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Session: MoP1-1 Monday, April 24t 14:40-16:20, Parlor 1

Path Planning
Chairs: Greg Chirikjian, Zvi Shiller

Randomiz ed Planning for Short Inspection Paths
T. Danner and L. Kavraki
Rice University

A new potential field method for robot path planning
Yunfeng Wang and Gregory S. Chirikjian
The Johns Hopkins University

¢ Pathplanningof non-sphericasinglebody

Pathplanningfor mobileobserer

Implementatiomresultsin two

; i e Reducea searchon RnXSO(r) to oneon
andthreedimensions

Rnfollowedby a searchon SO(n).

robots
robots ‘
« Inspectiorpathsfor known _ ‘ <« i . Modelthe_artific_ial potentialfield using_heat
environments /] N o transfemwith variablethermalconductvity .
e Visibility constraint®nrange - v . - I ¢ Proposepathoptimalitymethodusingthe
andincidence NN concepbf heatresistance .

Obstac le Traversal for Space Exploration
Zvi Shiller
University of California, Los Angeles

Virtual Obstacle Concept for Local-Minim um Recovery in
Potential-Field Based Navigation
Liu Chengging!, Marcelo Ang Jr.!, Hariharan Krishnan! and Lim Ser
Yong?
!National University of Singapore and 2Gintic Institute of
Manufacturing Technology

FARobot: Nomad(1) =1

e Localminimaproblemin reactve s v
motion planning using potential

Traditionalobstacleavoidance
failsto climb overobstaclesvhen

necessary
field | I /° o Adeterministidraversabilitymeasure
i i -_l isintroducedhatconsidersafe
e Virtual obstaclescreatedduring | y / speedslongtheterrain

encounterswith concae-shape(
obstacles

Theoptimalpathis foundby a
globaloptimizationthatconsiders
robotdynamicsandterraintopography

e Heuristicsfor gettingoutof traps =

The optimal traversal path is
generallysaferthantheshortest
path

GORTAGTGNTE) TRC000030, 000720
Esibo3753 12100001501 S=00¢ 10905
ELA02750 Y-s00001280 =60 1005

e SimulationresultsonNomad200

RRT-Connect: An Efficient Approach to Single-Quer y Path
Planning
J. J. Kuffner Jr.! and S. M. LaValle?
IStanford University and 2lowa State University

ERPP: An Experience-based Randomiz ed Path Planner
S. Caselli and M. Reggiani
Universit di Parma

. _ _ . Human Arm (7 DOF) e multiple pla_nnlngtasksm
e Practicakearclof high-dimensione thesameervironmentoften
C-spaces needed
e Randomize@pproacttombining e heuristicplanner& random ///
bidirectionaRRTs&: greedy competition exploit experience 7 -
heuristic P nexp P T
. e remarkableeductionin planning ///;4*”"/ s

Experimentsncludeinteractve
task-level charactemnimation

Fast,generatechnique

time andvariancevs. RPP

benefitoof combiningpotential
field androadmap

Computed asks




Session: MoP1-2

Mapping

Monday, April 24t 14:40-16:20, Parlor 2

and Localization 1

Chairs: lllah Nourbakhsh, T. Tsubouc hi

A Computationall y Efficient Solution to the Simultaneous
Localisation and Map Building (SLAM) Problem
Gamini Dissanayake
University of Sydney

Robotlocationwithoutapriori
maps Features and LAnd\ml:kl —_—

Vehicle-Feature Relative
Observation

o Efficiengy throughfeatures
with mostinformation

Mobile Robot

e Experiment®nindoorrobot
with alaser

Progressowardsreal-time
SLAM

Appearance-Based Place Recognition for Topological
Localization
Iwan Ulrich and lllah Nourbakhsh
Carnegie Mellon University

e TopologicalLocalizationindoors 5
andOutdoors

o HistogramMatchingof Panoramicf:
ColorImages

e CorrectConfidentClassifications
87-98

e IncorrectConfidentClassification
0

Using Multiple Gaussian Hypotheses to Represent Probability
Distrib utions for Mobile Robot Localization
D. Austin and P. Jensfelt
Royal Institute of Technology

Multiple gaussiamypotheses
areused

‘ =

Treeof dataassociatiomlecisions ‘

Algorithmsfor treepruning
presented

- LAF . b

Resultsaregivenillustrating R,
effectiveness f

o
A

An Indoor Absolute Positioning System with No Line of Sight
Restrictions and Building-Wide coverage
E. Prigge and J. How
Stanford University

e Provides'go-arywheré freedomr
for mobilerobots

e Beaconsnstalledthroughout
building createmagnetidields

o CDMA techniquespplied

o Initial experimentabccuray
of 2.5cm,2.5degrees

Robust Place Recognition using Local Appearance based
Methods
G. Dudek and D. Jugessur
McGill University

e Makingappearanchasedecognition
(usingPCA) morerobust

e Recognitionis performedn
thefrequeny domainusing
multiple sub-windavs (eigenwindavs).

Scencesaindroomscanbe
recognisedvith varyingbackgrounds
irrespectie of planarotations
andunderoccludecconditions

Promisingresultsareobtained
usingtheproposednethods
PCAis mademorerobust

Invariant Filtering for Simultaneous Localization and Mapping
Matthew C. Deans and Martial Hebert
Carnegie Mellon University

e Localizationand mapping
fromlandmarkbearingsand
odometry

e Duallocatiorr andrelation-base
representations

e Computatior& memorylimited
by enforcedndependence

e Resultsshavn for simulated
andrealernvironments



Session: MoP1-3

Monday, April 24t 14:40-16:20, Parlor 3

Grasping and Manipulation
Chairs: Nikos Papanik olopoulos, K. Yokoi

Intellig ent Soft Contact Surface Technology with MEMS in
Robotic and Human Augmented Systems
Geng Wang and Imin Kao
SUNY Stony Brook

IntroduceSmartAnthropomorphi

ContactSurfaceTechnology MEMS Valve
(SACST) g
in SACST
SACSTwith MEMSin Robotics P
andHumanAugmentedSystems ‘ \
. |

Applicationof RoboticsResearc
Resultsof SoftContactand
Pressuréo SACST

OngoingResearciResults
andConclusions

A Sufficient Condition for Manipulation of Envelope Family

Makoto Kaneko, Kensuke Harada and Toshio Tsuji
Hiroshima University

Motivatiort Manipulation of
anobject( orbody) in ervelope
style

Approach Combinatiorof position
andtorquecontrolledchains

Problem Givenadesiredmotion
obtaina setof joint torque

Envelope family

Result: A sufiicientcondition
for moving anobjectalongchains

Event-Driven Parts Moving in 2D Endog eneous Environments

e ProblemStatement
e Proposeddpproach
e ExperimentaResult$§
e Conclusion ‘

C. S. Karagoz!, H. I. Bozma! and D. E. Koditschek?
1Bogazici University and 2University of Michigan

Unkno wn Object Grasping Using Statistical Pressure Models
Doug Perrin!, Christopher E. Smith?, Osama Masoud' and Nikolaos
Papanikolopoulos!

MUniversity of Minnesota and 2University of Colorado

Graspingof objects

Region growing shales to
find objectcontoursandsimple
heuristicdo computegrasp
pose

e Graspofavarietyof planar
projectionobjectsareshavn.

Regiongrowing dynamiccontours
have maturedto the point
wherethey are useful for
real-timevisionandcontrol

A New Approach to Motion Planning for Disc-Shaped Robots
Manipulating a Polygonal Object in the Plane
A. Sudsang and J. Ponce
University of lllinois

Dynamic Simulation for Grasping and Whole Arm Manipulation
P. Song, M. Yashima and V. Kumar
University of Pennsylvania

o Difficultiesin dynamicsimulations
of frictional grasps

e Discussiorof differentcontact
models

approactihatcombines.CP
modelandcompliantcontact
model

e Simulationresultsof whole
armgrasps



Symposia: MoP1-4 (S) Monday, April 24t 14:40-16:20, Ballroom 4

Kinematics
Organizers & Chairs: Jean-Pierre Merlet, Joel Burdick

Kinematics’ not dead!
J-P Merlet
INRIA, Sophia- Antipolis

Self-Motions of Friffis-Duffy Type Parallel Manipulator s
Manfred Husty! and Adolf Karger?
!Montan University Leoben and 2Charles University

e Self-motionof aparallelmanipulatorasshavn
in thefigureto theright, is definedasfinite
mobility whenall actuatorsrelocked Manipulators
having this featureare of limited practical
use

¢ Position paperon the use
of kinematics

» Usingkinematicmappingwe shaw thatthis
speciatypeof Stevart-Gouglplatformhas

e -still mary openproblem
aselfmotionin every pointof its work space

e -for imprwingtheperformancek =
of robots

« Thedgreeof selfmotionis cruciallydependent
ontheleg parameterandthereforeonposition
and orientationof the platform It canbe
from degree4 to degree40.

 Itis believedthatanenumeratiorof critical
casess essentiafor futuredesigrof parallel
platforms.

Non-Intrinsicity of References in Rigid Body Motions
Stefano Stramigioli and Herman Bruyninckx
Delft University of Technology

Kinematic Transformations for remotel y-actuated planar
contin uum robots
lan A. Gravagne and lan D. Walker

Clemson University

¢ ExamineMultiple-Section

e Coordinate-fre¢reatement ContinuousBackboneRobots

of rigid body motions (f-,{‘)* e DiscussRedundangResolutio

Techniques

e Apply Wavelet Theory to
Aid in the ShapeControl
Problem

e “Not intrinsicity” of reference y/

i Ady,

e Generatommutatiordiagram :*
explainingresult (” 1)
h

* Relationwith Lie Groups ¢ SimulationResultsandimages

of PrototypeRobots

Kinematic design of a humanoid robotic shoulder comple x
J. Lenarcic!, M. M. Stanisic? and V. Parenti-Castelli®
1The "Jozef Stefan” Institute, 2University of Notre Dame and
3University of Bologna

e A parallelmechanisnis usedwhich
replicateghefunctionof thehuman
shoulder

e An experimentalmechanismwas
developedpossessindour driven

legs

o |t providestheshouldefflexion, abduction
longitudinalrotationandelongation




Symposia: MoP1-5 (S)

Monday, April 24t 14:40-16:20, Ballroom 5

Mechanisms
Organizers & Chairs: Shigeo Hirose, Victor Scheinman

Robots | have Known
Victor Scheinman

FromAlien Robotsto Robot
Worlds

Bernie John Joe Marvin

Senos SensorsSoftware
Systems

ARPA - Applications- Automation
- Automatix

Scaling of Robotic Mechanisms
K. J. Waldron and C. Hubert
Ohio State University

Designingfrom similarsystem:
Biomimeticimplications

Geometric& kinematicscaling

=

Scalingactuatoperformance

Mechanism Synthesis Theory and the Design of Robots
J. Michael McCarthy
University of California, Irvine

Coupled and Decoupled Actuation of Robotic Mechanisms
Shigeo Hirose and Keisuke Arikawa
Tokyo Institute of Technology

Introductionof Coupledand
DecoupledActuation or CDA.

Maximizationof roboticperformanct
by CDA.

Exampleof optimalmechanical
designby CDA.

Examplef optimalmotion
controlby CDA.

A Mechatronics Approach to the design of light-weight arms
and multifing ered hands
G. Hirzinger, J. Butterfass, M. Fischer, M. Grebenstein, M. Haehnle,
H. Liu, I. Schaefer and N. Sporer
German Aerospace Center (DLR)

e Introduction

e DLR’slight weightrobotconcepts
includingprogrammablémpedance
the secondgenerationis available
now

e Developmenbf four-fingeredhands
(DLR handsl andll), integrating
twelve actuators

e Resume

TerminatorBot: A Robot with Dual-Use Arms for Manipulation
and Locomotion
Richard Voyles
University of Minnesota

Small,resource-constraide
robotsrequireinnovation

Dual-usdimbs provide manipulatio
andlocomotion

Novel gaitswerecreatedor
thenovel mechanism

Locomotiondemonstrated
adaptve manipulatiorunder
investigation



Symposia: MoP1-6 (S)

Monday, April 24t 14:40-16:20, Ballroom 6

Architectures
Organizers & Chairs: Eve Coste-Maniere , Reid Simmons

Architecture , the Backbone of Robotic Systems
E. Coste-Maniere! and R. Simmons?
'INRIA Sophia Antipolis and 2Carnegie Mellon University

ARCHITECTURE Tomanage
thecomplexity of roboticsystems

SPECIFICAION: Modularity
& reuseprogrammingernvironment s
— VALIDATION: Test&
verification

EXECUTION: Real-time
autonomy/decisigmeliability,
interactions

TRENDSFORTHE FUTURE
Systemintegration& standards

PredN : Achieving efficienc y and code re-usability in a
programming system for comple x robotic applications
O. Stasse and Y. Kuniyoshi
Electrotechnical Laboratory, ETL

Real-time distributedarchitectures

LN

portabilityandcodere-usability =~ ===

Social Potentials for Scalable Multi-Robot Formations
Tucker Balch and Maria Hybinette
Carnegie Mellon University

RecetRelond | StartRemme rauee |

¢ New classof potentialfunctions
for groupnavigation

e Enableshomogeneousrge-scalt
formations

¢ Integratedwith othernavigational
behaiors

¢ Demonstrateth simulation

Around the lab in 40 days...

Rachid Alami, Raja Chatila, Sara Fleury, Matthieu Herrb, Felix
Ingrand, Maher Khatib, Benoit Morissett, Philippe Moutarlier and
Thierry Simeon
LAAS/CNRS

e LAAS: LAAS'Architecturefor Autonomous

Applicationmodelwhichavoids

overspecificationgeneraplatform . L
modeFI)ization g b o o A functionnalanda decisionalevel
e LN — . .
Real-timevisual attention ¢ Example implementatiorof a robust
= o
system 70uslateny between navigationsystem

objects

Trade-of betweersoftware
generalityandpuremodelization

[ o

WI““;“{ ‘o — t',: = .

System

e Contritution: conceptsand software
tools

Using Model Checking to Guarantee Safety in
Automaticall y-Synthesiz ed Real Time Controller s
David J. Musliner, Robert P. Goldman and Michael J. Pelican
Honeywell Technology Center

Motivationt Mission-criticalautonomous
systemgUAVSs, spacecrajt

Approach Automaticallybuild guarantee
real-timecontrollers on-line

Details Plansareverifiedusingmodel
checkingtechniques

Result Novel applicationof formal
methodsyields reliable self-adaptie
controllers



Session: MoP1-7 Monday, April 24t 14:40-16:20, Parlor 7

Micro Robots
Chairs: Fumihito Arai, Il Hong Suh

Biomechanics and Simulation of Cricket for Microrobot Design A Micro Operation Hand and its Application to Microdrawing
S. Laksanacharoen, A. J. Pollack, G. M. Nelson, R. D. Quinn and R. Tatsuya Nakamura, Yoshiyuki Kogure and Koichiro Shimamura
E. Ritzman Tokyo Metropolitan University

Case Western Reserve University

e Biologically basednicrorobot
design e Developmenbf Force-Controllabl
Micro-OperationHands

e High-speedvideo analysis
of cricket leg structureand
movement

Useof MagneticSuspension
Technology

Appliedto Micro Drawing
UsingOneFingerSubsystem

e Derivationof threedimensional
patternsof leg movements

e Simplificationof animallegs Characteristicef theSystem
for robotmaintainingumping wereAnalyzed
andwalkinglocomotioncapability

Fully Programmable MEMS Ciliary Actuator Arrays for _ Design of a Cricket Microrobot
Micromanipulation Tasks M. C. Birch, R. D. Quinn, C. Hahm, S. M. Phillips, B. Drennan, A.
J. W. Suht, R. B. Darling?, K. F. Bohringer?, B. R. Donald?, H. Fife, H. Verma and R. D. Beer
Baltes* and G. T. Kovacs! Case Western Reserve University

IStanford University, 2University of Washington, *Dartmouth College
and ‘ETH Zurich

e Manipulationwith individually e Designatwo-inchrobotthat
addressabl®IEMS actuator canwalk andjump.

arrays
e Usecricket for inspiration

¢ IntegratedCMOSandpolyimid in therobots design

thermalbimorphactuators

e Distributedmanipulatiorwith

programmabléorcefields Top o wtanaition o a X e o wassuccessful
Bottom row: centering in a squeeze field.
. Comple( manipulatiortasks www.ee.washington.edu/research/mems/Projects/CiliaArrays ° TeChnOlOgieSleededor rObOI
positioning orienting ... have beentested
The Effect of Material Properties and Gripping Force on Planning a Microassembly Task in a Flexible Microrobot Cell
Micrograsping Sergej Fatikow, Airat Faizullin and Jorg Seyfried
Yu Zhou and Bradley J. Nelson University of Karlsruhe

University of Minnesota

e Microrobot-basedssembly
of hybrid microsystems

e Bottom-upassemblylanning ‘
usingspecificcriteria

e Assemblyplanningof the =
worldwidesmallesmicromotor %=
e Automationof microassembly
by flexible microrobots




S

ession: MoP1-8

Monday, April 24t 14:40-16:20, Parlor 8

Manufacturing System Design
Chairs: Tamio Aral, N. Viswanadham

Using Assembly Scoring as an Entry into Production Line
Design
R. Guptill and M. C. Cheng
Adept Technology, Inc.

Shortemproductioncyclesdeman
betterplanningtools

ProductDesignerganinfluence
productionline design

Sory DAC assemblycoring
systemis well established

Integrationwith Line simulator

speedsipfinal line design

Design Criteria for Developing an Automated Live Bird Transfer

System
Kok-Meng Lee
Georgia Institute of Technology

» Therepetitie taskof transferringiive objects which typically
characterizedby varying sizesand shapes and have natural
refleces

to processof
i

damageor stress

birds

o T flexible fi

totrade-of
for arangeof sizevariation

Ive i 120
novice broil apoultry i
effects of key designparametersndto evaluatethe system

T

andinitial

« The designprinciplesfor developing an automatedive-bird
Alongwith

ofkey
the systemwas experimentallyevaluatedusing live broilers
The systemhasthe ability to accommodate limited range
of varying sizes shapesand somenatural bird's reactionto
grasping

Design of Synchronized Supply Chains: A Six Sigma
Tolerancing Approach
Y. Naraharit, N. Viswanadham? and R. Bhattacharya!

!Indian Institute of Science and 2National University of Singapore

10

A Framework for the Development of Agile Manufacturing
Enterprises
R. Kolluru, S. Smith, R. Loganantharaj, T. Chambers, G.
Seetharaman and T. D’Souza
University of Louisiana at Lafayette

e ControlandCommunications
framework for manuficturing
enterpriseagility

e Distributedintelligence/ information
framevork

e CORBA/Java/ KQML and
XML

Flexible Transport System by Cooperation of Conveyer-Loaded

AGVs
Jun Ota, Kousuke Inoue, Ryousuke Chiba, Tomokazu Hirano and
Tamio Arai
University of Tokyo
¢ A new modulefor flexible Iieported
. . i —— object

materialhandling
e A moduleintegratingacorveyer = il

andanAGV
e Hand-weroperatiorbetween

v

thetwo modulego avoid deadlock

Transporsimulationof model
factoryervironments

Automated CAD-Guided Automobile Part Dimensional
Inspection
W. Sheng!, N. Xi!, M. Song?, Y. Chen? and J. S. Rankin 1112
!Michigan State University and 2Ford Motor Company

"

Camergositioningfor part
dimensionalnspection

Novelapproacttombining
generate-tesindsynthesis
methods

Experimentaévaluationusing
automobileparts

Straightforvardandeasyto
implementwith low computationa
cost



Session: MoP1-9 Monday, April 24t 14:40-16:20, Parlor 9

Space Robots and Rovers
Chairs: Richard Volpe, Kazuo Tanie

State Identification for Planetary Rovers: Learning and Autonomous Satellite Capture by a space Robot
Recognition Noriyasu Inaba and Mitsushige Oda
Oliver Aycard! and Richard Washington? National Space Development Agency of Japan

!Leibniz-Imag and 2NASA Ames Research Center

o Highly requiredsatellitecapturing
techniquen space

e SpacexperimentonJapanese
satellite

e Successfulesultsof automatic
captureusingvisualseno

e Thedemonstratetechnique
appliedfor futuremissions

On-Boar d Real-Time State and Fault Identification for Rovers On-boar d Task Scheduling Algorithm for Spacecraft
Richard Washington 1. J. Jeong!, G. Papavassilopoulos! and D. S. Bayard?
NASA Ames Research Center tUniversity of Southern California and 2California Institute of
Technology

Rovers mustinfer statefrom
noisy, continuousiatawith limited
computation .

Combinatiorof KalmanFilters
andPOMDPbelief states

PrototypeesteconMarsokhod
planetaryroverwith brokenwheel &5
gear ;

Computationallyefficienthybrid
stateidentificationmethod

Dynamic Tool Vectors for Robo-Centric Contr ol Recent Progress in Local and Global Traversability for
C. R. Carignan, D. L. Akin and J. Corde Lane Planetary Rovers
University of Maryland S. Singh, K. Schwehr, R. Simmons, T. Smith, A. Stentz, V. Verma
and A. Yahja

Carnegie Mellon University

Free-flyingrobotsneeckinematic
stratgy which is independent
of vehiclestate

Dynamictool vectorsallow tool
andbaseto switchroleswithout
redefiningcoordinates

Simulationandexperimentshov
strat@y is effective for video/grapple
armoperations

Variabletool vectorsallow arms
to functionin multiplerolesin
robot-centeredoordinates

11



Session: MoP2-1

Monday, April 24t 16:40-18:20, Parlor 1

Autonomous Robots
Chairs: Hajime Asama, Maria Gini

World Modeling and Behavior Generation for Autonomous
Ground Vehicles
S. Balakirsky! and A. Lacaze?
!National Institute of Standards and Technology and 2University of
Maryland, College Park
¢ Designof a coursevehicle
motion plannerfor UGV’s
overroughterrain

o A descriptionof ourworld
modelis presented

e A descriptiorof ourbehaior
generatois presented

¢ Realvehicleimplementation =
resultsarepresented

A Motion Generation Approach for an Onmidirectional Vehicle
I. Paromtchik and H. Asama
The Institute of Physical and Chemical Research (RIKEN)

e MotivationandObjective

e TheMobile Robotandlts Control
Architecture

e Proposed/iotion GeneratiorApproach

e ExperimentaResults

Sensor Resetting Localization for Poorly Modelled Mobile
Robots
Scott Lenser and Manuela Veloso
Carnegie Mellon University

e Localizationof poorlymodelled
limited CPUrobotsis hard

o Approach adderrordetection
andrecoverytolocalization

§
AN

e Results quick, robustlocalization -
despiteerrorsin model =

e Errorrecoveryincreasesobustnes: =
anddecrease€PUcost o \ .

12

Design, Experiments and Motion Planning of a Spherical
Rolling Robot
S. Bhattacharya and S. Agrawal
University of Delaware

A localization method based on two omnidirectional perception
systems cooperation
A. Clerentin, L. Delahoche, C. Pegard and E. Brassart
Institut Universitaire de Technologie - Amiems

e An absolutdocalizationparadigmis reported
e |t is basednthe cooperatiorof two sensors

e - anomnidirectionalvision systemcomposedf
aconicalmirror anda CCD camera

e - alow costpanoramiaangefindersystem

Nonholonomic Motion Planning for Mobile Manipulators
Herbert Tanner and Kostas J. Kyriakopoulos
National Technical University of Athens

@

e Nonholonomianotionplanning
for mobile manipulators N X :

st

=l
.

o Discontinuougeedbackaw
with potentialfields ,

e Numericalsimulations »

e Realtime implementation
issues o

Il poston




Session: MoP2-2

Monday, April 24t 16:40-18:20, Parlor 2

Space and Underwater Robots
Chairs: E. Freund, Nilanjan Sarkar

Application of Automatic Action Planning for Several Work
Cells to the German ETS-VII Space Robotics Experiments
E. Freund, K. Hoffmann and J. Rossmann
Universitat Dortmund

Intuitive ControlandSupervision
of therobotarmERA

Virtual Reality, Action Planning
andMulti-Robot-Control

Simultaneousontrolof multiple
virtual andrealrobots

Improvementof theoperability

Fault Tolerant Control of an Autonomous Underwater Vehicle
Under Thruster Redundanc y: Simulations and Experiments
T. Podder, G. Antonelli and N. Sarkar
University of Hawaii at Manoa

e Faulttolerantcontrolof an
AUV

e Weightedpseudoimersetechniqus

e Simulationandexperimental
results

e Successfutracking of the
trajectorywith two thruster
faults

A Unified Force Control Approach to Autonomous Underwater
Manipulation
Y. Cui and N. Sarkar
University of Hawaii at Manoa

A unifiedforcecontrolschemédor
anautonomousindervaterrobotic
systemis proposed

Fuzzy switching is emplg/ed to ! ST
combinethetwo forcecontroloutputs ‘

SimulationresultsindicatethatUVMS R 2T e
can contactwith the undervater ?

ervironmentin astablenanneand

follow thedesiredorcetrajectory ot i
by thesamecontroller T lﬁ'
B - T

A unifiedforcecontrolschemelevelopec
canbeusedfor undervatermanipulation

13

Exact Tracking Contr ol for an Autonomous Helicopter in
Hover-like Manouver s
R. Mahony and R. Lozano
Univeriste de Technologie de Compiegne(UTC)

e An IdealizedDynamicModel of a Helicopter
¢ An EquivalentModelin Block PureFeedbackorm
e FeedbaclControlto obtainExactTracking

e Conclusions

Active Multi-Model Contr ol for Dynamic Maneuver Optimization
of Unmanned Air Vehicles
D. Godbole, T. Samad and V. Gopal
Honeywell Technology Center

Problem Developdynamic
maneueroptimizationalgorithms
for UAVs

Solution Wavelet-basednulti-resolutior
maneuer optimization :

Useof evolutionarycomputing
& interiorpointbasedptimization Dynamic re-optimization

. of UCAV missions as
techniques unforescen situations arisc
- focus on real-time and high-

performance control

Allowsincrementabptimization
Neartermtrajectorycanbe
designedvith detailedmodels

Mission Path Follo wing for An Autonomous Unmanned Airship
J. Azinheira, E. de Paiva, J. Ramos and S. Bueno
Informatics Technology Center, Brazil

In thisarticle, theauthorgproposewo
novel stratgiesfor guidancecontrol
of anunmanneairship

Thefirstoneis basednanH-infinity
controltechniqueandthesecondne
is basedn PI control

Simulatedcasestudieshawv thatboth
approachesxhibit similar pathtracking
behaior.

The H-infinity controller presentsa
superiomperformancevith respecto
disturbanceejection



Session: MoP2-3

Monday, April 24t 16:40-18:20, Parlor 3

Control 1
Chairs: Roberto Horowitz, Tzyh-Jong Tarn

On the Nonlinear Control of Hydraulic Servo-systems
M. R. Sirouspour and S. E. Salcudean
The University of British Columbia

Positiontrackingcontrolof hydraulic
actuatorss addressed

Nonlinearcontrollersdeveloped
usingbackstepping

Valve Cylinder | ‘

Simulationandexperimentsf g
theschemegpresented

Provably stablemethodwith load
betterperformancehanPD XI
mg

Backlash Compensation in Discrete Time Nonlinear Systems
Using Dynamic Inversion by Neural Networks
J. Campos, F. L. Lewis and R. Selmic
The University of Texas, Arlington

Backlashis acommonproblem
foundin controlactuators

Dynamicinversionby neural
networks

Simulationsshav bettemperformanc
over standard®D

On-linetuning,stabilityanalysis
andsmalltrackingerrors

Channel Algorithm of Transversal Passing Through
Singularities for Non-Redundant Robot Manipulators
Ignacy Duleba
Wroclaw University of Technology

Findaneffective methodto pass
smoothlythroughsingularconfigurations

Thechannehlgorithmenables I
tojumpthroughsingularityand
usesabasicNewtonalgorithm
only. ThemodifiedSVD algorithm
isusedo checksuccessfupassing

Singularity region

Simulationsonthe2-pendulum
andthe PUMA robot

Thealgorithmenableso smoothly
pasghroughsingularconfigurations
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e SimulationResultof aTwo-link

e A new discontinuougontrol

e Experimentsor acomplete

e Stabletransitionwith improved

Simulation of Conservative Congruence Transformation:
Conservative Properties in the Joint and Cartesian Spaces
Shih-Feng Chen and Imin Kao
SUNY Stony Brook

o Nonconserative Conventional

Formulationof RobotGrasping Btencsd Conguencs Transtmaton
UnderStiffnessControl X
e Conserative Congruencdransformatiol j "\ ’,/ : amsia"\
Joint Space | (geometry)
(ccn K k] o

Geom

// / ’ 9 "”’ "
PlanarManipulator SNt g [} lx]

- e
N
Ky

e TheCCTIstheCorrectMapping ome Stended Congrerce Tenshmator

for StiffnessControlin Robotics

A 3-Step Set-Point Control Algorithm for Robot Arms
N. H. Quach and M. Liu
Monash University

Design and Experimental Evaluation of a Stable Transition
Controller for Geometrically Constrained Robots
P. R. Pagilla and B. Yu
Oklahoma State Universtiy

e Robottransitioncontrolfrom

freeto constrainednotion

Two-link manipulator

algorithmis proposed

constaint [
Surface

robot task with constraint
uncertainty

performances achieved



Symposia: MoP2-4 (S)

Monday, April 24t 16:40-18:20, Ballroom 4

Range Sensing

Organizers & Chairs: Martial

Active and Passive Range Sensing for Robotics
Martial Hebert
Carnegie Mellon University

Surwy of currentirendsand
resultsin the areaof range
sensingincluding

Time of flight ranging

Passve stereo

Active triangulation

Imaging Laser Scanners for 3-D Modeling and Surveying
Applications
D. Langer!, M. Mettenleiter?, F. Haertl> and C. Froehlich?
1Z+F USA, Inc. and 2Z+F Wangen, Germany

R

Introductionto LaserRadar
MeasuremenBystem

ProfilingLaserRadarDeflectio
System

ImagingLaserRadaDeflection
System

ApplicationResultsn Reverse
Engineeringandinspection

Hebert, Larry Matthies

Beyond Range Sensing: XYZ-RGB Digitizing and Modeling
Marc Rioux
National Research Council Canada

The3D digitizingandmodelingresearch
actiities atthe NRC laboratories

FromB&W to Color (Theuseof multi-wavelengthsy |
laser sourcesfor color digitizing in
3D)

From3D DataPointsto Geometry(The
useof modelingtechniqueso recorer
geometryfrom 3D datapointg

FromGeometryto Reflectancé/lodeling
(Color modeling using both the 3D
datapoints and the registeredcolor

datg 0 1999

Passive Night Vision Sensor Comparison for Unmanned
Ground Vehicle Stereo Vision Navigation
Ken Owens and Larry Matthies
California Institute of Technology

Motion estimation from laser ranging for autonomous comet

landing

Andrew E. Johnson and A. Miguel San Martin
California Institute of Technology

usingscannindaserrangefindedata

0.5mover 70mof descent
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To estimatespacecrafinotionduringcometlanding

Two testswereconductedvith datacollectedusing
alongrangescanning_IDAR. Thesetestsresulted
in a 4.4 Hz frame rate and a motion accurag of

Motion estimationfor cometlanding can be done




Symposia: MoP2-5 (S)

Monday, April 24t 16:40-18:20, Ballroom 5

Part Feeding and Fixturing
Organizers & Chairs: Ken Goldber g, Jeff Trinkle

The Toppling Graph: Designing Pin Sequences for Part Feeding
T. Zhang!, G. Smith!, R. Berretty?, M. Overmars? and K. Goldberg!
tUniversity of California, Berkeley and 2Utrecht University
e ThispaperextendsLynch'sapproach Belt Motion
tofeedingpartsonaconveyor belt Yaksd nj Comveyer

usingpins ‘s 4 /7

i 1z

¢ Weintroducedhetopplinggraph,
whichidentifiescriticalpinheight- il 2 “ “
s that permit toppling, and give 3 &
an O(n?) algorithmto compute ’ 7 B\
it.

f; f:

¢ WedevelopeanO(n3") algorith-
m for designingpin sequences. & 3

Modeling and Throughput Prediction for Flexible Parts Feeders
M. S. Branicky, G. C. Causey and R. D. Quinn
Case Western Reserve University

o Flex Feederskey technology
notwell understood =

e GSMPsimulation& analysis
for modeling/prediction

e Physicaltestso derve models
& validateresults

e Throughputpredictionfor
novel feedingscenarios

On Well-Defined Kinematic Metric Functions
Q. Lin and J. W. Burdick
California Institute of Technology

Metric functions scalarfunctions
of rigid configs, velocities& wrenches

Hole to be drilled

Utility : to assessobotic metric
attributes(e.g distancelength&

angle.

Approach intrinsiccharacterization
of objectvity of metricfunctions

e Results objectvity asrelatedto
frame-irvarianceandleft, right &
bi-invariances

‘Which fixture has smaller disp.?
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A Reconfigurab le Parts Feeder with an Array of Pins
S. Blind, C. McCullough, S. Akella and J. Ponce
University of lllinois

e Wepresent

e Wecomputepartequilibriumconfigurationg
their captureregions anda transition
graphfor planning

¢ A plannerandaprototypedevice with
68 pinshave beenimplemented

e The

An Implicit Time-Stepping Scheme for Rigid Body Dynamics
with Inelastic Collisions and Coulomb Friction
D. Stewart! and J. C. Trinkle?
LUniversity of lowa and 2Sandia National Labs

o Previouscomplementaritynethods
canlack solutions

o Newimpulsive methodalways
hassolutions

e Methodis corvemgentasstep-size
reduces

o Methodneedshoexplicit collision
checking

Positioning and Orienting a Class of Symmetric Parts Using a
Combination of a Unit-Radial and a Constant Force Fields
F. Lamiraux and L. Kavraki
Rice University

e Uniquelyorientpartsusing
forcefieldsin aplane '

ot
P

1.4

e Combinationof radial and -
constanforcefields

e None

e Somepartsuniquelyposec
upto symmetry



Symposia: MoP2-6 (S)

Monday, April 24t 16:40-18:20, Ballroom 6

Prototyping Design and Automation
Organizers & Chairs: Kok-Meng Lee, Tarek Sobh

New Trends in Prototyping Design and Automation
Kok-Meng Lee! and Tarek Sobh?
!Georgia Institute of Technology and 2University of Bridgeport

« This paperis written to provide an overview on Symposium
on New Trendson PrototypingDesignand Automationwith
an emphasion the following two subtopics (1) a review on

prototypir ) thetrends
o " ° YOnes

« This symposiumcontainsfive papers covering the topics of

ofd

vision
systemsandautomatedNA sequencing

« Theoverview paperpresentshe following two subtopics The
firsti for 1of atheoryfor i

systems The an
overview of machinevision prototyping designfor real-time
automatiorapplications

.« A
analyzing synthesizing monitoring and controlling discrete
addition Wi
vision systemto overcomethoseproblemsassociatedvith a
traditionalvideo-basedision system

Automating High-Throughput Fluid Sample Handling for
Biotechnology and Chemistry
Deirdre Meldrum
University of Washington
Automated high-throughpu(5000samples/8
hourg, reducectosts improvedquality,

reliable andreproduciblesystemfor
genomeanalysis

Useglasscapillariesandpiezoelectric

Firstgeneratiorsystencomplete 2nd
generatiorsystemin testing biology
produceds of highqualityandreproducible

Automatediuid handlingsystermrhas
beensuccessfullydeveloped It will
betestedsoonin large-scalegenome
centersto preparesamplesor DNA
sequencing

Prototyping Design and Automation of Micro/nano
Manipulation System
T. Fukuda and F. Arai
Nagoya University

e Thereis a greatdemandio manipulatemicroobjects Here
we classifiedthe micro/nanomanipulationand introduced
thebasicresearchopicsandfundamentatechnologies

e We presentwo examplesof prototypingof the micro/nano
manipulationsystemespeciallyfor biologicalapplications

Data Mining in Engineering Design: A Case Study
A. Kusiak and T. L. Tseng
University of lowa

o New computationaparadigm

o Dataandparametepredictior
e Noveldataminingalgorithm

e Accurateresults

An Approach to Rapid Manufacturing with Custom Fixturing
Mark Bloomenthal, Richard Riesenfeld, Elaine Cohen, Russell Fish
and Samuel Drake
University of Utah

e Automaticgeneratiorof process

planswith fixturing.

e Quickturn-aroundgor functional

machinedarts

e Prismaticpartswith 4 and
5 axisindexedfeatures

e Approach procesplantemplates




Session: MoP2-7 Monday, April 24t 16:40-18:20, Parlor 7

Actuators 1
Chairs: Michael J. McCarthy, Ken Waldron

Constrained Force Control of Shape Memory Alloy Actuators Force Controllable Hydro-Elastic Actuator
D. Grant and V. Hayward David Robinson and Gill Pratt
McGill University Massachusetts Institute of Technology

Experimentatesultsarepresented
to shav that SMA actuatorscan * Developaforcecontrollable

controlforcesrapidlyandprecisely hydraulicactuator

A forcetransductiormodelfor SMA
actuatords developedanda two
stageswitchingcontrolleris designed
usingthis model

e Controlthestrainof aseries
elasticelement

Low impedanceshocktoleranc
good bandwidthand high
power density

An antagonistigair thatweights
69 (mostof it is superfluoushas
apeakforceof 7 N. It canapply
forceundercontrolwith a0.5 o Excellentforcecontrolwith

large dynamicrange

Continuouperatiorwasalsoverified

Development and Analysis of Actuator With ER Damper Velocity Dependence of the Characteristics of Harmonic Drive
N. Takesue!, G. Zhang!, M. Sakaguchi', J. Furusho! and Y. Built-in Torque Sensing
Kiyosawa? M. Hashimoto!, T. Ishizuka?, I. Godler® and M. Horiuchi*
!Osaka University and 2Harmonic Drive Systems, Inc. 1Shinshu University, 2Kagoshima University, *Kyushu University and
“Harmonic Drive Systems, Nagano Japan
e Motivation
e Development
e Analysis
e EXxperiments
An Actuator Model of ICPF for Robotic Applications on the Modeling and Motion Control of an Actuator Unit using ER
Basis of Physicochemical Hypotheses Clutches
S. Tadokoro!, S. Yamagami', T. Takamori' and Keisuke Oguro? M. Sakaguchi, G. Zhang and J. Furusho
'Kobe University and 2Osaka National Research Institute Osaka University

e DevelopmenbfanActuator
Diffusion force (H,0) Unit Using ER Fluid

Accuratel CPFmodelingfor

roboticapplicationdevelopment g Olnw

Ix e GoodResponsgd_ow Inertia

andSafetyCharacteristics

Stresgeneratioomodelby
ionic motionin themembrane

e . _
Diff. force (Na™) Electrostatic e ForceandVelocityRespons

e High accurag ontransient o7 Olne P,
responsandnonlinearities Ox oE mo_delsof theER Actuator
~— nit
e CAD of soft gel actuators Viscous resistance force
for futureroboticdesign mw e ExperimentaResultof the

Motion Control
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Session: MoP2-9

Monday, April 24t 16:40-18:20, Parlor 9

Rehabilitation Robotics
Chairs: Atsuo Takanishi, Machiel Van der Loos

A Smart Walker for the Frail Visually Impaired
S. MacNamara and G. Lacey
Trinity College Dublin

Increasedmobility for peoplewith a
visualandmobility impairment

Highly maneuerablewith contet sensitve
userinterface

Rolustlocalnavigationwith probabilistic
featuredetector

Extensvely field testedn mary residential
facilitiesfor theelderly

Autonomous/Semi-autonomous Navigation System of a
Wheelchair by Active Ultrasonic Beacons
H. Seki, S. Kobayashi, Y. Kamiya, M. Hikizu and H. Nomura
Kanazawa University

NavigationAssistancdor WheelchaitUsers

PositioningSystemby UltrasonicBeacons

ThreeNavigation ModesUtilizing DetectedPosition

NavigationExperiments

DSP-Based Controller for a Multi Degree Prosthetic Hand
H. P. Huang and C. Y. Chiang
National Taiwan University

e Discriminatethe EMG features
. De/elopaDSP-basedontroIIe

e Provide87.5
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Step climbing using power assist wheel chair robot with
inverse pendulum control
Y. Takahashi!, S. Ogawa? and S. Machida!
!Kanagawa Institute of Technology and 2Kanagawa Technical High
School, Yokohama, Japan

Control Strategies for a Split-Wheel Car-Steering Simulator for
Upper Limb Stroke Therapy
M. J. Johnson, H. F. M. Van der Loos, C. G. Burgar, P. Shor and L. J.
Leifer
Stanford University
e Ourgoalis to createeffective and low-costways of m
facilitating upperlimb strole therajy. Our challenge

wasto devisecontrolstratgiesto increasehelevel of
impairedlimb participationin exercisetasks

Weinterfacedanovel split-steeringvheelwith adriving
simulatorto createDriver's SEAT. We designedhree
theray modeshasenforce-reflectie controlstratgies
Normalandstrole subjectperformecbimanuakteering
in eachmode

Wedetectedignificantdifferencedetweerimb forces
exertedon the wheelin eachtheraly mode We can
alsoquantify tracking performanceon our simulated
roads

Our carsteeringsimulator (Driver's SEAT) hasthe
potentialto beaneffective device for upperimb strole
therayy.

Mouth Opening and Closing Training with 6-DOF Parallel Robot
Hideaki Takanobu!, Takeo Maruyama!, Atsuo Takanishi!, Kayoko
Ohtsuki? and Masatoshi Ohnishi?

'Waseda University and 2Yamanashi Medical University

e Motivationt Corventionaltrainin
by humanwas1-DOF

e Approach 6-DOFUniversal
DentalRobot(UDR)

e Results Increasef two patient$
mouthopeningdistancegrom
21to32and15to 26 [mm]

e Conclusions6-DOFtraining
robotwasdeveloped




Special Session: MoP3-5 Monday, April 24" 19:20-21:00, Ballroom 5

Robotics: The 20th Century and Beyond
Chair/Moderator: Georges Giralt, LAAS-CNRS, France

Speakers:

T. Kanade Carngjie Mellon University
J.C.Latombe StanfordUniversity

N. Nilsson,StanfordUniversity

B. Roth, StanfordUniversity

During the 20th century Roboticshasprogressiely emegedasa scientificbody of conceptsmethods,
andalgorithmictools,in factthe mostchallengingfield in machineintelligence.

Currently it is confrontedwith paramounthallengedoth in theoreticalaspectsvith seminalscientific
andtechnicalachiezements andpracticalaspectsvherelnformation Technologiesand Micro andNano
Technologiesppearto be decisve supportingfactors.

The currentstreamof developmentpavesthe way for a very large domainof novel applicationsanging
from outerspaceanterventionto Assistve Robotics,PersonaRoboticsandHumanAugmentation.These
advancesarecornerstonaspectgor thedomainof HumanCenteredRoboticswheremachinesareamong
peopleandmight be operatedy nonspecializedisers.

Thespealerswill addresgour key broaddomaingpresentingheir own views on pastandcurrentachiese-
ments,currenttrends,andfuture developmenthey seefor the next decade . They will entertainanample
debatewith theaudienceat the endof thefour presentations.

e Computer Vision: Progressin the Last Three Decades
T. Kanade Carngjie Mellon University

¢ Robotics and Real-World Computing
J.C.Latombe StanfordUniversity

e The Programming, Teaching, and Learning (PTL) Model of Robot Control
N. Nilsson,StanfordUniversity

e Kinematics, Dynamics and Control in Robotic Systems
B. Roth, StanfordUniversity
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