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Preface

Since the Industrial Revolution, control systems have played important roles
in improving product quality, saving energy, reducing emissions, and relieving
the drudgery of routine repetitive manual operations. In the past hundred
years, many theories have been proposed for control system design. However,
there are three main problems when some of these advanced control theories
are applied to industrial systems:

1. These theories depend on empirical methods or trial-and-error
methods in choosing weighting functions.

2. Both the design procedures and results are complicated for under-
standing and using.

3. The controllers cannot be designed or tuned for quantitative engi-
neering performance indices (such as overshoot or stability margin).

In this book, an improved theory called the Quantitative Process Con-
trol Theory is introduced to solve these problems. This new theory has three
features:

1. When using the theory, the designer is not required to choose a
weighting function.

2. The design is suboptimal and analytical. It is easy to understand
and use.

3. The controller can be designed or tuned for quantitative engineering
performance indices.

These features enable the controller to be designed efficiently and quickly.

Mathematical proofs are provided in this book for almost all results, es-
pecially when they contribute to the understanding of the subjects presented.
This will, I believe, enhance the educational value of this book. As few con-
cepts as possible are introduced and as few mathematical tools as possible
are employed, so as to make the book accessible. Examples are presented at
strategic points to help readers understand the subjects discussed. Chapter
summaries are included to highlight the main problems and results. At the
end of each chapter, exercises are provided to test the reader’s ability to apply
the theory he/she has studied. They are an integral part of the book. There is
no doubt that a serious attempt to solve these exercises will greatly improve
one’s understanding.

xxiii
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The methods developed here are not confined to process control. They are
equally applicable to aeronautical, mechanical, and electrical engineering. To
stress this point, examples with different backgrounds are adopted. With a
few exceptions, these examples are based on real plants, including

e Paper-making machine

e Heat exchanger

e Hot strip mill

e Maglev

e Nuclear reactor

e Distillation column/Heavy oil fractionator
e Jacket-cooled reactor

e Missile

e Helicopter/Plane

e Anesthesia

The book is divided into 14 chapters. Important topics that are covered
include
1. Introduction and review of classical analysis methods (Chapter 2)
Essentials of the robust control theory (Chapter 3)

3. Hx and Hy proportional-integral-derivative controllers for stable
plants with time delay (Chapters 4 and 5)

4. Quasi-H, and Hs controllers for stable plants with time delay
(Chapter 6)

5. Quasi-H,. and Hs controllers for integrating plants with time delay
(Chapter 7)

6. Quasi-Ho, and Hy controllers for unstable plants with time delay
(Chapter 8)

7. Complex control strategies, including two degrees-of-freedom con-
trol, cascade control, anti-windup control, and feedforward control
(Chapter 9)

Analysis of multi-input/multi-output control systems (Chapter 10)

Classical multi-input/multi-output system design, including decen-
tralized control and decoupling control (Chapter 11)

10. Quasi-Hy decoupling control for plants with time delay (Chapter
12)
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11. H: optimal decoupling control for plants with time delay (Chapter
13)

12. Multivariable Hs optimal control (Chapter 14)

This book is intended for a wide variety of readers. It is appropriate for
higher level undergraduates and graduates in engineering, beginners in the
research area of robust control, and engineers who want to learn new design
techniques. It is assumed that readers have had an undergraduate course in
classical control theory. A prior course on optimal control or process control
would be helpful but is not a requirement.

This book has grown out of 15 years of research. The procedure is always
much harder than anyone anticipates. I received financial support from the Na-
tional Science Foundation of China, the Alexander von Humboldt Foundation,
Germany, and the National Science Fund for Distinguished Young Scholars,
China, which enabled me to pursue the research. I am vastly indebted to many
people who have helped and inspired me to start, continue, and complete this
book.

My first thanks goes to Professor Shengxun Zhang and Professor Youxian
Sun, Zhejiang University. They brought me into the area of process control.
I am grateful for the continuing help and support from Professor Xiaoming
Xu, Professor Yugeng Xi, Professor Songjiao Shi, Professor Zuohua Tian, and
Professor Xinping Guan at Shanghai Jiaotong University. I am also greatly
indebted to Professor F. Allgower and Professor C.A. Floudas, who hosted
me at the University of Stuttgart and Princeton University, respectively, as a
visiting professor during the writing of this book.

The first six chapters of this book have been classroom tested for several
years at Shanghai Jiaotong University. Many students have contributed their
time to the book. I would like to thank my PhD students F. S. Alcédntara
Cano. Danying Gu, Daxiao Wang, and Mingming Ji for particularly helpful
suggestions.

The book makes limited use of the material from several books. In partic-
ular, I want to express my sincere appreciation to Morari and Zafiriou (1989),
Doyle et al. (1992), and Dorf and Bishop (2001).

Family members are a source of special encouragement in a job of this
magnitude, and I send love and thanks to my parents and my son in this
regard.

Lastly. I thank my wife, Chen Lin. She read the manuscripts of different
versions and made corrections in her spare time. She gave hundreds of sug-
gestions on editing, grammar, and technical problems. This book would not
be the same without her enormous care and patience.

Weidong Zhang
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