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Preface to the Second Edition

In preparing the first edition of the Encyclopedia of Systems and Control,
we, the editors, were faced with the daunting task of organizing a discipline
with deep roots and a wide footprint. To help with the undertaking, we were
fortunate that leading experts from around the world agreed to serve as section
editors. Our initial goal of about 200 articles was substantially exceeded,
and the first edition featured 250 contributions in 30 parts – covering both
theoretical and application-oriented topics.

In the several years since the first edition was published, we have been
gratified by the recognition of the work and its usage. But systems and
control is a dynamic discipline. Notable advances have occurred within
the topics covered in the first edition. Moreover, new areas have emerged
where synergy with control is being recognized and exploited. Indeed, as
we reflect on a project that has now extended over almost a decade, we are
struck by the increasingly cross-disciplinary currents that are influencing the
directions of research in the field while also being guided by its mathematical
underpinnings.

The vitality of systems and control as a discipline is evident in the
additions to this second edition. Once again our goal, this time of about
50 new articles, was overachieved. With 366 articles in 39 parts, it would
take a leap year of reading an article a day to exhaust the material in the
new book! In addition to updates from the first edition, new topics include
biomedical devices, building control, CPS/IoT, human-in-the-loop control,
machine learning, control of micro and nano systems, quantum control, and
vision-based control. As with the first edition, the current edition aims to
make the vast array of topics that are now considered part of systems and
control accessible to everyone who needs an introduction and also provides
extensive pointers to further reading.
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vi Preface to the Second Edition

We continue to owe an enormous debt to major intellectual leaders in the
field who agreed to serve as topical section editors (the list appears on the
following pages). They have recruited teams of experts as authors and have
managed extensive peer review of everything that appears in these volumes.
We once again wish to express our gratitude to the many professionals
at Springer who have supported the encyclopedia, notably Oliver Jackson,
Andrew Spencer, and Vasowati Shome. We hope readers find this second
edition of the encyclopedia a useful and valuable compendium for a discipline
that is central to our technologically driven world today.

Boston, USA John Baillieul
Minneapolis, USA Tariq Samad
April 2021



Preface to the First Edition

The history of Automatic Control is both ancient and modern. If we adopt the
broad view that an automatic control system is any mechanism by which an
input action and output action are dynamically coupled, then the origins of
this encyclopedia’s subject matter may be traced back more than 2,000 years
to the era of primitive time-keeping and the clepsydra water clock perfected
by Ctesibius of Alexandria. In more recent history, frequently cited examples
of feedback control include the automatically refilling reservoirs of flush
toilets (perfected in the late nineteenth century) and the celebrated flyball
steam-flow governor described in J.C. Maxwell’s 1868 Royal Society of
London paper – “On Governors.”

Although it is useful to keep the technologies of antiquity in mind, the
history of systems and control as covered in the pages of this encyclopedia
begins in the twentieth century. The history was profoundly influenced by
work of Nyqvist, Black, Bode, and others who were developing amplifier
theory in response to the need to transmit wireline signals over long distances.
This research provided major conceptual advances in feedback and stability
that proved to be of interest in the theory of servomechanisms that was being
developed at the same time. Driven by the need for fast and accurate control of
weapons systems during World War II, automatic control developed quickly
as a recognizable discipline.

While the developments of the first half of the twentieth century are an
important backdrop for the Encyclopedia of Systems and Control, most of the
topics directly treat developments from 1948 to the present. The year 1948
was auspicious for systems and control – and indeed for all the information
sciences. Norbert Wiener’s book Cybernetics was published by Wiley, the
transistor was invented (and given its name), and Shannon’s seminal paper
“A Mathematical Theory of Communication” was published in the Bell
System Technical Journal. In the years that followed, important ideas of
Shannon, Wiener, Von Neumann, Turing, and many others changed the way
people thought about the basic concepts of control systems. The theoretical
advances have propelled industrial and societal impact as well (and vice
versa). Today, advanced control is a crucial enabling technology in domains
as numerous and diverse as aerospace, automotive, and marine vehicles; the
process industries and manufacturing; electric power systems; homes and
buildings; robotics; communication networks; economics and finance; and
biology and biomedical devices.
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viii Preface to the First Edition

It is this incredible broadening of the scope of the field that has motivated
the editors to assemble the entries that follow. This encyclopedia aims to help
students, researchers, and practitioners learn the basic elements of a vast array
of topics that are now considered part of systems and control. The goal is to
provide entry-level access to subject matter together with cross-references to
related topics and pointers to original research and source material.

Entries in the encyclopedia are organized alphabetically by title, and
extensive links to related entries are included to facilitate topical reading
– these links are listed in “Cross-References” sections within entries. All
crossreferenced entries are indicated by a preceding symbol: �. In the
electronic version of the encyclopedia these entries are hyperlinked for ease
of access.

The creation of the Encyclopedia of Systems and Control has been a major
undertaking that has unfolded over a 3-year period. We owe an enormous debt
to major intellectual leaders in the field who agreed to serve as topical section
editors. They have ensured the value of the opus by recruiting leading experts
in each of the covered topics and carefully reviewing drafts. It has been a
pleasure also to work with Oliver Jackson and Andrew Spencer of Springer,
who have been unfailingly accommodating and responsive over this time.

As we reflect back over the course of this project, we are reminded of
how it began. Gary Balas, one of the world’s experts in robust control and
aerospace applications, came to one of us after a meeting with Oliver at the
Springer booth at a conference and suggested this encyclopedia – but was
adamant that he wasn’t the right person to lead it. The two of us took the
initiative (ultimately getting Gary to agree to be the section editor for the
aerospace control entries). Gary died last year after a courageous fight with
cancer. Our sense of accomplishment is infused with sadness at the loss of a
close friend and colleague.

We hope readers find this encyclopedia a useful and valuable compendium
and we welcome your feedback.

Boston, USA John Baillieul
Minneapolis, USA Tariq Samad
May 2015

http://link.springer.com/\protect \kern -.1667em\relax 
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Tamer Başar Coordinated Science Laboratory, Department of Electrical
and Computer Engineering, University of Illinois at Urbana-Champaign,
Urbana, IL, USA

Geometric Optimal Control

Anthony Bloch Department of Mathematics, The University of Michigan,
Ann Arbor, MI, USA

Human-in-the-Loop Control

Tariq Samad Technological Leadership Institute, University of Minnesota,
Minneapolis, MN, USA

Hybrid Systems

Françoise Lamnabhi-Lagarrigue Laboratoire des Signaux et Systèmes,
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Tamer Başar Coordinated Science Laboratory, Department of Electrical
and Computer Engineering, University of Illinois at Urbana-Champaign,
Urbana, IL, USA

Georges Bastin Department of Mathematical Engineering, ICTEAM,
UCLouvain, Louvain-La-Neuve, Belgium

Karine Beauchard CNRS, CMLS, Ecole Polytechnique, Palaiseau, France

Burcin Becerik-Gerber Sonny Astani Department of Civil and Environ-
mental Engineering, Viterbi School of Engineering, University of Southern
California, Los Angeles, CA, USA

Nikolaos Bekiaris-Liberis Department of Electrical and Computer
Engineering, Technical University of Crete, Chania, Greece



List of Contributors xxiii

Christine M. Belcastro NASA Langley Research Center, Hampton, VA,
USA

Calin Belta Mechanical Engineering, Boston University, Boston, MA, USA

Alberto Bemporad IMT Institute for Advanced Studies Lucca, Lucca, Italy

Peter Benner Max Planck Institute for Dynamics of Complex Technical
Systems, Magdeburg, Germany

Pierre Bernhard INRIA-Sophia Antipolis-Méditerranée, Sophia Antipolis,
France

B. Wayne Bequette Chemical and Biological Engineering, Rensselaer
Polytechnic Institute, Troy, NY, USA

Tomasz R. Bielecki Department of Applied Mathematics, Illinois Institute
of Technology, Chicago, IL, USA

Franco Blanchini University of Udine, Udine, Italy

Mogens Blanke Department of Electrical Engineering, Automation and
Control Group, Technical University of Denmark (DTU), Lyngby, Denmark

Centre for Autonomous Marine Operations and Systems (AMOS),
Norwegian University of Science and Technology, Trondheim, Norway

Anthony Bloch Department of Mathematics, The University of Michigan,
Ann Arbor, MI, USA

Bernard Bonnard Institute of Mathematics, University of Burgundy, Dijon,
France

Dominique Bonvin Laboratoire d’Automatique, École Polytechnique
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Federico Santa Marı́a, Valparaı́so, Chile

Aranya Chakrabortty Electrical and Computer Engineering Department,
North Carolina State University, Raleigh, NC, USA

François Chaumette Inria, Univ Rennes, CNRS, IRISA, Rennes, France

Chien Chern Cheah School of Electrical and Electronic Engineering,
Nanyang Technological University, Singapore, Singapore

Jie Chen City University of Hong Kong, Hong Kong, China



List of Contributors xxv

Ben M. Chen Department of Mechanical and Automation Engineering,
Chinese University of Hong Kong, Shatin/Hong Kong, China

Han-Fu Chen Key Laboratory of Systems and Control, Institute of Systems
Science, AMSS, Chinese Academy of Sciences, Beijing, People’s Republic
of China

Jian Chen State Key Laboratory of Industrial Control Technology, College
of Control Science and Engineering, Zhejiang University, Hangzhou, China

Tongwen Chen Department of Electrical and Computer Engineering,
University of Alberta, Edmonton, AB, Canada

Wei Chen Department of Electronic and Computer Engineering, Hong Kong
University of Science and Technology, Kowloon, Hong Kong, China

Xiang Chen Department of Electrical and Computer Engineering, Univer-
sity of Windsor, Windsor, ON, Canada

Yimin Chen Building Technology and Urban Systems Division, Lawrance
Berkeley National Laboratory, Berkeley, CA, USA

Giovanni Cherubini IBM Research – Zurich, Rüschlikon, Switzerland
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César de Prada Departamento de Ingenierı́a de Sistemas y Automática,
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Christoph Kawan Courant Institute of Mathematical Sciences, New York
University, New York, USA

Matthias Kawski School of Mathematical and Statistical Sciences, Arizona
State University, Tempe, AZ, USA

Hassan K. Khalil Department of Electrical and Computer Engineering,
Michigan State University, East Lansing, MI, USA

Mustafa Khammash Department of Biosystems Science and Engineering,
Swiss Federal Institute of Technology at Zurich (ETHZ), Basel, Switzerland

Dong-Ki Kim Department of Aeronautics and Astronautics, Aerospace
Controls Laboratory, Massachusetts Institute of Technology, Cambridge,
MA, USA

Rudibert King Technische Universität Berlin, Berlin, Germany

Jens Kober Cognitive Robotics Department, Delft University of Technol-
ogy, Delft, The Netherlands

Ivan Kolesov Department of Computer Science, Stony Brook University,
Stony Brook, NY, USA

Peter Kotanko Renal Research Institute, New York, NY, USA

Icahn School of Medicine at Mount Sinai, New York, NY, USA

Basil Kouvaritakis Department of Engineering Science, University of
Oxford, Oxford, UK

Arthur J. Krener Department of Applied Mathematics, Naval Postgraduate
School, Monterey, CA, USA

Miroslav Krstic Department of Mechanical and Aerospace Engineering,
University of California, San Diego, La Jolla, CA, USA
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Romeo Ortega Laboratoire des Signaux et Systèmes, Centrale Supélec,
CNRS, Plateau de Moulon, Gif-sur-Yvette, France

Richard W. Osborne University of Connecticut, Storrs, CT, USA

Martin Otter Institute of System Dynamics and Control, German
Aerospace Center (DLR), Wessling, Germany

David H. Owens Zhengzhou University, Zhengzhou, P.R. China

Automatic Control and Systems Engineering, University of Sheffield,
Sheffield, UK



List of Contributors xxxv
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