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ABSTRACT

Power electronic circuits are now extensively used in mechatronic devices. Control of
sensitive devices in an intelligent way now is mostly done through intelligent
electronic circuits. Al has found its way in these control circuits. Al tools of Neural
Networks, Fuzzy Logic, Expert System and Genetic Algorithms are now used in
many applications in this field. The prospective of more extensive use of Al tools is
expected to usher a new era in power electronics. What we are seeing is just the
beginning. The fuzzy logic control has now applications in converters, controllers, dc
and ac drives, reluctance motor drives, PWM of inverters and many other
applications. The Neural Networks have been used in training algorithms for a
rectifier regulator. Expert sysiems are used to aid automation design, simulation,
troubleshooting and controller tuning of drive systems. The paper contains an
introduction and an overview to the use of the above mentioned four techniques in
power electronics. However the fuzzy logic is the most important one as it had more
applications during the last decade than the other three techniques.

Keywords: Fuzzy Controllers, Power Electronics, Artificial Intelligence, Electric
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1. INTRODUCTION

Artificial intelligence, apart from some other fields, covers the fields of expert
sysiems, neural networks, fuzzy logic and genetic algo ithms. These four techniques
are found in an increasing oumber of applications in industry. In particular, a

© promising number of applications are appearing in power electronics. However the
future will show much more expansion.

This papet tries 10 give & review of the main applications of Al in power electronics.
' This will include applications using AC and DC motors, reluctance motors as well as
other power electronics applications.
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In expert systems, knowledge is represented in sets of IF-THEN-ELSE rules. The
knowledge is to be collected from human experts by the knowledge engineers. The
expert system utilizes this knowledge to provide decision support at a level
comparable to the human expert and is capable of justifying its reasoning. Expert
systems separate the inference mechanisms from the domain of specific knowledge
and use one or more knowledge structures such as rules, frames, combinations of
frames-and-rules, semantic nets, and objects to represent this knowledge.

Well-defined problems may be solved by expert systems easily. It had its well-known
and successful application in troubleshooting and training. In general, expert syslems
are suitable for problems which are governed by a known set of rules, whether these
rules are logical or based on mathematical relationships. Expert systems suffer from

#some difficulties when they are used for applications which contain some vague
" information.. Pyoblems such as malfunctioning diagnosis, alarm processing, and other
diagnosis, ca:iﬁ:e solved independently by expert system approach[1-4].

The computer merely expresses these rules in whatever programming format is
desired and processes the rules logically in the code residing in the inference engine.

Expert systems were, used in power electronics fields in aiding automated design,
simulation and controller tuning of AC motor drive system. The expert system isto
select a motor drive configuration consisting of the AC machine type, power
converter and control topologies. The expert system embeds the design expertise of an
experienced AC motor drive system designer to configure, design and fine-tune the
AC motor drive system. This experience includes the design methodology of the AC
motor drive systems, AC motor sizing and control design and tuning [5].

Fuzzy logic is a superset of conventional (Boolean) logic that has been extended to
handle the concept of partial truth, i.c. truth values between completely true and
completely false. It was introduced by Dr. Lotfi Zadeh of UC/Berkeley in the 1960's
as a means to model the uncertainty of natural languages[6]. The term degree of
membership was introduced so that its value ranges between 0 and 1. It takes the
value of 1 for completely true value and a value of O for a completely false value and
a value ranging between 0 and 1 for partially true cases.

A fuzzy controller essentially embeds the experience and intuition of a human plant
operator and sometimes those of the designer of the plant or the researcher. When
fuzzy set theory is used to solve real problems, the problem has to be described in a
mathematical form. The thresholds for variables values has to be defined; i.c. the
greatest degree of satisfaction as well as the unacceptable value. These will be
assigned the 1 and O degrees of membership respectively. Based on these threshold
values the type of membership function (linear, piece-wise linear, trapezoidal,
parabolic and so on). The membership function reflects the change in degree of
satisfaction with changes in variable evaluated by experts, Fuzzy operation is then
selected so that the resulis obtained are like those given by the human expert.
Defuzzification follows, if necessary, to obtain crisp values and be translated into
meaningful terms.
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Fig. 1 shows how such steps may be applied [14].
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- Figure 1 . Details of adaptive fuzzy control showing the different blocks
i

2. FUZZY CONTROLLERS APPLICATIONS

2.1 Fuzzy Controliers

Logic controllers have witnessed quite a number of applications of fuzzy logic. Low-
end microcontroller associated to fuzzy logic software are used inside different
equipment.

A self-learning fuzzy logic control may be obtained by using a consistent set of rules
to a predetermined criterion and by evaluation of its transient performance over a
variety of tests. Even with limited knowledge of the process, the self learning
procedure is able to yield a satisfactory performance with degree of robustness and
with high repeatability[7].

2.2 Fuzzy Control of Induction Motors:

Wide attention has been received in the recent years by the control of the induction

mators ysing fuzzy logic. The invention of vector or field oriented control and the

demonstration that ac motors can be controlled like separately excited dc motor,
. brought renaissance in the high performance control of induction motor drives. The
advent of modern digital signal processors, user friendly simulation, and introduction
of Al techniques are continuously extending the frontiers of high performance of ac
drives [8].

Figure2 shows a schematic diagram of one of these drives. The current controlled
converter
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