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Preface

There widely exist complicated nonlinear systems in control engineering field. The
structure and parameters of the system demonstrate obvious uncertainties due to the
complex operation mode of the system and the severe working circumstance. Therefore,
it is very difficult to accurately model the system by single mathematical model with
high-precision based on the traditional modeling approach. Most modeling approaches
usually require a certain level of experience, which results in that it would consume
massive time for the model structure confirmation, high-precise parameters estimation
and modeling parameters tuning. Thus, even though the accurate system model is built,
it fails to analyze the stability and design the controller because of the excessively com-
plexity. To solve this problem, experts and scholars in the field have made a lot of
explorations in theory and technology. Finally, a conclusion has been made that the
effective solution is the divide-and-conquer principle based multiple-model method.

With forty years of development since its first appearance in the seventies of the
20th century, the multiple-model method has achieved wide success in theory, technol-
ogy and application. Based on the divide-and-conquer principle, a complex system
modeling and control problem is decomposed according to a sort of certainty rule; and
then, corresponding local models and controllers are established respectively. Since
local model is usually linear, the developed theory of linear system could be used to
design the controller, thus simplifying the problem effectively. With each local model
and controller coordinated according to corresponding composition rule or management
mechanism, the precise controller for the primary complex nonlinear system is realized
with ensured stability. This modeling and control method can convert complex nonlinear
problem to the one that could be solved by the mature and less complicated theory. It is
significant in simplifying the controller design and improving the system control perform-
ance under complex circumstances. Up to this moment, multiple-model method could
mainly be divided into multiple-model modeling method, multiple-model control method
and interactive multiple-model filtering method etc. Despite of the applied method, key
problems lay at two points; the proper model set selection with a certain disintegration

rule and the proper composition rule to ensure the stability of model management.

X



The contents of this book are research achievements of the author and the research
team who have been engaged in the research of theory and method for nonlinear system
multiple-model modeling and control over the past decade. And with the support of Na-
tional Natural Science Foundation of China “Research on Local Multiple Model Based
On-line Trajectory Generation for Hypersonic Vehicles( NO. 61503408 )", the support
of Aeronautical Science Foundation of China “Research of Data Based Multiple-model
Modeling and Control Method for Flight Control System ( NO. 20100196002 )" and
“Nonlinear Control System Design for Air-to-air Missile ( NO. 2006ZC12004 )", the
multiple-model modeling and control problems of aitcraft were deeply researched and
explored with fruitful achievements which contributed to the accomplishments of the
book. The other parts of the book come from the master and doctoral academic disserta-
tions of the author and the scientific publications of the students in the research team.

This book has ten chapters. The major contents consist of three sections. Section
One that includes Chapter Two, Three and Four, discusses multiple-model modeling
theories and approaches of nonlinear system. The piecewise affine approach based off-
line multiple-model modeling, local model approach based on-line multiple-model mod-
eling and lazy learning based on-line multiple-model modeling are introduced respec-
tively. Section Two that includes Chapter Five, Six, Seven and Eight, discusses multi-
ple-model control theories and approaches of nonlinear system. The multiple-model a-
daptive control theory of nonlinear system, multiple-model predictive control, multiple-
model predictive PID control, and sliding mode predictive control based on the on-line
modeling are introduced respectively. Section Three that includes Chapter Nine and
Ten, discusses the application of theories and approaches of nonlinear system multiple-
model modeling and control on the design of the aircraft control system. The fault toler-
ant control of airplane and the flight control of missile based on multiple-model modeling
are introduced.

The author acknowledges everyone who has supported the writing and revision of
this book. Namely a few who have done more. Professor Jiao Licheng of Xidian Univer-
sity, and Professor Hu Changhua of Rocket Force Engineering University provided great
helps and beneficial advices for this book. Associate professor Li Jiong and the students
of the author provided abundant document materials for the research. Thanks them all.
In addition, for further gratitude, thanks to the experts and scholars in this domain, for
their wisdom, sweat and creative work.

Finally, thanks for thesupport of National Natural Science Foundation of China,
Aeronautical Science Foundation of China on Free Exploring Project and National De-

fense Key Laboratory Project for Aviation Guidance Weapon. The same gratitude should
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also be acknowledged to National Defense Science and Technology Publishing Fund and
National Defense Industry Press for their fund and publishing.

At present, the field of multiple-model modeling and control for nonlinear system
has achieved plenty of accomplishments, and keeps developing with fast speed. As the
first systematic monograph about it in China, the publication of this book is exactly at
the right time, and would start a discussion. It would be our great pleasure to promote
the progress of researches in this studying field. Because of our limited knowledge, it
may contain some omissions and fallacies. Valuable suggestions from the readers are

highly welcomed.

Lei Humin
May 2016
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