|

) <

The University of Osaka
Institutional Knowledge Archive

. Adaptive Control for Uncertain Dynamical Systems
Title X
with Performance Guarantee

Author(s) |Gebremedhin, Gebreegziabher Atsede

Citation |KFRKZ, 2023, EHIHX

Version Type|VoR

URL https://doi.org/10.18910/91980

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3

Abstract of Thesis

Name ( Atsede Gebreegziabher Gebremedhin )

Adaptive Control for Uncertain Dynamical Systems with Performance Guarantee

Title (MERERREEZ & DRREDN L BIN & R T LD i #)

Abstract of Thesis

There have been many experiments on adaptive control in laboratories and industries. The rapid progress
in microelectronics and integrated circuit technology was a strong stimulation. Interaction between
theory and experimentation resulted an active development of the field. As a result, the development of
adaptive controllers is now accelerating and started to appear commercially. One of the primary reason
for introducing adaptive control was to obtain controllers that could adapt to changes in process
dynamics in the presence of system uncertainties. It has been found that adaptive techniques can also
be used to provide automatic tuning of controllers

Previous works have been developed for various complex systems such as interconnected and/or large—
scale systems under different perspectives. However, they typically do not guarantee an optimal
solution while estimating the unknown uncertainty parameters of the system dynamics. In addition, poor
transient performance due to uncertainties is solved by increasing adaptive gains to rapidly suppress
the uncertainties. However, large adaptive gains may lead to high frequency oscillation and system
instability

Performance guarantee related to nominal tracking is also an issue in research works for the
development of distributed adaptive control architectures and realizing a desirable tracking.

Therefore, it is important to evaluate the performance degradation caused by adaptation in terms of the
performance index of the reference model which achieves optimal tracking and a robust performance

This dissertation proposes four approaches for adaptive control of uncertain dynamical system for
tracking problem. Each approach includes the evaluation of performance degradation of the adaptive
control law. First is model reference adaptive control scheme for optimal LQ tracking in the presence
of uncertainties. A new reference model selection is introduced by using |inear quadratic regulator
theory. Second is adaptive control proposed for H-infinity tracking of uncertain dynamical systems. A
reference model which achieves a robust tracking in the presence of L2 disturbances is introduced by
using H-infinity control with transients. Third is a distributed model reference adaptive control
scheme for optimal tracking of an interconnected dynamical system in the presence of
system/interconnection uncertainties. Here, an adaptive control law is developed for the uncertain
interconnected dynamical system, where it employs the specified reference model. The final is
distributed adaptive control proposed for H-infinity tracking of interconnected uncertain dynamical
systems. It is shown that the boundedness of the error dynamics behaviors as well as zero tracking
error in the steady state is guaranteed by the proposed distributed adaptive control in the presence of
disturbances and uncertainties. An explicit error bound of tracking is also established. Numerical
examples were discussed to show applicability of the theoretical findings
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