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Foreword

Cyber-Physical Systems (CPS) have been a critical driving force for economic development during the
beginning of the 21st century. An organized effort to define CPS research and development and to es-
tablish a sponsored research program commenced 10 years ago. In 2006, the Computer and Network
System Division (CNS) of the US National Science Foundation (NSF) reviewed its research programs
and decided to initiate a new direction by emphasizing engineering systems that are built from and
depend upon the integration of computational and physical components. Consequently, the Computer
System Research (CSR) program of CNS was revised and CPS became a thematic research area in CSR
program. With the support from the NSF Directorate for Computer & Information Science & Engineer-
ing (CISE), the first call-for-proposal of this new research program was announced in Fall 2006 (NSF
07-504).

This first CPS research program received enthusiastic response from all academic, industrial, and
governmental sectors. The first workshop about CPS research and development was held in Austin,
Texas, in October 2006, with a mission to define the agenda of CPS research and development for
the nation. The effort was quickly recognized by the President’s Council of Advisors on Science
and Technology (PCAST). In PCAST’s 2007 report, CPS was given a top priority for substantial re-
search investment. In 2008, the NSF elevated its support for CPS research by launching a fully fledged
research program (NSF 08-611), which has now become a core NSF program jointly supported and
managed by multiple agencies, including the Department of Homeland Security, the Department of
Transportation, the National Aeronautics and Space Administration, the National Institutes of Health,
and the Department of Agriculture. Many other countries and organizations have launched similar ef-
forts, triggering a large-scale, globally organized effort on CPS research, education, and development.
Consequently, the CPS community has had tremendous growth. Currently, in the United States alone,
thousands of researchers and developers are actively working in this emerging field.

This book covers recent advances on Cyber-Physical System research and development, which I
believe is the best way to celebrate the 10th anniversary of launching the first CPS program. The papers
collected for this book not only report the results in CPS research and development accomplished in the
last decade, but they also address open challenging research issues yet to be explored for the success of
CPS long-term development.

W. Zhao
Chair professor and rector (president) of the University of Macau
Former director of NSF Computer and Network Systems Division
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Preface

Cyber-physical systems (CPSs) are transforming the way people interact with engineered systems, just
as the Internet transformed the way people interact with information. CPSs integrate cyber components
(namely, sensing, computation, control, and networking) into physical components (namely, physical
objects, infrastructure, and human users), connecting them to the Internet and to each other. CPSs are
characterized by much higher capability, adaptability, scalability, resiliency, safety, security, and us-
ability. CPS will drive innovation and competition in an ever-growing set of application domains, and
enable a smart and connected world to address grand societal challenges.

Tremendous progress has been made in advancing CPS science, technology and engineering over
the past decade since the term “CPS” emerged in 2006. An increasing number of scientists and
engineers motivated by CPS are building a research community committed to advancing research
and education in CPS and to transitioning CPS science and technology into engineering practice.
However, there is not a book to present the state-of-the-art and the state of the practice of CPS from
the perspective of systems science and engineering. This book serves the purpose of preparing
scientists and engineers from various backgrounds for making CPS a reality.

This edited book, Cyber-Physical Systems: Foundations, Principles, and Applications, aims to
present the scientific foundations and engineering principles needed to realize CPS, and various
CPS applications. Towards this goal, this book is organized into three parts: Foundations, Principles,
and Applications.

Part 1 is composed of nine chapters. In addition to the opportunities and challenges of CPS (Chapter 1),
this part presents various scientific foundations of CPS, including real-time control and adaptation for
CPS (Chapters 2 and 3), energy harvesting (Chapter 4), communications and networking (Chapter 5),
big data (Chapter 6), computation (Chapter 7), decision-making (Chapter 8), CPS security and privacy
(Chapter 9).

Part 2 is composed of 11 chapters. This part presents various engineering principles of CPS,
including human-CPS interaction (Chapter 10), signal processing (Chapter 11), system design and
verification (Chapters 12 and 19), CPS autonomy (Chapter 13), localization (Chapter 14), green
communications and networking (Chapter 15), wireless charging (Chapter 16), game theory
(Chapter 17), machine learning (Chapter 18), and smart and connected communities (Chapter 20).

Part 3 is composed of seven chapters. This part presents various CPS applications, spanning
agriculture (Chapter 25), energy (Chapters 24 and 27), transportation (Chapters 22 and 23), and
manufacturing (Chapters 21 and 26).

This book would not have been possible without the help of many people. First, we would like to
thank all the contributors and reviewers of the book from all over the world. Second, we would like to
thank our editorial assistants, Ruth Hausmann, Denis Ozdemir, Alicia Droge, all at RWTH Aachen
University, who provided indispensable support at all stages of the editorial process of the book. Also
we would like to thank our Editorial Project Manager, Amy Invernizzi at Morgan Kaufmann, Imprint of
Elsevier, and our Senior Acquisitions Editor, Brian Romer at Elsevier, who helped shepherd us through
the book-editing process. Third, we would like to acknowledge the German Research Foundation
(DFG) for funding the Cluster of Excellence “Integrative Production Technology for High-Wage
Countries™ of the RWTH Aachen University within the German Excellence Initiative. Further, we
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would like to acknowledge the German Federation of Industrial Research Associations (AiF) for fund-
ing research projects of the RWTH Aachen University in the context of small- and medium-sized
enterprises.

Houbing Song
Danda B. Rawat
Sabina Jeschke
Christian Brecher
May 2016
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