12 IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 54, NO. 1, FEBRUARY 2007

Guest Editorial

would like to present this “Special Section on Neural Net-

work Applications in Power Electronics and Motor Drives”
to the professional community of the world. As I understand,
there has been no such publication of such a vitally important
“emerging technology” topic anywhere in the past. Power elec-
tronics and the motor drives area is already a complex and mul-
tidisciplinary technology which is going through dynamic evo-
lution during the last three decades. Now, artificial intelligence
(AI) techniques, particularly neural networks, have created a
new and advancing frontier in this evolution. This is creating
a challenge to traditional power electronics engineers. It can be
predicted without any doubt that neural networks will have a
significant impact on power electronics and motor drives in the
future.

It is interesting to note that the history of neural network evo-
lution is very old and fascinating. In fact, it predates the modern
digital computers, and other Al techniques, such as expert sys-
tems, fuzzy logic, and genetic algorithms. The history essen-
tially started with the pioneering work of McCulloch and Pitts
in 1943 who were trying to model the nervous system of the
human brain, which is the most complex computational machine
in the world. McCulloch was a psychiatrist and neuroanatomist,
whereas Pitts was a mathematician. The next major develop-
ment in neural networks came in 1949 when Hebb proposed his
synaptic learning mechanism of biological neurons in his book
The Organization of Behavior. The book had immense influ-
ence among psychologists, but was practically ignored by the
engineering community. In the 1950s, the dominant figure in
neural network research was psychologist Frank Rosenblatt who
invented Perceptron and its learning theory. In 1960, Widrow
and Hoff proposed Adaline and Madaline, and trained them by
the least-mean-square (LMS) algorithm. Unfortunately, the lack
of expected performance of these networks, coupled with the
glamour of the von Neumann digital computer in the late 1960s
and 1970s, practically camouflaged the evolution of neural net-
works. Many researchers, except those in psychology and neu-
rosciences, practically deserted the field almost for a decade.
Of course, during the 1970s and early 1980s, attention was di-
verted for extensive research of expert system techniques and
their applications. The modern era of neural networks with re-
juvenated research practically started in 1982, when Hopfield, a
chemistry and biology professor, presented his invention at the
National Academy of Science, establishing much-needed credi-
bility to the neural nertwork field and stimulating a new round of
research in this area. In 1986, the modern backpropagation su-
pervised training algorithm was reported by Rumelhart, Hinton,
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and Williams, which has been used extensively for training mul-
tilayer-percepton (MLP)-type networks. This type of feedfor-
ward network is most commonly used in recent years. It may
be of interest to note that backpropagation theory was origi-
nally proposed by Paul Werbos in his doctoral thesis at Har-
vard University in 1974, but it went unnoticed by the scien-
tific community for almost a decade. Since the beginning of the
1990s, neural networks have captivated the interest of a large
segment of the scientific community. Often, it has been defined
as the greatest technological invention since the transistor. It is
amazing to see how the results of research from psychologists,
psychiatrists, and neuroscientists can be of such importance to
the engineering community.

Although the history of neural networks is old, their applica-
tions in power electronics and motor drives is only recent, and
hardly exceeds more than the last 10—15 years. The first appli-
cation, according to the author’s knowledge, is the hysteresis-
band PWM control by Harashima in 1989. Then, there were
a number of applications in PWM control before it diverged
to many other applications, such as adaptive motor speed con-
trol, single or multidimensional function generation, feedback
signal estimation of vector drives, space-vector PWM, vector ro-
tation and inverse rotation, estimation of distorted waves, wave-
form processing and delayless filtering, neuro-fuzzy DTC con-
trol, online fault diagnostics, and fault-tolerant control. Many
of these applications are described in the introductory paper
“Neural Network Applications in Power Electronics and Motor
Drives—Introduction and Perspective” which is contributed by
me.

In this Special Section, I received altogether 48 papers from
which 23 papers were selected. The first paper is general and
deals with methodology development, the next six papers deal
with application in power systems, the next two are general drive
applications, the next four are induction motor applications, the
next four deal with synchronous motor applications, the next
three relate to fault diagnosis of induction machines, and the
last one relates to hardware implementation of neural networks.

I hope that the professional community will agree that the
bulk of initial pioneering work on neural network applications
in power electronic systems was done at the Power Electronics
Research Laboratory, University of Tennessee. The main
contributors in this area were Dr. M. Simoes of Colorado
School of Mines, Dr. J. Pinto of the Federal University of Mato
Grosso do Sul, Brazil, Dr. L. daSilva of the Federal University
of Itajuba, Brazil, Dr. J. Zhao of Huazhong University of
Science and Technology, China, Dr. C. Wang of the China
University of Mining and Technology, Beijing, Dr. S. Mondal
of AeroVirment, Inc., Mr. N. Patel of GM Advanced Tech-
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nology Vehicles, Dr. M.-H. Kim of Yeungnam College of Editor-in-Chief, for inviting me and giving me the opportunity
Science and Technology, Korea, Dr. W.-S. Oh of Unan College, for Guest Editing this Special Section. It was a pleasure to work
Korea, and Dr. X. Min Ma of Xi’an University of Science with him.

and Technology. Their undaunted enthusiasm for innovative

research in this frontier technology is admirable, and in my

opinion, they are the best researchers in the world. I would BIMAL K. BOSE, Guest Editor

like to extend my thanks for the reviewers of these papers who University of Tennessee

contributed so much time from their busy schedule. Finally, Department of Electrical and Computer Engineering
my sincere thanks go to Dr. M. Kazmierkowski, the former Knoxville, TN 37996-2100 USA
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