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Abstract
In the research of virtual redity

dynamical emulation systems, the reaction
of the considered system must be truly
emulated. In this project, we were aimed at
transferring the behaviors of the considered

system in the simulated space into the
behaviors of the emulated space. In order to
achieve virtua redlity in the display and in
the motion of the platform, a hierarchical
structure of intelligent controllers is adopted
in our research. This controller takes the
tradition controller as a lower controller and
is aimed at achieving more versatile and
abstract goals by generating suitable control
input for the lower control system. Such an
intelligent controller consists of two
elements, a fuzzy predictor and a fuzzy
logic controller. Due to the use of fuzzy
controllersin the high level control, we have
proposed an online stable fuzzy learning
controller to fulfill the role. Besides, due to
the existence of the fuzzy predictor, we also
studied fuzzy control design directly based
on fuzzy models. A full-compensated fuzzy
controller is then proposed. For the motion
cue survey, we have adso proposed a
frequency based function neural networks
for modeling motion cues. Due to the use of
frequencies as primary keys, the system
possesses more robust properties in coding
trajectories. With this network, motion cues
trajectories can be parameterized and then
reinforcement learning for motion cues can
become possible.
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Adaptive linearization controllers have
been shown to have nice control
performance. However, two functions in the
controllers are derived from the considered
system. Thus, those controllers can only
work for known systems. In this project, we
proposed a fuzzy modeling approach to
model those two functions. The proposed
approach is called the direct adaptive model
reference fuzzy control. In this approach,
the considered dynamic nonlinear model
can be unknown. Different from previous
adaptive fuzzy controllers, our approach
does not need any auxiliary operations on
input trgjectories and on system states. With
this property, our approach can be used to
track any trgectory, even a trgectory not
previously known. The proposed controller
and the weight update laws only need
system states and the current desired output
without using any their derivatives. The
Lyapunov stability theorem is used to
derive controller parameters update laws,
which ensure the system states remain
bounded and the plant  output
asymptotically tracks an arbitrary piecewise
reference trgectory. The proposed method
is successfully applied to an unstable
nonlinear system and a chaotic system. This
method has been applied to control an
unstable nonlinear system to track a
piecewise trgjectory and to control a chaotic
system to track a sinusoidal reference
trgjectory and a triangular reference
trajectory. The computer simulation showed
that the proposed scheme could perform a
successful control [4]. When compared to
previous approaches, our approach can have
better learning and control performance in
those examples for all used trajectories.

This project also proposed a method of
designing state feedback controllers for
affine TSK fuzzy models. Various control
design techniques have been proposed for
TSK fuzzy models in the literature. Most of
them are in a trial-and-error fashion. Those



approaches are to design tria controllers
first and then check their stability by some
criteria. If the condition is not satisfied, the
controller is resigned. Besides, most used
TSK fuzzy models are homogeneous TSK
fuzzy models, in which no constant terms
are adlowed in consequence functions.
Moreover, for those approaches, even
though the controller can satisfy the
stability criterion, the control performance
is still not anticipated. In this project, we
proposed the so-called full-compensated
control design technique, in which the
controller is designed to compensate all
rules so that the desired control
performance can appear in al rules. This
kind of approach isto treat all fuzzy rules as
variations of a central rule and such
variations are individually dealt with in the
robust control sense. In this approach, the
controller is separated into two parts. The
first one is to move the eigenvalues of the
central rule to the desired locations. The
second one is to compensate the
uncertainties individually residing in all
rules. The design procedure is simple and
effective. The stability analysis becomes the
Lyapunov theorem for linear systems. Such
an approach not only can result in the use of
various control design techniques but also
can guarantee desired performance of the
closed- loop system. Various examples are
conducted in the paper. Some of them even
cannot be solved by other approaches. All
results showed good control performances
asdesired [5].
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