Introduction
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must be proved to be able to peffi igh quality of task manipulation,
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but with less consumption of power ad Most of today robot manipulators

already installed for industrial applic tons e nder simple fixed-gain controllers

which were developed h’l veral decad — t5-possesy limited manipulation
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dynamic mn?:bl of a physical system are never exact with real quantities, despite true model structure
is known, its parameters still face with some uncertainties in acquisition of their values. For high-
speed manipulation, especially with a direct-drive robot, the performance of conventional approaches
such as the fixed-gain scheme or the computed-torque method could be greatly affected by these
parameter uncertainties. Furthermore, at some sever situations, these effects may eventually

deteriorate stability of the overall system. Therefore, the case is that there is an essential need to



explore more sophisticated control strategies to handle highly complicated physical systems.
Adaptive control represents one of the most promising control strategy for a robot manipulator, that

is being actively developed to maintain the performance of manipulators in the presence of large

dynamic uncertainties.
In the context of modern are two general ways to synthesize an
adaptive scheme for enhancing t. g capabilit ormance manipulator. The one

follows an adaptive methodology Calledie direer adapiive coniral in which the adaptation law _
i eters based upon present
tracking error information. Iy e model that can produce
precisely, achieved by desi c3 h 1 destination for directing the
adaptation law. The approach i : ern control context as the
Model Reference Scheme, stemming fic Hus partieularaspset. Another adaptive approach is the
Indirect Adaptive Control in whi I‘ ol System composes of a plant/controller
cascade, plant model identifier and 2(-1-, ok Jesig 7_“ lile working based upon parameters of the
identified plant model. Thed ._..;.- 1y use the 5 ptive feature to deal with
tracking error regulation cipy | £ identify current plant model
and redesign the controller b
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* and a more ifjustrative name the Se{f—l'hmng Control indicating that the plant/controller combination

chan;mg its pclnmﬂem to match with the newly-derived plant model.
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circumstances.

A robot manipulator represents a highly complicated dynamical plant. The general

manipulator equation of dynamics is also of much complexity expressing an amount of highly



nonlinear terms even when simple geometrics of a manipulator is considered. Despite many
somewhat idealized assumptions aimed to reduce model complexity have been made in dynamic
modelling. A six degree-of-freedom manipulator can have thousands of complicated mathematical
terms residing in the dynamic equations. During the last two decades, much advance in modern

control theory and many computerized ad-hoc te

niques successfully applied to other class of

cal plants have been to 5@
physical p adopted \\“ )
manipulators have continued to considerak Lot 1al applications, the control people

problems. Meanwhile robot

could not yet claim to satisfacto ator control. A large amount of

adaptive methods have bees mic changes of a manipulator.
They are different in basis h the problem in a continuous-

time or discrete-time fashio e changes in dynamics due to

changes in geometric config del computation with more
accessibility to high perfo oW the classical control technique
tending to robustize the resulting fontreik rturbed dynamics and just use manipulator

dynamic model as physical informati insights to controller design.
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e AR D BN A e
loca onwh.mh:s:hnmnppmxmnunufu:uqmunsofdymcsaxpmdedmrhn
vicinity of the nominal trajectory. The literature (1) investigates the control problems of a
manipulator fanuﬁngrhiuppmh.Thnmminﬂmjwmiurqmmmdbymamuﬁpuuding
nominal torque which is precalculated using the general dynamic equations of a manipulator along a
reference trajectory. At each nominal point, a linear approximation of perturbed dynamics is carried

out. The resulting model is then recursively identified by using least square criterion and is used in



immediate designs of a local controller which is a Linear Quadratic Regulator (LQR) applied in a
discrete-time manner. The total torque for driving the manipulator along the trajectory is a
summation of the precalculated nominal torque and the variational torque from the optimal
controller. The total driving torque should be theoretically fit to the appropriate torque of the

reference trajectory. But from the basic fact that a physical model is never exact. it subjects to an

ved ; a‘tm tested this inexactn
derived equations, thereby pulator is s inexactness
would deviate the nominal o ifs0 the ssumnption basis for linearization would not be
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that is of much interest to us. The controller, nevertheless, proved to have a significant improvement

denive ﬂde] parameter information from

over the previous (1) on computer simulation results, has got many pitfalls within itself mainly due
to extensive use of the least square technique in closed loop system. The unfavorable assumption of
persistency of excitation naturally embedded within general identification techniques including the
least square is generally known. Despite the thoroughly-understood principle of LQ optimal control

is utilized in the servo portion of the scheme, stabilizability and robustizability of its finite horizon



version in discrete-time domain is somewhat difficult to find in control literature. Of the most
importance to success of the self-tuning scheme intimate dynamic interplay between the controller
and the identifier is yet to be revealed on theoretical basis. Furthermore, the recursive identification
law itself presents naturally nonlinearity additional into the system and its own process requires

measurement of plant output signals thus subj a significant amount of measurement noise.

Eventually the extreme justification of & contr o e athi y based upon actual operating

performance. It is where all the T ne v n be exposed to us.
Thnumisia \ \ direct adaptive control of a

manipulator proposed in (2 yperimai \ blished to examine advanced

characteristics of the schemg nce of a robot manipulator in a

trajectory tracking manner. Tigé ted under this thesis is
used to base the experimental e esent the basic performance

characteristics of the manipulator 45 it he robot is officially tested and run.

Before we can perform the experime natical background is needed to be

extensively studied to ‘\-'-' ly important to
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specifically with the one-step-ahead criterion, possesses a certain bound of a robustness margin.
Since, the asymptotic stability proof is just carried out based upon an assumed model of a physical
system, hence, it is not sufficient to guarantee stability of the practical system that the assumed
model is replaced by the real system. When the resulting regulator is applied with the real plant
corresponding to the assumed model, the presence of the demonstrable robustness margin will gain
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still holds, Third, the recent results in a struggle to find appropriate conditions for the RLS estimator
to have acceptable operation under dynamic interference from the LQ regulator, that is concurrently
operated within the same closed loop system, are demonstrated and adapted to support our stability
conclusion. These main results just conclude stability robustness of local dynamics of the adaptive

manipulator system. The effects of the nominal dynamics are still left to be suppressed along the
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