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ABSTRACT

The artificial intelligence technologies have been widely employed in the
field of control engineering. The fuzzy IF-THEN rules are very suitable for cap-
turing the impression of reasoning processes and the nature of human knowledge.
On the other hand, neural networks are equipped with a learning capability. Some
combinations of the fuzzy inference systems and a neural network have been widely
introduced as the fuzzy-neural network, the fuzzy logic based onr neural network
and so on. Nowadays, many nonlinear discrete-time controllers have been success-
fully developed by using these combirations.

The objective of this research is to design an adaptive controller using only
the knowledge of the plant’s operations in the form of fuzzy rules. There is no need
to obtain the exact mathematical model of the controlled plant. The technigque for
parameter adaptation is also proposed, in order to cope with the uncertainty in
plant’s model. Although these properties are similar to the neuro-fuzzy controller,
the proposed controller structure and the adaptation method are less complicated.

The adaptive network called Fuzzy Rules Emulated Network (FREN) is
proposed in this research. FREN’s structure is derived based on human knowledge
in the form of the fuzzy IF-THEN rules. The initial setting of its parameters can
be chosen intuitively from the expert’s experiences. Some nonlinear plants such
as the inverted pendulum, the water bath temperature control system, and the
high voltage direct current transmission, are selected as testing plants to test the
performance of the proposed controller by using computer simulations. From the
results, it is found that the FREN controller gives better performances compared
with other approaches.
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It is difficult to ensure the stability of the intelligent control systems such
as the fuzzy logic, the neural network, and the nefuo—fuzzy network. In this work,
the stability is enforced by limiting the control effort within its stable bound. This
bound is derived by using the sliding mode control technique. When the control
effort from the controller is kept within the sliding bound, the stability of the
controlled system can be guaranteed. The proposed technique is investigated by
applying it to control a robotic and some chaotic systems. The simulation results
indicate its good performances.

The improved version of FREN namely Multi Input FREN or MIFREN is also
proposed. The control algorithm by using MIFREN and sliding bounds shows the
faster tracking performance than that of FREN and the sliding bound. MIFREN is
also employed as a nonlinear system identification. In this application, the hybrid
learning algorithm using a modified adaptive filter technique and a steepest-descent
to tune up linear and nonlinear parameters respectively is proposed. The superior
performance of the MIFREN and its hybrid learning is shown by using the computer
simulation and the comparison with the well-known adaptive network ANFIS.



