Preface

Stability theory has allowed us to study both qualitative and quantitative
properties of dynamical systems, and control theory has played a key role in
designing numerous systems. Contemporary sensing and communication net-
works enable collection and subscription of geographically-distributed infor-
mation and such information can be used to enhance significantly the perfor-
mance of many of existing systems. Through a shared sensing/communication
network, heterogeneous systems can now be controlled to operate robustly and
autonomously; cooperative control is to make the systems act as one group
and exhibit certain cooperative behavior, and it must be pliable to physical
and environmental constraints as well as be robust to intermittency, latency
and changing patterns of the information flow in the network. This book
attempts to provide a detailed coverage on the tools of and the results on
analyzing and synthesizing cooperative systems. Dynamical systems under
consideration can be either continuous-time or discrete-time, either linear or
non-linear, and either unconstrained or constrained.

Technical contents of the book are divided into three parts. The first part
consists of Chapters 1, 2, and 4. Chapter 1 provides an overview of coopera-
tive behaviors, kinematical and dynamical modeling approaches, and typical
vehicle models. Chapter 2 contains a review of standard analysis and design
tools in both linear control theory and non-linear control theory. Chapter 4 is
a focused treatment of non-negative matrices and their properties, multiplica-
tive sequence convergence of non-negative and row-stochastic matrices, and
the presence of these matrices and sequences in linear cooperative systems.

The second part of the book deals with cooperative control designs that
synthesize cooperative behaviors for dynamical systems. In Chapter 5, linear
dynamical systems are considered, the matrix-theoretical approach developed
in Chapter 4 is used to conclude cooperative stability in the presence of local,
intermittent, and unpredictable changes in their sensing and communication
network, and a class of linear cooperative controls is designed based only
on relative measurements of neighbors’ outputs. In Chapter 6, cooperative
stability of heterogeneous non-linear systems is considered, a comparative
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and topology-based Lyapunov argument and the corresponding comparison
theorem on cooperative stability are introduced, and cooperative controls are
designed for several classes of non-linear networked systems.

As the third part, the aforementioned results are applied to a team of
unmanned ground and aerial vehicles. It is revealed in Chapter 1 that these
vehicles belong to the class of so-called non-holonomic systems. Accordingly, in
Chapter 3, properties of non-holonomic systems are investigated, their canon-
ical form is derived, and path planning and control designs for an individual
non-holonomic system are carried out. Application of cooperative control to
vehicle systems can be found in Sections 5.3, 6.5 and 6.6.

During the last 18 years at University of Central Florida, I have developed
and taught several new courses, including “EEL4664 Autonomous Robotic
Systems,” “EEL6667 Planning and Control for Mobile Robotic Systems,” and
“EEL6683 Cooperative Control of Networked and Autonomous Systems.” In
recent years I also taught summer short courses and seminars on these topics
at several universities abroad. This book is the outgrowth of my course notes,
and it incorporates many research results in the most recent literature. When
teaching senior undergraduate students, I have chosen to cover mainly all the
matrix results in Chapters 2 and 4, to focus upon linear cooperative systems
in Chapter 5, and to apply cooperative control to simple vehicle models (with
the aid of dynamic feedback linearization in Chapter 3). At the graduate level,
many of our students have already taken our courses on linear system theory
and on non-linear systems, and hence they are able to go through most of
the materials in the book. In analyzing and designing cooperative systems,
autonomous vehicles are used as examples. Most students appear to find this
a happy pedagogical practice, since they become familiar with both theory
and application(s).

I wish to express my indebtedness to the following research collaborators
for their useful comments and suggestions: Kevin L. Conrad, Mark Falash,
Richard A. Hull, Clinton E. Plaisted, Eytan Pollak, and Jing Wang. My thanks
go to former postdoctors and students in our Controls and Robotics Labora-
tories; in particular, Jing Wang generated many of the simulation results for
the book and provided assistance in preparing a few sections of Chapters 1
and 3, and Jian Yang coded the real-time path planning algorithm and gen-
erated several figures in Chapter 3. I also wish to thank Thomas Ditzinger,
Oliver Jackson, Sorina Moosdorf, and Aislinn Bunning at Springer and Cor-
nelia Kresser at le-tex publishing services oHG for their assistance in getting
the manuscript ready for publication.

My special appreciation goes to the following individuals who profession-
ally inspired and supported me in different ways over the years: Tamer Basar,
Theodore Djaferis, John F. Dorsey, Erol Gelenbe, Abraham H. Haddad, Mo-
hamed Kamel, Edward W. Kamen, Miroslav Krstic, Hassan K. Khalil, Petar
V. Kokotovic, Frank L. Lewis, Marwan A. Simaan, Mark W. Spong, and Yorai
Wardi.
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Finally, I would like to acknowledge the following agencies and companies
which provided me research grants over the last eight years: Army Research
Laboratory, Department of Defense, Florida High Tech Council, Florida Space
Grant Consortium, Florida Space Research Initiative, L-3 Communications
Link Simulation & Training, Lockheed Martin Corporation, Microtronic Inc.,
NASA Kennedy Space Center, National Science Foundation (CISE, CMMI,
and MRI), Oak Ridge National Laboratory, and Science Applications Inter-
national Corporation (SAIC).
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