-based Impedance Control Of Dual-arm Minimal Realization of an Arbitrar y Spatial Stiffness Matrix with

Manipulation of Flexible Objects
A. S. AlYahmadi and T. C. Hsia
University of California, Davis

Simple efficientschemdor
handlingflexible objects

Objectdynamicscompensated
for usingsensedorces

Internalforceis usedto deform
anobject

Simulationof two armsinserting
aflexible objectinto afixture

An Eigenscrew Analysis of Mechanism Compliance
P. L. McAllister and R. E. Ellis
Queen’s University
Compliance(C) of devicesof

unkown geometrycannotefound
analytically

An SPSDapproximatiorto C
was obtainedfrom simulated
noisystaticsdata

Eigenscrev decompositioryielded
directionsand magnitudesof
compliance

Simulationsshavedthemethod
wasreliablefor well-conditioned
poses

Classification Structure and Compliance Modeling for Serial
Manipulator s
Jeffrey Hudgens!, Daniel Cox? and Delbert Tesar?
! Applied Materials, Inc. and 2University of Texas, Austin

« Robot

aload

The resultis the end-efe
heopicts of (1
a
jointandiink ary revolute
andprismaticjoints.
) Type | Schematic | Name Membership
T andlink
compliancesources A more reliable methodfor placing the link 1 Constant R-R
introduced given to Pprozimat = R
R - Puistal
oneor moreprismaticjoints. Pprozimal — Paistal
« Thedistinctstructuregor prismatigointsare(1) Constant(2) Proximally || 2 /—D Proximally Puisat — R
Variable (3) Distally Variable and (4) Fully Variable The link is Variable Paistat = Paistal
3 Distally R- P,
Thelink D—/ Variable [ Porimat — Py
modelingstratey addressethefour distinctlink structures T Fally P —
. A / Variable

joint and link developed An

both revolute and/or is provided The
- - "

h be applied
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a Parallel Connection of Simple and Comple x Springs
Rodney G. Roberts
Florida State University
e Any spatialstiffnessmatrix K canbe realizedwith simple
andcomplec springs

e The minimum total numberof springsis equalto the rank
of K.

e To reducecomplity, oneshouldminimize the numberof
complex springs

e An algorithmis introducedto realizeK with the minimum
numberof comple springsandthe minimumtotal number
of springs

The Spatial Stiffness Matrix from Simple Stretc hed Springs
J. M. Selig
South Bank University

e System®f simplestretched
springsconsidered

e Stiffnessmatrixderivedfrom

thepotentialfunction N ’ N
a b, b, a,
. . . A v ')\‘—I ‘BRAAAAS
. leferentlatlomngroupmanlfold,‘ e a e tre—n T

no constraintaised

e Formof thestiffnessmatrix
investigated

Synthesis of Spatial Compliances with Simple Serial Elastic
Mechanisms
Shugang Huang and Joseph M. Schimmels
Marquette University

compliancesynthesisndrealization

useserialmechanisnwith
springdoadedacrossndividual
prismaticandrevolutejoints

notall compliancesirerealizable
with mechanismsf thistype
restrictiononcompliancematrices
identified

serialmechanisnsynthesis
procedurdor compliances
satisfyingrestrictiondefined
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Biped Robots
Chairs: Bernard Espiau, Friedric h Pfeiffer

A Biped Robot that Jogs
M. Gienger, K. Loffler and F. Pfeiffer
Technische Universitat Munchen

DesignandControlof a Biped Walking Robot
DynamicallyStableWalking andJogging

Realizationof an AutonomousRobot

Hardwarein ProgressResultsEnd of 2000

Balance Control of a Biped Robot Combining Off-line Pattern
with Real-time Modification
Q. Huang!, K. Kaneko', K. Yokoi!, S. Kajita', T. Kotoku', N.
Koyachit, H. Arai*, N. Imamura?, K. Komoriya! and K. Tanie!
Mechanical Engineering Laboratory (MEL) and 2Kobe City College
of Technology

e Balancecontrol of a biped
robot

o Off-line walking patternwith
real-timemodification

e Walkingonroughterrainand
in ervironmentswith disturbance

e Confirmationby abipeddynamic B
simulator

Design of Small Power Biped Robot by Load Sharing of

Walking Gait
D. J. Kim!, K. I. Kim!, Yuan Fan Zheng?, Zengqgi Sun® and Fuchun
Sun?
Myong Ji University and 2Ohio State University and *Tsinghua
University

e Walkingcanbedividedinto one-footandtwo-footstanding
during the commonspeedsmoothwalking. In two-foot
standing theweightof therobotcanbedistributedto all
joints. However, in one-footstanding it is burdenedto
onefoot, especiallyto the anklejoint.

e This problemis solved by aloadsharingmethod which
distributestheload of the ankleto otherjoints.

e Thecurrentof ankleis significantlyreducedto become
lessthanthecritical value

e Loadconcentratioproblemhasbeensolvedby theload
sharingmethod which calculateshecurrentto beconsumet
ateachjoint, andreprogramshemotionsof all thejoints
accordingly
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On the Stability of Biped With Point Foot-Gr ound Contact
R. Stojic and C. Chevallereau
Institut de Recherche en Cybernetique de Nantes

Control of simplebipedin -
underactuatedohase

Rewrittenof systemequatior
with new variables

Definition of a controllaw
for stabilizationandtracking

Caseof 2 links and3 links % o %o
system — b h

M

An Online Trajector y Modifier for The Base Link of Biped
Robots To Enhance Locomotion Stability
J. Park and H. Cho
Hanyang University

For sabldocomotion bipedrobots
shouldhave robustpropertiesagains*
variousdisturbances

Thebasetrajectory

in theverticaldirectionis modified
dependingnthemagnitudeof ZMP ,
deviationformits safetyboundary

ay

A seriesof simulationsshav that a
therobotcanwalk with theproposec et
algorithmseven whenthereis a
certainamounbf disturbancdorce

Design and Actuation Optimization of a 4 axes Biped Robot for
Walking and Running
C. Chevallereau and P. Sardain
Universite de Poitiers

e UnderActuatedRobot

e Walking AND Running

4

\\\\

M) )////%

e OptimalReferencdrajectories

////////
J

o AdeguatioriTechnology-Dynamic
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Discrete Event Dynamic Systems 2
Chairs: M. A. Jafari, Okyay Kaynak

Structural approaches to deadlock avoidance in concurrent
resource allocation systems
Jonghun Park and Spyros Reveliotis
Georgia Institute of Technology

o Developmenbf anANALYTICAL /ALGEBRAIC
criterionfor testingthecorrectnessf tentatve
algebraicdeadlockavoidancepolicies(DAP's)
for Single-UnitSequentiaResourcéllocation
SystemgSU-RAS

Thebehaior of SU-RAScontrolledby algebraic

DAP’sis modelecby aPNclassin whichliveness

is equivalentto the non-eistenceof reachable
emptysiphons But the latter propertycanbe Puoge
testedalgebraically Lo

e Theincludedexampledemc oposed
methodologycan effectively expandthe class
of algebraicDAP’'sfor SU-RAS

The proposedvork hasexpandedthe classof
effectively computablalgebraidAP'sfor SU-RAS
potentiallyenhancingheoperationaflexibility

of thesesystemsFuturework will extendthese
resultsto broadeRAS classes

Deadlock avoidance for manufacturing systems with partially
ordered process plans
Widodo Sulistyono and Mark A. Lawley
Purdue University

A Formalism for the Composition of Concurrent Robot
Behaviors
Eric Klavins and D. E. Koditschek
University of Michigan

o Synthesi®f Hybrid, Concurren g~
RobotBehaviors " i

e Applicationsin Automated et ([])
Manufacturing
N=e=

Y pick

pats
Jeeder
D

o CompositionaPetriNetsare )
LiveandReversible (s

Resource-oriented petri nets for deadlock avoidance in
automated manufacturing
Naigi Wu! and Mengchu Zhou?
!Guangdong University of Technology and 2New Jersey Institute of
Technology

e Introduction

Petrinetsandsystemmodeling

Livenessf interactve subnets

Performanceémprovementthroughanexample

Queuing Network Analysis for an IC Foundry
J. Y. Juang and H. P. Huang
National Taiwan University

A tool-groupbasechybriddecomposed
queueingnetwork model

« Systemdiagnosis arrival and -
servicepatternanalysis @ E—
g™ | —=— qFaB_o6c1 o1
« Systenprediction productcycle i Esya
time, lot remainingcycletime, £ \/\ ;uxm:”
N-stepcycle time, tool group o \\/\
move, stagemove, tool group -
utilization A T

Successfullyppliedto afamous
IC foundry

Petri-Net and GA Based Approach to Modeling, Scheduling,
and Performance Evaluation for Wafer Fabrication
J. H.Chenand L. C. Fu
National Taiwan University

Fah
« — — — ML DaaCollestion

o Provideaneffective schedulingnethod
for waferfabrication

Use Petri-Netfor modelingtools

& GA for schedulingapproach Ercch
o Two case®f simulationsto shav .h
thesuperiorityof this method

Database

Program Simulation
e Presenasystematiecnodelingmethod
& aneffective schedulingoolicy.

Analysis

Prediction, Performance Evaluation
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Haptic Interface 2
Chairs: Blake Hannaford, Christian Laugier

A Compliant Tactile Display for Teletaction
G. Moy, C. Wagner and R. S. Fearing
University of California, Berkeley

e Cheapcompliant leakfree,
frictionlesstactiledisplay

e Onestepmoldssealecchamber|
for pneumaticactuation

e 5x5array, 2.5mmspacing
180mNpeakforce, 0.8mm
peakdisplacement

e Gratingorientationdetectable
with 10

Fing ernail Touch Sensors: Spatiall y Distrib uted Measurement
and Hemod ynamic Modeling
S. Mascaro and H. H. Asada
Massachusetts Institute of Technology

MotivationandPrinciple

VasculaAnatomyandHemodynami
Modeling

Model Simulation

e ExperimentaValidationand
Conclusion

Using Haptic Vector Fields for Animation Motion Contr ol
B. R. Donald and F. Henle
Dartmouth College

Wantnaturalmethodfor authorinCgz
andeditingmotions

C-spaces reparameterized
by hapticcontrolspace

Hapticforcefieldsimplement
static/dynamiconstraints

Systenencouragegoodmotions
discouragedadmotions
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Artificial Tactile Feel Display Using Soft Gel Actuator s
M. Konyo!, S. Tadokoro!, T. Takamori! and Keisuke Oguro?
!Kobe University and 2Osaka National Research Institute

Displaydelicatetouchasa
surfaceof clothusingamechanical
device.

Ciliary device usingsofthigh
polymergelactuatomales
variousstimuli.

Comparisorwith material
samplesshaved variety of
generatedeels

Thisdevice candisplaysubtle
differenceof touchof cloth.

Automatic Identification of Local Geometric Properties During
Teleoperation
T. Debus!, P. Dupont! and R. D. Howe?
!Boston University and 2Harvard University

Userobotsensorso estimate _—
objectpropertiesiuringmanipulatiort

|
Ly WLy P |

s L= 132.5 (mm):
" ol |
How: interprettaskassequence - .
of contactstates

Trials
----- Direct measurement
X Estimated value

3

( Ry=103 1mm))
\ ¥

s

Result methodto segment
sensodatastreanby contact
state

y (mm)

¢ o o

s

M0 s 0 5 10
X (mm)

Validation estimatiorof 3-D Contact 1
peg-in-holedimensiongluring

insertion

Properties estimated during contact 1. T.. L. and R . are
the vertical offset of the hole. the length and radius of the peg.

Perception of Depth Information by Means of a Wire-Actuated
Haptic Interface
P. Arcara, L. Di Stefano, S. Mattoccia, C. Melchiorri and G. Vassura
University of Bologna

e RoboticAid for Blind Persons

e SceneReconstructiomy Sterec
Vision

o Perceptiorby Wire-Actuated
HapticInterface

e Experimentsvith Real-World
Scenes
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Manipulator Path Planning
Chairs: Sunil K. Agrawal, S. Zeghloul

Omni-directional Mobile Base OK-II
Myung-Jin Jung, Heung-Soo Kim, Sinn Kim and Jong-Hwan Kim
KAIST

e Omni-directional motionwith

2-WMR and revolute joint video
Transmitter &

CCcD
Camera
= (1]

Board

o Kinematic, dynamic models
and control laws derived

RF
Ilndn

« 1
Bensors
Revolute

Li-ian

e Semi-autonomous:. object locating, B
path planning and following

o OK-IIl, fully-autonomousrobot,
under development

Dynamic Trajectory Planning for Autonomous Underwater
Vehicle- Manipulator Systems
T. Podder and N. Sarkar
University of Hawaii at Manoa

e Dynamics-based motion planning
for heterogeneous systems

e Fourier seriesrepresentation
and weighted pseudoirnverse

e Simulation results

e Smoother motion of the heavy
subsystem and reduction of
power and energy

Reactive Mobile Manipulation Using Dynamic Trajectory
Tracking
P. Ogren, M. Egerstedt and X. Hu
Royal Institute of Technology

o Gripper trajectory tracking for amobile ._”*WTEE_E
manipulator is studied. e i

e Tracking is coordinated with obstacle
avoidance base control.

o Deadlock free, robust and safe performance
is proven.

e Thealgorithmiscurrently beeing implemented .
on the hardware. L

On Tracking Control of Mobile Manipulator
Wenjie Dong, Yangsheng Xu and Qi Wang
The Chinese University of Hong Kong

Study thetracking control problem
of mobile manipulatorswith regard
to the dynamic interaction between
the mobile platform and the manipul ator

Investigateits nonholonomic nature

Propose aglobal tracking controller
based on extended Barbalat’s
lemma

Ensure the stability of the full
state of the systemin presence

of dynamic interaction and system
uncertainty

Local-based Method for Manipulators Path Planning in Heavy
Cluttered Environments
C. Helguera and S. Zeghloul
Universite de Poitiers

The constraints method

e |20 12
l4 B

Coordinated Trajectory Following for Mobile Manipulation
M. Egerstedt and X. Hu
Royal Institute of Technology

The zig-zaging phenomenon

Solving blockageswith alocal
graph

O O

-.-:["ﬂ
Motion coordination for mobile manipulators sz EE

isstudied

A model independent coordination strategy
for multiplerobot platformsis proposed

A virtual vehicle approach isexploited
for the coordinated tracking task

A proven stableand robust coordinated
performanceis achieved
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Mapping and Localization 3
Chairs: Bruce Donald, P. Jensfelt

Practical Mobile Robot Self-Localization
Jon Howell and Bruce Randall Donald
Dartmouth College

mapmaking& localization

withoutexplicit landmarks

computeikely feasibleposes
basednrangedata

repeatablyocalizeto within
5cmé& 1degree

result a simple effective
onlinealgorithm

T 0 2m o 0 W@ D@ W0 000 800 600

Civil Engineering Articulated Vehicle Localization: Solutions to

deal with GPS Masking Phases
D. Bouvet and G. Garcia
Ecole Centrale de Nantes

We proposea reliable 2-D
localizationsystenfor compactor: “‘%
W
Positionerrormustbelower oy g
than20cmevenduringGPS 4
maskingphases

Experimentabalidationon
aninstrumentednachine

Mobile Robot Self Localization Using PDAB
J. Reuter
TU-Berlin

Entity of Pose Hypothesis (first 30 timesteps)

Kidnappedrobotprobl. in
sparsemodeledEnv.

Target-detectiotin denseclutter
solvedby MHT

Mapsof naturalpointlike-landmark: s True start position

SN ~ %

: . j \*':" '

T T e O
) ) A e e

.

Appr. corvergesfast seems
to berobust
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Environmental Map Generation and Ego-motion Estimation in a

Dynamic Environment for an Omnidirectional Image Sensor
Yasushi Yagi, Kouichi Shouya and Masahiko Yachida
Osaka University

= Generatiorof a stationaryervironmentalmap
is oneof the importanttasksfor vision based
robotnavigation

* Inthispaperundertheassumptiorof unknavn
translationamotionsof the robot, we propose
amethodo generatastationaryervironmental
mapandestimatetheegomotionof arobotin a
dynamicervironment by usinganomnidirectional
imagesensor

o Two experimentsvereconductedor evaluating
accurag of measurementndeffectivenessn
ourcomputeroom(6m x 4m). Averageerrors
of the location measurementf the robot and

tationaryervir pproxi
4 cmand18cm,respeotely

Sincebothrobotandobjectsmovein theervironment
themethodcandetectamoving objectandfind
occlusior i ingy i imation
errorof eachobjectlocation

Localization based on Visibility Sectors using Range Sensors

S. Lee, N. M. Amato and J. Fellers
Texas A&M University

Precisdocalizationwithout
ary landmarksusingrange
sensors

Preprocessingartitionsthe
workspacento visibility sectors

Analyzerangesensoreadings
andlocalizefirstto asector
andthento aparticularconfiguratio
within thatsector

Applicablefromary configuration
in theervironment

Position Estimation in Outdoor Environments using Pixel
Tracking and Stereovision
A. Mallet!, S. Lacroix! and L. Gallo?
ILAAS-CNRS and 2Aerospatiale, Chatillion France
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Modeling and Control
Chairs: Richard Klafter, Imre Rudas

A New Data Fusion Method and its Application to State
Estimation of Nonlinear Dynamic Systems
Jae-Won Lee and Sukhan Lee
Samsung Advanced Institute of Technology

Advanced Torque Control of Robot Manipulators Driven by AC
Induction Motors
Dong Sun and James K. Mills
University of Toronto
e Demandor thedesignof afeasible
control methodfor AC induction

motors which can exhibit better
motionperformancehanPID.

A torquefeed-forvardplusaPl-type
torquefeedbackcontrol

Theimplementatioris greatlysimplified
throughlinearizationof thetorque
dynamicswhile makingpartialcompensatiol
viacurrentfeedbaclandflux estimation

Experimentgonductednacommercial
AcC inductionseno systendemonstrate
the effectivenessof the proposed
torquecontrolmethod

Stabilization of A Gyroscopically Stabilized Robot on an
Inclined Plane
Yangsheng Xu and Loi Wah Sun
The Chinese University of Hong Kong

Develop a control system
for agyroscopicallystabilized
robotonaninclinedplane

Developacompletedynamic
model

Studyits stabilizationoninclined
plane

Proposéhebacksteppingontrol
for trajectorytrackingand
stabilization
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Non-Conventional Integration of the Fundamental Elements of
Soft Computing and Traditional Methods in Adaptive Robot
Control
I. J. Rudas, J. K. Tar, J. F. Bito and K. Kozlowski
Bnki Dont Polytechnic

Variable Structure Systems Approach to Friction Estimation
and Compensation
Q. P. Ha, A. Bonchis, D. C. Rye and H. F. Durrant-Whyte
The University of Sydney

Usinga VSS-basedechnique
in designingobserersfor friction
estimatiorandcompensation v,

e

Model-basedapproach VSO
for friction compensatiowith
andwithoutvelocityinformation

Nonmodel-basedpproachFriction
cancellatiorwith arobustsliding
modecontroller

1:"/ =-Lo,

);1=(—1':f +w+0o)/m,
 Rolustneswerifiedwith friction o =Mianh(e, /7., )
of bothstaticanddynamictypes

Fuzzy Logic Based Optimization for Manipulators
M. C. Ramos and A. J. Koivo
Purdue University
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Grasp Analysis and Optimization
Chairs: R. D. Howe, H. Lipkin

Metrics for analysis and optimization of grasps and fixtures Regrasping Behavior Generation for Rectangular Solid Object
Thomas G. Sugar! and Vijay Kumar? Y. Hasegawa, J. Matsuno and T. Fukuda
! Arizona State University and 2University of Pennsylvania Nagoya University

e Generatiorof regraspingmotion
for afour-fingeredrobothand

e UsingEvolutionaryProgramming(EPR

e Rotationof rectangulasolid object
with regraspingmotion

» \We controltherealrobothand
usingthecontrollerdesignedn
computersimulations

Computing 3-D Optimal Form Closure Grasps The Synthesis of 3-D Form Closure Grasps
D. Ding, Y. Liu and S. Wang D. Ding!, Y. Liu' and S. Wang?
The Chinese University of Hong Kong IThe Chinese University of Hong Kong and 2Harbin Institute of
Technology

A formulationof thesynthesis
of 3-Dfrictional form-closure
grasps

Constructinga form-closuregrasp
is of significanceor graspandregrasp
planning

e Byarecursiereductiontechnique Finger4

the6-D problemis transformed Fingsr 2
toa3-Done

Given grip points of more than 2
fingers find optimalgrip pointsfor
theotherfingers
Theform-closurecondition
isequivalentto theinconsistang
of linearinequalities Finger 3

Theproblemis formulatedasaNLP
problem

Theperformances verified by two Numericalsimulationresults Finger 1

examples areprovidedto shaw theefficiengy.
Precision Localization and Robust Force Closure in Fixture Kinematic Graspability of a 2D Multifing ered Hand
Layout Design for 3D Workspaces Y. Guan and H. Zhang

M. Y. Wang and D. Pelinescu University of Alberta
University of Maryland

« Kinematic feasibility analysisis to determine
whetheradesiredgraspis achiezedby thehand
with respecto theobject undertheconsideration
of handkinematicsandobjectgeometry

« Two constraintsn a grasp contactconstraint
and collision-free constraint are evaluatedin
termsof triangularareas The analysisis then K
modeledasaconstrainedhonlinearglobaloptimization p;
problem

e Numericalexamplesincluding the graspsof a
rectangleandadisk by atwo-fingerechandare
provided

e Theunifiedandeffective methodgivesadefinitive
answerto kinematic graspabilityanalysis It
is applicableto various 2D graspsincluding
fingertipgraspsandpower grasps
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Education
Chair: Aydan Erkmen, Robin Murphy, and Takashi Tsubouchi

Pandlists:

Paolo Dario, ARTS-SSSUP, Pisa

Matthew T. Mason, The Robotics Institute, Carnegie Mellon University
Shankar Sastry, Electronics Research Lab, EECS, UC-Berkeley

Harry Stephanou, Center for Automation Technologies, RPI

Kazuo Tanie, Mechanical Engineering Laboratory, AIST-MITI

Peter M. Will, USC/Information Sciences Institute

The Education Panel will begin with the six following presentations:
e Mechatronics Education,
Paolo Dario ARTS-SSSUP, Pisa

¢ Robotics Education,
Matthew T. Mason, The Robotics Institute, Carnegie Mellon University

e Education,
Shankar Sastry, Electronics Research Lab, EECS, UC-Berkeley

e The University’s New Role In Industrial Research,
Harry Stephanou, Center for Automation Technologies, RPI

e What are Mechatronics Engineers and Education of Mechatronics,
Kazuo Tanie, Mechanical Engineering Laboratory, AIST-MITI

e Mechatronics at the Crossroads of Education and Industry:
The Robotics Research and Design Experience,
Peter M. Will, USC/Information Sciences Institute
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Identification
Chairs: Wisama Khalil, Jan Swevers

Calibration of a Motoman P8 Robot Based on Laser Tracking

W. S. Newman!, C. E. Birkhimer!, R. J. Horning* and A. T. Wilkey?

!Case Western Reserve University and 2Ktech Corp.

Motivation improvedcalibration
of anindustrialrobot &

Approach useSMX lasertracler;
compareircle-pointto search
methods

Results circle-pointhadhigher
RMSerror, but betterfit to validation
data

~ 20
Conclusionscircle-pointmethod R
ismorereliablethanalternatve
methods

An Analytical Method to Eliminate the Redundant Parameters

in Robot Calibration
M. Meggiolaro and S. Dubowsky
Massachusetts Institute of Technology

e To improve robot calibration
redundanerrorparametersust
beeliminated

£

A generahnalyticalmethodo
eliminatetheredundanparameters
is presented

Simulationsare conductedto
verify themethod

Themethodallows forimproved
calibrationaccuray of ary serial
manipulator

Comparison of weighted least squares and extended kalman
filtering methods for dynamic identification of robots
Ph. Poignet! and M. Gautier?

!Laboratoire de Vision et Robotique de Bourges(A.S.A.R.) and
2Institut de Recherche en Cybernetique de Nantes(IRCyN)

o |dentificationof robotdynamic
parameters

¢ Weightedeastsquaresomparel
with extendedkalmarfiltering ~ +*

e Experimentaldentification
of a2 dof SCARArobot

o' o 0

e Closeresultsprovidedgood
initial valuesfor EKF
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On-Orbit Calibration of the SPDM Force/Moment Sensor
Farhad Aghili
Canadian Space Agency

Thecalibrationmatrixof theSPDM
force/momensensoneeddo be
updatedn orbit

force/moment sensor

Inertial forces are applied as a
resultof themovementof themanipulato
payload

An ExtendedKalmanfilter is emplo/ed
to estimatehesensois gainmatrix

Simulationresultsdemonstrated
the convergencepropertyof the
estimator

Fuzzy linear regression for contact identification
M. Oussalah
Katholieke Universiteit Leuven

Fault Detection for Robot Manipulator s with Parametric
Uncertainty: A Predictive Error-Based Approach
W. E. Dixon, I. D. Walker, D. M. Dawson and J. P. Hartranft
Clemson University

ProblemMotivation
DynamicModel

PredictionError Basedrault
Detection

ExperimentaResults
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Actuators 2
Chairs: Howie Choset, Yoshio Yamamoto

Micro Positioning and Actuation Devices Using Giant
Magnetostriction Materials
Yoshio Yamamoto!, Takaaki Makino? and Hiro Matsui?
'Tokai University and 2Moritex Corporation

o Novel applications of Giant Magetostriction
Materials .

i

e Self-sensing and thermal compensation /
mechanism

o Designoptimization viaFEM analysis

e Micro positioning and wire clamping

Development of Platform for Micro-Positioning Actuated by
Piezo-Legs
L. Juhas, A. Vujanic, N. Adamovic, L. Nagy and B. Borovac
University of Novi Sad

o In this paper we present the design and
testing results of a simple platform for
micropositioning.

« Theplatform hasthreelegs, and can move
freely over the supporting surface.

o With the onboard control electronics, translation,
aswell as complex planar motion can be
achieved.

o Withitspractically unlimited range of motion
and the simultaneous possibility of highly
precise positioning, the present platform
performances represent a good basis for
whole spectrum of |aboratory and industrial
applications.

Characteristics of an Ultrasonic Motor Capable of Generating a
Multi-Degrees of Freedom Motion
Kenjiro Takemura and Takashi Maeno
Keio University

e Multi-DOF actuators are effective for dexterous
robots.

e A multi-DOF ultrasonic motor is constructed
using three natural vibrations of the stator.

Multi-DOF
ultrasonic motor

e Driving and control characteristics of the multi-DOF
ultrasonic motor are measured.

e The multi-DOF ultrasonic motor is applied
to the multi-DOF forceps for a laparoscopic

surgery. Multi-DOF forceps for
g laparoscopic surgery
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Improved Modelled and Assessment of pneumatic Muscle
Actuators
N. Tsagarakis and D. G. Caldwell
University of Salford

e Modelling of Bio-mimetic
pneumatic Muscle Actuators.

e Improved prediction of forces
and displacements

e Comparison of theoretical
and experimentation using
ultralarge actuators

e Better planning of designs
and assessment of performance
requirements

A ZPET-Repetitive Speed Controller for Ultrasonic Motors
H. Rodriguez, J. L. Pons and R. Ceres
Consejo Superior de Investigaciones Cientificas, Spain

ToReducethe Speed Ripples ..
of Rotary Piezoelectric Motors.

Zero Phase Error Tracking 1. r\n,Aﬁ'h'a‘h‘{W'&'MWWMMW,’%WW7
with Repetitive Control is r

Results: A 77

Fair Control of Ripplesbut
still Room for Improvement.

Closed-Loop Operation of Actuator Arrays
J. E. Luntz, W. Messner and H. Choset
Carnegie Mellon University
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Flexible Assembly Systems
Chairs: Daniel Cox, M. A. Erdmann

Uncertainty Reduction Using Dynamics
M. Moll and M. A. Erdmann
Carnegie Mellon University

For assemblytaskspartsoften have to be
orientedbeforethey canbeputin anassembly
Theresultspresentedh thispaperareacomponent
of the automateddesignof partsorienting
devices

We optimizetheshapeof thesupportsurface
anddrop heightthat minimize the entropy

of the posedistritution of a part We use
dynamicsimulationin combinatiorwith quasi-captur
regionsto quickly computetheposedistribution.

Oursimulationandexperimentatesultsconfirm
that our dynamicsimulatorcan be usedto
find thetrue posedistribution of anobject

“Entropy:
1.54
1.38

Pose Distributions:
— Surface 1: .20 ,15.,30 .10 .25
Surface 2: .15 .10 ,50 .10 .15

Thisnew approaclis afeasiblewayto assist
in the designof partsorientingdevices

Flexible Robot-Assembly Using a Multi-Sensory Approach
Stefan Joerg!, Joerg Langwald!, Johannes Stelter!, Gerd Hirzinger!
and Ciro Natale?

!German Aerospace Center and 2Universita degli Studi di Napoli
Federico Il

IntegratedAssemblyCell for flexible
Robot-Assemblyn moving parts

Model-basedeal-timevisionsystem
for 3D PoseEstimationandTracking
forcecontrolusinginnovative compliant
6 DOF F/T sensoy automaticforce
controllerdesign

Thesystem$robustnessvasdemonstrate
with greatsuccesattheKUKA booth
duringthe Hannaver Fair 1999

Complex assemblyproblemscanbe
solvedwith sensoicontrolledrobots

A Component-Based Approach to the Holonic Control of a
Robot Assembly Cell
Jin-Lung Chirn and Duncan C. McFarlane
University of Cambridge

e reconfigurablenanufcturing

. Mescage Broker L
controlarchitectureo long-term folon
changes T I M — T

Machine Machine Machine [V | Product
Component Component Componentl’ Component

e component-basetbvelopment f

! s

andholonicmanugcturing -7

]
systems ‘ Black Board System H Yirtual Machine |
Software System [

. KS—Z?Z‘I
e execution control systems byl
for arobotassemblycell

Physical World

e implementatiorof plug-and-play
manufcturingcontrol
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Flexible Handling in Disassembly with Screwnail Indentation
B. R. Zuo, A. Stenzel and G. Seliger
Technical University Berlin

Flexible handlingin disassembly

Generataew surfaceswith

“
ascravnail to transmitthe % -h’:‘:' !1
= o lL
- b |
L
ﬁ =

forcesandtorques

e Developmentaindvalidation

g
of amathematicainodelto \\l\‘l
calculateheindentatiortorque %%
for the scravnail

Realizableandcost-efective
solutionfor handlingin disassembly

A system for automatic assembly and disassembly operations
Swee M. Mok, Chi-haur Wu? and D. T. Lee?
IMotorola Inc., 2Northwestern University and 2Academia Sinica

e ToRepresenfarts Tools andOperation:

ProposeaBinary Tree

SimulatedCellularTelephonéAssembly

PartsandHandlersTreefor Analysis

“Asmntly fow dredion

Automatic Object Recognition as Part of an Integrated
Supervisory Control System
T. Tuytelaars, A. Zaatri, Luc Van Gool and H. Van Brussel
University of Leuven

e Easyinteractiorwith objectsundertele-operatio

e throughanautomatimbjectrecognition
module

viewpoint & illumination invariant

integratedin arobustISCSwith different
controllevels errorrecovery, anticipation
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Collision Detection and Distance Computation
Chairs: Stephen Cameron, Ming Lin

Computing Signed Distances between Free-Form Objects Fast Distance Queries with Rectangular Swept Sphere Volumes
F. Thomas!, C. Turnbull?, L. Ros! and S. Cameron? E. Larsen, S. Gottschalk, M. Lin and D. Manocha
1Oxford University and 2CSIC-UPC, Barcelona University of North Carolina, Chapel Hill

o Distancecomputationis essentiain
robotmotionplanning dynamicsimulation
virtual prototyping simulation-based

e NURBSusedto representree-formsurfaces designandhapticrendering

Useof efficientboundingvolumehierarchy
of rectanglesweptspherestraversal
coherencgandpriority directedsearch

e Descentechniqueo trackthe minimumdistance

. r. . e Achieve uptoan orderof magnitude
e Boundson patchapplicabilityfrom control points speedupverthestateof artonmary
benchmarksrom motion planning

dynamicsimulationandvirtual prototyping

e Sub-dvision usedto focusin onsolution applications

Planto explorethepossibilityof hybrid
hierarchyfor generaproximity queries

EODM- A Novel Representation for Collision Detection An Algebraic Solution to the Problem of Collision Detection for
M. Benitez, K. Gupta and B. Bhattacharya Rigid Polyhedral Objects
Simon Fraser University S. Redon!, A. Kheddar? and S. Coquillart!

HINRIA - Rocquencoart and 2University d’Evry, France

DiscretizedDistanceMapsspeed-upollisiondetection
however, theirmemoryrequirementsnaybeexcessie.
Octreesare memoryefficient but slow for collision
detection

Realisticandintuitive object
manipulatiorin Virtual Environment

Continuouollisiondetection
usinganarbitraryscraving-derived

in-bet ti <> Q
in-betweermotion /9

Themanipulatiorcanbedone
atinteractve rates

The ExtendedOctreeDistanceMap (EODM) is a
novel representatioffior efficient collision detection
in staticervironments It captureghedistanceo the
obstaclesn ahierarchicamannerusingoctrees

Distance
EODMrequiresonly asimpleconstant-timéest essentially ﬁ’%;!
alook upin thestoreddistance EODM is computed

onceandrepeatedlysedfor collisiondetectiomueries 5 —/\/\ e Valuableapproachior Collision
« Ourpreliminaryexperimentsn 2D shav thatEODM ' Detectionsystemsn Virtual
speedsup collision detectionby a factorof threeto o ' 2 N N Ervironments
six comparedo anoctree Wikis node's perimeter (8)
Registration of Range Data Using a Hybrid Simulated Neural-Network Based Target Differentiation Using Sonar for
Annealing and Iterative Closest Point Algorithm Robotics Applications
J. Luck!, C. Little? and W. Hoff! Billur Barshan!, Birsel Ayrulu! and Simukai W. Utete?
!Colorado School of Mines and 2Sandia National Laboratory IBilkent University and 2University of Oxford

o Rolustandefficientregistrationof range

data | o
P o MotivationandProblemStatement

¢ A hybridalgorithmcombininglCPand

SimulatedAnnealing o Neural-Netvork BasedlametDifferentiatior

Thealgorithmis superiotto eitherindividual N * ExperimentaResults

technique 1

e Conclusions

Thealgorithmis bothrobustandefficient A
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Sensing Strategies and Control 2
Chairs: D. Kriegman, Alfred A. Rizzi

High Speed Visual Servoing of a 6 DOF robot Using MIMO

Predictive Contr ol
J. Gangloff and M. de Mathelin
Ecole Nationale Superieure de Strasbourg(ENSPS)

120Hz visualsenoing

Dynamicalmodelof thevisualloop
MIMO GeneralizedPredictize Controlj

6 DOFtamgettrackingexperiment

Towards Robust Sensor-Based Maneuvers for a Car-Like
Vehicle
F. Large, S. Sekhavat, C. Laugier and E. Gauthier
INRIA, Rhone-Alpes

Reactve ControlArchitecture
for aCarLike Vehicle

Artificial NeuralNetworks
to modelizetherobotkinematic

Real-timeAdaptationusing
OnlineLearning

Experimentatesultsfor the
trajectoryfollowing maneuer

Dealing with robustness in mobile robot guidance while
operating with visual strategies
G. Bianco! and A. Zelinsky?
'University of Verona and 2The Australian National University

Studyingfeaturegelatedto
visualguidancemethods

Analysisof thevisualnavigation
vectorfield

Visuallearningandrobustness
featuresaremeasured

Motion fieldsprovide bases e
for addressingnotionfeatures
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Robust Video Based Object Recognition Integrating Highly
Redundant Cues for Indexing and Verification
C. Eberst, M. Barth, K. Lutz, A. Mair, S. Schmidt and G. Farber
Technische Universitat Munchen

robustandinexpensve object
recognitionfor mobilerobots JpETEE

combinatiorof diversitarystratgies
for hypothesigeneration/erification

o robustnessigainssceneompleity - ey

andsensingconditions

reusingoint featuregor performanc
atlittle cost

Selecting Promising Landmarks

Markus Knapek !, Ricardo Swain-Oropeza 2 and David J. Kriegman
2

Technical University of Munich and 2University of lllinois at
Urbana-Champaign

e Selectingpestandmarksor
visual-basetavigationtasks

e Only perceptuallysalientand
visuallydistinctive landmarks
areselected

e Harrisdetector K-jetsand :
Mahalanobislistanceareused i
in this method

L

e Experimentatesultsperformed
in indoorenvironments

Two-Level Visual Control of Dynamic Look-and-Mo ve Systems

F. Conticelli and B. Allotta
Scuola Superiore Sant’ Anna

 Inthispapertheproblemof controllingdynamic
look-and-mee systemstakinginto account
thelinearrobotdynamicsn thevisualcontrol
loop, is solved by applying backstepping
approach

Assumingthe existenceof a local smooth
stabilizingcontrollaw for thevisualsystem
theproposedontrolalgorithmsaddresshe
problemof thestabilizationof theinterconnected
systenincludingthelinearrobotdynamics

}ﬁ

e Experimentatesultsobtainedvith thePUMA
560 robot eye-in-handconfigurationshav
that systemperformanceis satishctory in
thepositioningwith respecto targetobjects
in realconditions

« Typi yasecbntheproposedipproach
couldbe high-performanceision-basednanipulation
andassemblyoperations
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Sensing for Navigation
Chairs: Kurt Konolige, Edwin Prassler

Autonomous Control of Underground Mining Vehicles using
Reactive Navigation
J. M. Roberts! 3, E. S. Duff! 3, P. I. Corke! 3, P. Sikka!, G. J.
Winstanley! ¢ and J. Cunningham? 3
ICSIRO, 2CSISO and *CRC

Automationof aclassof undeground
mining vehicles(LHDs)

Reactve navigation using
wall following andnodalmaps

Full-speedperformanceof
anLHD hasbeendemonstrated

Automationof LHDs is possible
without addingnavigation
infrastructure

Critical Point Sensing in Unknown Environments
E. Acar and H. Choset
Carnegie Mellon University

CompleteSensoBasedCoverage ( s )
of Unknown Ervironments

T 1w

Q{vn

f:nw I — ”J

Exact Cellular Decomposition
in Termsof Critical Points

Critical PointSensingandAlgorithms
to EncounterAll of Them

ExperimentaWVerificationof the
TheoreticaResultsonaMobile
Robot

High Accuracy Navigation Using Laser Range Sensors in
outdoor Applications
Jose Guivant, Eduardo Nebot and Stefan Baiker
University of Sydney

AutonomousNavigatiorn Longps
term/ Largeareas

Simultaneous.ocalization
andMap building

NaturalFeatureRecognition
/ Validation

OutdoorExperimentaResults
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Active Perceptual Anchoring of Robot Behavior in a Dynamic
Environment
A. Saffiotti and K. LeBlanc
Orebro University

e Perceptiomustberelevant
to thecurrenttask

e Anchor. modelof aphysical “‘m

object usedby thecontroller

e Perceptuafocusbasedon
‘measuref importancé of
anchors

¢ Usedin RoboCup’9%otrack
severalobjectssimultaneously

Optimal Motion Planning in the Image Plane for Mobile Robots
H. Zhang and J. Ostrowski
University of Pennsylvania

Intro to VisualMotion Planning

Examplefor planarrobots

Examplefor a 3-D robot

Summaryanddiscussion

Feature Extraction for Autonomous Navigation using an Active
Sonar Head
E. G. Araujo and R. A. Grupen
University of Massachusetts

e FeaturéAcquisitionfor Reliablelndoor
Navigation

e Useof BinauralSonamHeadto Extract
2D Features

e Millimeter Precisionn Featurd_ocalizatio

o Active SensingAllows ReliableFeature
Extraction
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Thursday, April 27t 16:20-18:00, Parlor 3

Learning 2

Chairs: Koji Ito

Reinforcement Learning with Fuzzy Evaluative Feedback for a

Biped Robot
C. Zhou and Q. Meng
Singapore Polytechnic

ZMP trajectory by RL with numreical evaluation

Why fuzzyevaluative feedbacl «
for bipedlearning

Fuzzyreinforcementearning

(FRL). e ety b ot
Biped gait synthesidbased  :

onFRL. 2, ]
Simulationresults 50 ET) 20 0 20 0 50

XAxis(em)

Learning Globally Consistent Maps by Relaxation
Tom Duckett!, Stephen Marsland? and Jonathan Shapiro?
'University of Orebro and 2University of Manchester

Fast,on-line maplearning
algorithm

Generategeometricallyconsister
maps

Provento convergeto aglobally =
optimalsolution

Experimentsn large, real u,
world ervironments

Evolution Based Virtual Training in Extracting Fuzzy
Knowledge for Deburring Tasks
S. F Su!, T. J. Horng? and K. Y. Young?
INational Taiwan University of Science and 2Technology and
National Chiao Tung University

To obtainoptimalparametergskill) throughvirtual training.
Fuzzurulesaretheskill knowledgeto befound

Evolution Stratgjies are usedto searchfor the bestfuzzy
rules

The resultsof delurring are more satistctory thanthat of
thepreviouswork.

, C. S. George Lee

Learning and Adaptation of Sensory Perception Models in
Robotic Systems
T. Celinski and B. McCarragher
Australian National University

o Adaptive Controlof Perception
RequiresGood Perception
Models

e GoodPerceptiorModelsCan
BeAchieved ThroughAdaptation

Information

e RadialBasisFunctionsOver Reaes
Fixed-SizeGridsAllow Real-Tme ( e
Model Adaptation | e |

e Applicableto SensorSystems
with Time-VaryingCharacteristics

Fast Learning of Biomimetic Oculomotor Control with
Nonparametric Regression Networks
T. Shibata! and S. Schaal?
!Japan Science and Technology Corporation and 2The University of
Southern California

e Learningaccurat®culomotoreflexes e
for visualstabilizationduringbody-maement

e Combiningabiologicallyinspired
cerebellatearningschemewith a
state-of-the-arstatisticalearning
network

e Usinga biomimeticactive vision
systenonourhumanoidobot accurate
stabilizationreflexes are learned
in lessthan60 seconds

« Biomimetic learningand control
circuitscombinedwith moderrstatistical
learningmethoddeadto autonomous
acquisitionof high performance
oculomotorcontrol

Self-Adaptive Neuro-Fuzzy Systems with Fast Parameter
Learning for Autonomous Underwater Vehicle Control
J. S. Wang!, C. S. G. Lee! and J. Yuh?

'Purdue University and 2University of Hawaii

o A GeneridMulti-Layer Neuro-Fuzzy
Control Architecture

e LinearandNonlinearOptimization
for FastParametet.earning

SANFIS_I SANFIS_IT SANFIS_III

o Neuro-FuzzyNetworkswith Self-Adaptve ™
andSelf-OganizingCapabilities =

¢ ComputeiSimulationVerification
for ControllinganAUV
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Grasping and Force Control
Chairs: Suguru Arimoto, Bruno Siciliano

A Position/Force Control for a Soft Tip Robot Finger Under Geometrically Consistent Impedance Control for Dual-Robot
Kinematic Uncertainties Manipulation
Zoe Doulgeri!, Andreas Simeonidis' and Suguru Arimoto? Fabrizio Caccavale!, Stefano Chiaverini2, Ciro Natale!, Bruno
! Aristotle University of Thessaloniki and 2Ritsumeikan University Siciliano! and Luigi Villani*
LUniversit degli Studi di Napoli Federico Il and 2Universit degli Studi
di Cassino

Controlwith uncertaircontact
pointandsurfaceorientation

Two RobotsGraspingaRigid Object

Adaptive controlwith composite

parameteupdatelaw e Task-Orientedormulation

Simulationresultsfor a 3
dof planarroboticfinger

Six-DOF ImpedanceControl

e ExperimentaResults

Asymptoticstability of force
andestimatedgositionerrors

A Biomimetic Compliance Control of Robot Hand by
Considering Structures of Human Finger
B. H. Kim!, B. J. Yi}, I. H. Suh!, S. R. Oh? and Y. S. Hong?
'Hanyang University and 2KIST

BiomimetricComplianceControl,
Method | Envrnment

ResohedInterFinger/InterJoint Ky
DecouplingSolver

ImprovedComplianceControl

Finger 2

e GraspGeometryandGeometric q
Structureof Fingerimportant
for successfucompliance
control

Control of Grasping Force by Detecting Stick/Slip Distribution
at the Curved Surface of an Elastic Finger
Takashi Maeno, Shinichi Hiromitsu and Takashi Kawai
Keio University

o Tactilesensofor graspingunknavn
objectis expectedo bedeveloped

o A methodor graspingbjectusing
cunedelasticfingeris proposed

e [tisconfirmedhatobjectis graspec
andlifted without slippage

e The proposedsensorcan be used
for robothands
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Rolling Based Manipulation for Multiple Objects
K. Harada, M. Kaneko and T. Tsuji
Hiroshima University

o We formulatethe manipulationtheoryof
multiple objects

Wediscusghemotionconstrainbf multiple
objects

Wediscusghedependengcof contacforce

Experimentatesultsareshavn to verify
ouridea

Motion-decoupled internal force control in grasping with
visco-elastic contacts
D. Prattichizzo and P. Mercorelli
Universit di Siena

e Generamanipulatiorsystems

Non-rigidcontacts Noninteractin
force/motioncontrol

Statespacealesign Geometric
approach

Force/motiordecouplingas
astructuralproperty
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Novel Sensing Devices
Chairs: Makoto Kaneko, Richard Voyles

A Whisker Tracing Sensor with 5um Sensitivity Eyes and ears: combining sensory motor systems modelled on
Makoto Kaneko and Toshio Tsuji insect physiology
Hiroshima University Barbara Webb' and Reid Harrison?

lUniversity of Stirling and ?California Institute of Technology

Motivation Detectionof a
smallburr afterdrilling process

LR
optic flow
velocity

"Matchedfilter’ sensorgouldhelp
simplify sensoffusion

Approach Whisker sensor
anchoredtbasewith torque

¢ OptomotoraVLSI chipandcricket-inspirec ctes. b2
sensor soundlocalisation b S
e Result Thesensorcandetect e Improved approachpath robot
irregularitieswith 5 micro canlock-onto sound N - Righ mar
meter o Needto explorein morechallenging o # -
e Advantage Thesensocan motorcontroltask
beinsertedntoasmallhole
Active Video System for a Miniature Reconnaissance Robot Fusion of Omni-directional Sonar and Omni-directional Vision
K. Yesin!, B. Nelson!, N. Papanikolopoulos!, R. Voyles! and D. for Environment Recognition of Mobile Robots
Krantz? T. Yata, A. Ohya and S. Yuta
tUniversity of Minnesota and 2MTS Systems Corporation University of Tsukuba
e A pan-tilt video module was . .
built for aminiaturemobilereconnaissance e New sonarcanprovideaccurateeflecting
robot

points

Severerestrictiononsize weight

andpower consumption ¢ Visioncanprovide edgef wall sggment

Availabletechnologiegor image

sensingandactuatiorareinvestigated e Getervironmentalfeatureby fusingbased

for compatibilitywith miniature ondirection
systems
« Themoduleusesasingle-chip ' — 4 e Omni-directionameasuremerity asingle
gMOSV|deosensoand3mm measurement
iametergearmotors
Approximating a Single Viewpoint in Panoramic Imaging Suppression of Mechanical Coupling for Parallel Beam
Devices Gyroscope
Steven Derrien! and Kurt G. Konolige? H. Sato!, T. Fukuda!, F. Arai!, K. Itoigawa? and Y. Tsukahara?
lIRISA and 2SRl International !Nagoya University and 2Tokai Rika Co.,LTD

e Weproposenew gyroscope
usingparallelbeamstructure

Simplepanoramidevicesthat
approximateasingleviewpoint

Thisgyroscope&ancorverts
theCoriolisforceinto concentrated

o Standardamerasindspherica electricchage
mirrorscanbeused e Resonanciequeny canbe
easilyadjustedy changing
o Real-timedewarpingproduce themassof thetip

perspectie images

Mechanicatouplingcanbe
suppresselly appliedvoltage
to sensownit.
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Dynamics and Optimization
Chairs: Abhinandan Jain, Beom-Hee Lee

Unified Motion Specification and Contr ol of Kinematicall y
Redundant Manipulator s
J. Park, W. K. Chung and Y. Youm
Pohang University of Science & Technology (POSTECH)

o Analysisandcontrolof kinematically
redundantmanipulatorsin an
effective andunifiedway

, :
e Kinematicallydecouplegoint ¢ QN300 N
spacalecompositiotechnique p

to modelthedynamicsf self-motions y ,

andincorporatevariousinverse
kinematicmethods

e Experimentalerificationusing \ ICTH
aplanar3 DOFdirectdrivearm \

e Successfuspecificatiorandcontrol
of motionfor redundantanipulators

On the Computation of Optimal High-Dives
J. V. Albro!, G. A. Sohl', J. E. Bobrow! and F. C. Park?
LUniversity of California, Irvine and 2 Seoul National University
e \Wantto generateealistichuman I I P I
motion e.g platformdives I R .

e Solverelatedoptimalcontrol —
problemwith analyticgradients

e Only hadto specify8 parameters
to getsuccessfutlives P A SN S

e Cangetsomehuman-lilemotions | * L w| L | L
relatively easilythis way % \

Robot Acceleration Capability: The Actuation Efficienc y
Measure
Alan Bowling and Oussama Khatib
Stanford University

e Problem Measureactuator

oversizingfor desirecherformance

e PurposeAid in roboticmanipulato "-"-.;-\ % :Z
design o ’ Es p

e Method Analysisof dynamic I _ :
modeland actuatortorque il st

bounds
Flesdusing pessk borgque of hird achsato yiekds

. two-kdd increase in sclalion efidenoy
e Feature Unified study of il ot decr sasing pes orman ce

linearandangulamotions

Balancing of an Inverted Pendulum with a Redundant
Direct-Drive Robot
Chi Youn Chung, Jin Won Lee, Sang Moo Lee and Beom Hee Lee
Seoul National University

Stabilizingthebase-gcitedinverted
pendulumaroundits uprightposition
with arobot

Hall-effectsensosystemRedundang
utilization, Acceleratiorobserer/controlle

Goodperformanceatthebestconfiguration
with a stablelimit cycle

Balancingof the2-DOF pendulum
with the 3-DOF direct-drive robot
is unique

Modeling of Mechanical Systems with Lumped Elasticity
W. Khalil and M. Gautier
IRCyN - Ecole Centrale de Nantes

- Modelingmechanicabystemsawith lumpedelasticity. For
high speednachinetoolsandrobotswith elasticjoints.

- Roboticsclassicahotationshave beenused thegeometric
andkinematicmodelsaredirectly obtained

- Theinversedynamicmodelhasto beredefinedanddeveloped

- Applicationsconcernthe simulationand control of such
systems

Trajector y Planning of Robots with Dynamics and Inequalities
N. Faiz and S. Agrawal
University of Delaware
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Bipedal and Climbing Robots
Chairs: Toshio Fukuda, Gill A. Pratt

Behavior Coordination and its Modification on Brac hiation-type A General Contr ol Architecture for Dynamic Bipedal Walking
Mobile Robot Chee-Meng Chew and Gill Pratt
Y. Hasegawa, Y. Ito and T. Fukuda Massachusetts Institute of Technology

Nagoya University

« Noveladaptatiomethodfor abehaior-baseq o Motivation andObjecti/e
locomotionrobot
o Adjuststheactiationlevel of each e Proposeddpproach

behaior controller

o Apply totaskchangingof Brachiatorlll e SimulationResults
e Acheiecontinuousocomotionbehaior e Conclusions
The Anthr opomorphic Biped Robot BIP2000 Action Module Planning and its Application to an Experimental
B. Espiau' and P. Sardain? Climbing Robot
'INRIA and LMS and 2Laboratoire de Mecaninque des Solides D. M. Bevly'!, S. Farritor? and S. Dubowsky?

1Stanford University, 2University of Nebraska and 3Massachusetts
Institute of Technology

e A planningmethodologys studied Hates
for alaboratoryclimbing robot
2 Grab (

Leg
Weaest Open
Peg

e Designof a biped robot with 15
dofs (lower partonly)

e Plansareassembleffom basicactions

e Originalities mechanicastructure andconsidephysicalconstraints

controlalgorithmsandarchitecture
e An experimentallyimplementedlimbing

e Results 2robotsbuilt; they move. gateis produced

Mave Body Up

e Testbedor furtherstudiesn locomotio

e The methodproducesphysically
andposture

realizableplans

LIBRA Action Modules

Analysis and synthesis of human motion from external
measurements
B. Dariush!, H. Hemami? and M. Parnianpour?
'Honda R&D Americas, Inc. and 2The Ohio State University

e Themotivationis to developanaccuratenethodfor estimating
humanjoint momentsfrom motioncapturedata

e Thetechniques basedinearquadratioptimalcontroltheory

e Theexperimentalresultsfor a five sggmentsagittalhuman
modelperformingalifting taskarepresented

¢ Thealgorithmis robustin trackingthe measurediata
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Contr ol and Applications 2
Chairs: William Hamel, Krzysztof R. Kozlowski

Robust and Efficient Motion Planning for a Planar Robot using Impedance Contr ol for Industrial Robots
Hybrid Contr ol G. Ferretti, G. Magnani, P. Rocco, F. Cecconello and G. Rossetti
A. E. Quaid and A. A. Rizzi Politecnico di Milano

Carnegie Mellon University

laser sensor

=2
|

e Motivationfor controller-based - =
motion planning

o Impedance control for an elastic
joint
e Systemdescriptionfor planar e Theroleof Coulombfriction

robot e Animpedance controller for

e Controller derivation amulti d.o.f. manipulator

. . e Experimenta resultsand conclusions
e Simulation results per

granite slab

A New Class of Control Laws for Spacecraft Attitude Tracking On Satellite Vision-aided Robotic Experiment
using Switc hing and Trajector y Rescaling Maarten Vergauwen, Marc Pollefeys, Tinne Tuytelaars and Luc Van
P. Arambel' and V. Manikonda? Gool
!Scientific Systems Co., Inc and 2Intelligent Automation Inc. Katholieke Universiteit Leuven

e Objectiveisto achieve robust attitude
tracking in the presence of input
constraints

Discussion of experiments

on ETS-VII
e A quaternion feedback controller

+ switching strategy is presented
to achieve globally exponentially
stable tracking

On-lineand off-line calibration
procedures

Vision-aided robot guidance
e Thecontroller overcomes problems experiments
associated with turn-around near

the unstable equilibrium

e Advanced uncalibrated computer-vision

agorithms
o Reference trgjectory rescaling is
used for tracking with input constraints
A Value Measure for Data to Control Sensing and Motion Robust and Time-Optimal Contr ol Strategy for Coarse/Fine
Processes Dual-Stage Manipulator s
P. A. L. Silverthorne! and H. Stephanou? S. J. Kwon, W. K. Chung and Y. Youm
'HelpMate Robotics, Inc. and 2Rensselaer Polytechnic Institute Pohang University of Science & Technology (POSTECH)

e Fast and Precise Tracking
adopting Coarse/Fine actuation.

e Software Architecturefor Mobile,
Armed, Sensate Robot

e A Smooth Sliding Control
Strategy.

e Data's

e Simple (autonomous) Mobile
Robot example illustrated e Null Motion Control based

) on Dynamic Consistency.
e Extensionto advanced platform,

more senses/actuators

e Experimental Simulation Results.
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Human Robot Cooperation
Chairs: Gordon Cheng, Katsushi Ikeuchi

A Robotic Co-operation System based on a Self-organization
approached Human Work Model - Assembling Work Support by
Vision information and Physical Interaction-

Yasuhisa Hayakawa, Tetsuya Ogata and Shigeki Sugano
Waseda University

e Robots Supporty Understanding
HumanBehavior

e Constructiorof Work Process
Modelby ObservingHuman
Behavior

e RoboticSupportSysterrbased
ontheWork Procesodel

e Highly FriendlyCooperation
withoutSacrificingPerformance

Friendly Interface for Objects Selection in a Robotized Kitchen
A. Casals!, X. Cufi?, J. Freixenet?, J. Marti? and X. Munoz?
!Polytechnical University of Catalonia and 2Universitat de Girona

CAPDI: A modularadapteditchen
for thedisabledandelder

A visionbasedriendly interface
isnecessarjo controlarobotic
armandotheradaptedtlements

Computewision supportswo
differentcompatibleandcomplementar,
methoddor objectselection

WOOL: Mg

VG TE ArTan

Theinterfaceis amenudriven E |_| |’| |'| I ‘ I | I o

screenhaving asinput device
a4 keys keyboard

. )K|

Infant Behavior Recognition System Based on Pressure
Distribution Image
T. Harada, A. Saito, T. Sato and T. Mori
The University of Tokyo

Thereis increasingconcernabout
aninfantcaresystenrecently

—
o Wedevelopedanovelinfantbehaior T
recognitionsystenbasednapressur t
distritution image R B

9

Infants status postureand body
partspositionscanberecognized

|
X

Our systemcanbeusefulfor care

systemsuchasanautomatigrowth
. . 01 i ! iz
recodingsysterror aSIDSprevention Lyinginfant's posture Recognizedposture

system
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Human-Robot Cooperative Manipulation Using a Virtual
Nonholonomic Constraint
Hirohiko Arai', Tomohito Takubo?, Yasuo Hayashibara® and Kazuo
Tanie!
!Mechanical Engineering Laboratory, 2University of Tsukuba and
3Toin University of Yokohama

N

e Roboticassistancéor planarhandling
of alongobject

e Virtualnonholonomiconstraint
equialentto awheel-barras

e No sideslipandcontrollability
to ary position/orientaiton

Virtual

e Simpleandintuitive maneuer Wheel

for thehumanoperator
(Top View)

Symbolic Generation of Trajectories for Skill Generation
H. Tominaga!, J. Takamatsu!, H. Kimura? and K. Ikeuchit
'The University of Tokyo and ?University of Electro-Communications

Manipulationskill

Analyzingcontactrelation

Decompositiorof dimension

Designingsub-skills

The RoboCup-Rescue Project: A Robotic Approach to the
Disaster Mitigation Problem

S. Tadokoro!, H. Kitano?, T. Takahashi®, I. Noda*, H. Matsubara*, A.

Shinjoh?, T. Koto®, 1. Takeuchi®, H. Takahashi?, F. Matsuno®, M.

Hatayama?, J. Nobe® and S. Shimada!®
LKobe University, 2ERATO Kitano Symbiotic Project, 3Chubu

University, “Electrotechnical Laboratory, ®International Academy of

Media Arts and Sciences, SUniversity of Electro Communication,
"Port and Harbor Research Institute, 8Tokyo Institute of Technology,

Mitsubishi Research Institute and °Chukyo University

e Robotics& Al contrilution to
emepgeny disasterespons@roblem

e 4 projects simulation robotics
& infrastructureintegration and
operation

 Stratgic agentplanning andintegratior,§ ’,
of virtual world andreality L

e Grandchallengdor international
cooperatie research



