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Design of a Desirable Trajectory and Convergent Control for
3-D.O.F. Manipulator with a Nonholonomic Constraint

T. Yoshikawa � , K. Kobayashi � and T. Watanabe �
� Kyoto University and � Osaka University

Near-Optimal Motion Planning for Nonholonomic Systems
Using Time-Axis Transformation and Gradient Method

Makoto Iwamura, Motoji Yamamoto and Akira Mohri
Kyushu University

� Thispaperisconcernedwith controlof a3 link planarunderactuated
manipulator. We have alreadyproposeda control law that
guaranteestheconvergenceof its stateto a given desirable
trajectoryandto any desiredfinal point, andadesignmethod
of thedesirabletrajectory, but this methodhasa limitation
on thelocationof theinitial state.

� In this paper, we proposea designmethodof a desirable
trajectorythatstartsfrom any given initial point, converges
toany givendesiredfinalpoint, andonthewaypassesthrough
any givendesiredpassingpoint thatcanbespecifyedrather
freely.

� We did simulation to verify the validity of our approach.
We show the convergenceof the stateof the systemto the
desirabletrajectorywhichwedesignandfinally to theorigin
even whenthereexists an initial error. We alsoshow that
wecanderiveadesirabletrajectorythatsatisfiessomegiven
requirementssuchasavoiding obstacles.

� In thispaper, wehavepropsedadesignmethodof adesirable
trajectorythatsatisfiesgivenrequirementsmuchbetterthan
thepreviousmethod. We have presentedsimulationresults
in orderto show thevalidity of thismethod.

� In this study, an optimal motion planningscheme
usingtime-axistransformationandgradientmethod
isproposedfor nonholonomicsystems. Themotion
planningof nonholonomicsystemsis formulatedas
anonlinearoptimalcontrolproblem.

� Theoptimalcontrolproblemis toodifficult to solve
duetopeculiardifficulty in thecontrolof thenonholonomic
systems. To alleviate thedifficulty, we convert the
optimalcontrolproblemtoabidirectional, fixed-domain
optimalcontrolproblembyusingquasi-timevariable.

� A numericalalgorithmwhichisbasedonthegradient
methodisdevelopedfor theoptimalcontrolproblem
andits convergencepropertywith respectto final
stateerroris proved.

� The optimal motion planningschemeis apllied to
a 2-link planarfree-joint manipulator. Simulation
resultsshow theeffectivenessof theproposedoptimal
motionplanningscheme.

Stabilization of the general two-trailer system
M. Vendittelli and G. Oriolo

Universit di Roma ”La Sapienza”

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

Brigham Young University
� The objective of the paperis to develop hybrid control

strategiesthatregulateadifferentiallydrivenmobilerobot
to within aspecifiedball of adesiredpositionandangle,
where the ball is not greaterthan the varianceof the
sensornoise.

� Using the geometryof the problem, the maneuvers are
broken into two components. One maneuver changes
robotorientationandtheothermaneuverdrives(orshoots)
therobottowarditsgoal. By combiningthesetwomaneuvers,
control laws are obtainedwhich practically regulate a
robot. The control laws usea dynamicmodel, which
includesstaticfriction.

� Twohybridcontrolsarederivedwhichareshown topractically
regulateadifferentiallydrivenmobilerobot. Convergence
proofsfor bothcontrollawsareshown andguidelinesfor
choosingthecontrolgainsaregiven.

� Hardwareresultsshow thatthecontrolstrategiespractically
regulateadifferentiallydrivenmobilerobot. In addition,
thegainsfor thecontrolstrategiesagreedwith guidelines
presentedin theproofs.

Multi-Level Stabilizing Control of an Nonholonomic Vehicle and
Its Discreate-Time Multirate Implementation

L. Palopoli, F. Conticelli and B. Allotta
Scuola Superiore Sant’ Anna

Small Radius Attainability Spheres for Driftless Non-holonomic
Systems

Ignacy Duleba
Wroclaw University of Technology

� Theaddressedproblemiscontrollingtherelative
positionbetweenamoving targetandanautonomous
nonholonomicvehicle. Thepurposeis toanalyse
the performancelosswhena continuoustime
controllaw isapproximatedbyamultiratedigital
controller.

� Thecontinuoustimecontrollaw is synthesized
usingthebacksteppingapproach. Thecontrol
law structurenaturallyleadsto amultilevel and
multiratedigital approximation.

� Thecontrollerperformanceisassessedbyusing
aquadraticindex, assigningdifferentfrequencies
to eachsubcontroller.

� The resultsshow that the outer frequency has
a greaterinfluenceon thesystemperformance
thantheinnerone.

	 Designnonholonomicspheres
for driftlessnonholonomicsystems
centeredattheoriginof thePh.
Hall frame.

	 Directionsof motion(weighted
Ph.Hall basiselements) produced
with controlsapplyingthegeneralized
C-B-H-D formula.

	 Simulationsfor unicycle-type
robots.

	 The analyticandconstructive
solution, applicableto motion
planning.
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