CYBER PHYSICAL SYSTEMS ENGINEERING

CYBER PHYSICAL SYSTEMS ENGINEERING REPRESENTS A MULTIDISCIPLINARY FIELD THAT INTEGRATES COMPUTATION, NETWORKING,
AND PHYSICAL PROCESSES. THIS ENGINEERING DOMAIN FOCUSES ON THE DESIGN, DEVELOPMENT, AND OPTIMIZATION OF SYSTEMS
\WHERE EMBEDDED COMPUTERS MONITOR AND CONTROL PHYSICAL COMPONENTS, OFTEN IN REAL TIME. AS INDUSTRIES
INCREASINGLY ADOPT AUTOMATION AND INTELLIGENT SYSTEMS, CYBER PHYSICAL SYSTEMS HAVE BECOME FOUNDATIONAL TO
INNOVATIONS IN MANUFACTURING, TRANSPORTATION, HEALTHCARE, AND ENERGY MANAGEMENT. CYBER PHYSICAL SYSTEMS
ENGINEERING BLENDS PRINCIPLES FROM COMPUTER SCIENCE, ELECTRICAL ENGINEERING, MECHANICAL ENGINEERING, AND CONTROL
THEORY TO ENSURE SEAMLESS INTERACTION BETWEEN CYBER AND PHYSICAL ELEMENTS. THIS ARTICLE EXPLORES THE CORE
CONCEPTS, APPLICATIONS, CHALLENGES, AND FUTURE TRENDS IN CYBER PHYSICAL SYSTEMS ENGINEERING, PROVIDING AN
AUTHORITATIVE OVERVIEW FOR PROFESSIONALS AND RESEARCHERS. THE DISCUSSION WILL BEGIN WITH FUNDAMENTAL
DEFINITIONS AND THEN PROGRESS INTO SYSTEM ARCHITECTURES, DESIGN METHODOLOGIES, SECURITY CONSIDERATIONS, AND
EMERGING TECHNOLOGIES. THE FOLLOWING SECTIONS OFFER A COMPREHENSIVE GUIDE TO UNDERSTANDING THE PIVOTAL ROLE OF
CYBER PHYSICAL SYSTEMS ENGINEERING IN MODERN TECHNOLOGICAL LANDSCAPES.
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FUNDAMENTALS OF CYBER PHYSICAL SYSTEMS ENGINEERING

CYBER PHYSICAL SYSTEMS ENGINEERING INVOLVES THE INTEGRATION OF COMPUTATIONAL ALGORITHMS AND PHYSICAL
COMPONENTS TO CREATE SYSTEMS CAPABLE OF INTERACTING WITH THE PHYSICAL WORLD IN A CONTROLLED AND INTELLIGENT
MANNER. THESE SYSTEMS COMBINE SENSORS, ACTUATORS, EMBEDDED PROCESSORS, AND COMMUNICATION NETWORKS TO
MONITOR AND MANIPULATE PHYSICAL PROCESSES. THE FOUNDATIONAL GOAL IS TO ACHIEVE REAL-TIME, RELIABLE, AND
ADAPTIVE OPERATION ACROSS DIVERSE ENVIRONMENTS.

DeriNiTION AND Core CONCEPTS

ATITS CORE, CYBER PHYSICAL SYSTEMS (CPS) ARE ENGINEERED SYSTEMS THAT TIGHTLY COUPLE THE CYBER AND PHYSICAL
DOMAINS THROUGH FEEDBACK LOOPS. SENSORS COLLECT DATA FROM THE PHYSICAL ENVIRONMENT, WHICH IS PROCESSED BY

EMBEDDED COMPUTATION UNITS. BASED ON THIS DATA, ACTUATORS PERFORM ACTIONS THAT AFFECT THE PHYSICAL WORLD
CLOSING THE LOOP. THIS INTERACTION ENABLES CPS TO RESPOND DYNAMICALLY TO CHANGES AND UNCERTAINTIES IN REAL-
TIME.

’

Key COMPONENTS

THE FUNDAMENTAL COMPONENTS OF CYBER PHYSICAL SYSTEMS INCLUDE:

® SENSORS: DEVICES THAT DETECT ENVIRONMENTAL OR SYSTEM PARAMETERS SUCH AS TEMPERATURE, PRESSURE, OR
MOTION.

® ACTUATORS: MECHANISMS THAT PERFORM ACTIONS BASED ON COMPUTATIONAL COMMANDS, SUCH AS MOTORS OR
VALVES.



® EMBEDDED PROCESSORS: MICROCONTROLLERS OR MICROPROCESSORS RESPONSIBLE FOR DATA PROCESSING AND CONTROL.

e COMMUNICATION NETWORKS: CHANNELS ENABLING DATA EXCHANGE BETWEEN SYSTEM COMPONENTS AND EXTERNAL
ENTITIES.

® SOFTWARE ALGORITHMS: CONTROL LOGIC AND DECISION-MAKING PROCESSES THAT GOVERN SYSTEM BEHAVIOR.

DesiGN AND ARCHITECTURE oF CYBER PHYSICAL SYSTEMS

THE DESIGN AND ARCHITECTURE OF CYBER PHYSICAL SYSTEMS ENGINEERING REQUIRE A HOLISTIC APPROACH THAT ADDRESSES
BOTH THE CYBER AND PHYSICAL ASPECTS IN A UNIFIED FRAMEWORK. SYSTEM ARCHITECTS MUST ENSURE THAT TIMING,
RELIABILITY, SAFETY, AND SECURITY REQUIREMENTS ARE MET WHILE ENABLING SCALABILITY AND FLEXIBILITY.

SYSTEM MODELING AND SIMULATION

MODELING IS A CRITICAL STEP IN CYBER PHYSICAL SYSTEMS ENGINEERING, ALLOWING DESIGNERS TO SIMULATE SYSTEM BEHAVIOR
UNDER VARIOUS CONDITIONS. TECHNIQUES SUCH AS HYBRID AUTOMATA, DIFFERENTIAL EQUATIONS, AND STATE MACHINES ARE
USED TO REPRESENT THE CONTINUOUS DYNAMICS OF PHYSICAL PROCESSES ALONGSIDE DISCRETE CYBER EVENTS. SIMULATION
TOOLS HELP VALIDATE SYSTEM PERFORMANCE AND IDENTIFY POTENTIAL DESIGN FLAWS BEFORE IMPLEMENTATION.

ARCHITECTURAL PATTERNS

COMMON ARCHITECTURAL PATTERNS IN CPS INCLUDE:

® DISTRIBUTED ARCHITECTURE: COMPONENTS ARE SPREAD ACROSS NET\WORKS, ENABLING SCALABILITY AND FAULT
TOLERANCE.

® HIERARCHICAL ARCHITECTURE: SYSTEMS ARE ORGANIZED IN LAYERS, WITH HIGHER LAYERS MANAGING OVERALL CONTROL
AND LOWER LAYERS HANDLING DIRECT INTERACTIONS WITH PHYSICAL ELEMENTS.

o SERVICE-ORIENTED ARCHITECTURE (SOA): CPS FUNCTIONALITIES ARE PROVIDED AS MODULAR SERVICES THAT CAN BE
COMPOSED FLEXIBLY.

ReAL-TIME SYSTEMS AND SCHEDULING

REAL-TIME CONSTRAINTS ARE FUNDAMENTAL IN CYBER PHYSICAL SYSTEMS ENGINEERING, AS TIMELY RESPONSES CAN BE CRITICAL
TO SYSTEM SAFETY AND EFFECTIVENESS. SCHEDULING ALGORITHMS PRIORITIZE TASKS TO ENSURE DEADLINES ARE MET,
BALANCING COMPUTATIONAL LOAD AND RESOURCE AVAILABILITY. TECHNIQUES SUCH AS RATE-MONOTONIC SCHEDULING AND
EARLIEST-DEADLINE-FIRST ARE COMMONLY EMPLOYED.

APPLICATIONS OF CYBER PHYSICAL SYSTEMS ENGINEERING

CYBER PHYSICAL SYSTEMS HAVE A BROAD RANGE OF APPLICATIONS ACROSS VARIOUS INDUSTRIES, DRIVING INNOVATION AND
IMPROVING OPERATIONAL EFFICIENCY. THEIR ABILITY TO INTEGRATE SENSING, COMPUTATION, AND ACTUATION IN REAL TIME
ENABLES TRANSFORMATIVE CAPABILITIES IN BOTH CONSUMER AND INDUSTRIAL DOMAINS.



SMART MANUFACTURING AND INDUSTRY 4.0

IN MANUFACTURING, CYBER PHYSICAL SYSTEMS ENGINEERING UNDERPINS THE DEVELOPMENT OF SMART FACTORIES WHERE
MACHINES ARE INTERCONNECTED AND CAPABLE OF AUTONOMOUS DECISION-MAKING. THIS LEADS TO OPTIMIZED PRODUCTION
PROCESSES, PREDICTIVE MAINTENANCE, AND ENHANCED QUALITY CONTROL, ALL CONTRIBUTING TO INDUSTRY 4.0 INITIATIVES.

TRANSPORTATION SYSTEMS

ADVANCED TRANSPORTATION SYSTEMS UTILIZE CPS FOR AUTONOMOUS VEHICLES, TRAFFIC MANAGEMENT, AND
INFRASTRUCTURE MONITORING. EMBEDDED SENSORS AND CONTROL UNITS ENABLE VEHICLES TO NAVIGATE SAFELY, COMMUNICATE
WITH OTHER VEHICLES AND TRAFFIC INFRASTRUCTURE, AND ADAPT TO DYNAMIC ROAD CONDITIONS.

HeALTHCARE AND MeDICAL DEeVICES

CYBER PHYSICAL SYSTEMS ENGINEERING ENHANCES HEALTHCARE THROUGH SMART MEDICAL DEVICES, REMOTE MONITORING
SYSTEMS, AND ROBOTIC SURGERY. THESE SYSTEMS IMPROVE PATIENT OUTCOMES BY PROVIDING REAL-TIME DATA, PRECISE
CONTROL, AND AUTOMATED INTERVENTIONS.

ENERGY MANAGEMENT AND SMART GRIDS

SMART GRIDS RELY ON CYBER PHYSICAL SYSTEMS TO BALANCE ENERGY SUPPLY AND DEMAND DYNAMICALLY. SENSORS AND
CONTROLLERS MONITOR GRID CONDITIONS, OPTIMIZE ENERGY DISTRIBUTION, AND INTEGRATE RENEW ABLE ENERGY SOURCES,
LEADING TO MORE RELIABLE AND EFFICIENT POWER SYSTEMS.

CHALLENGES AND SECURITY IN CYBER PHYSICAL SYSTEMS

DESPITE THEIR ADVANTAGES, CYBER PHYSICAL SYSTEMS ENGINEERING FACES SIGNIFICANT CHALLENGES RELATED TO COMPLEXITY,
SECURITY, AND SAFETY. ADDRESSING THESE ISSUES IS ESSENTIAL TO ENSURE TRUSTWORTHY AND RESILIENT SYSTEMS.

SYsSTEM COMPLEXITY AND INTEGRATION

THE INTEGRATION OF HETEROGENEOUS COMPONENTS AND TECHNOLOGIES RESULTS IN COMPLEX CPS ARCHITECTURES. MANAGING
INTEROPERABILITY, REAL-TIME PERFORMANCE, AND FAULT TOLERANCE REQUIRES SOPHISTICATED DESIGN AND VALIDATION
METHODOLOGIES.

SECURITY VULNERABILITIES

CYBER PHYSICAL SYSTEMS ARE SUSCEPTIBLE TO CYBERATTACKS THAT CAN DISRUPT PHYSICAL PROCESSES WITH POTENTIALLY
CATASTROPHIC CONSEQUENCES. SECURITY MEASURES MUST INCLUDE ENCRYPTION, AUTHENTICATION, INTRUSION DETECTION,
AND SECURE COMMUNICATION PROTOCOLS TO PROTECT SYSTEM INTEGRITY AND CONFIDENTIALITY.

SAFETY AND RELIABILITY

Because CPS OFTEN OPERATE IN SAFETY-CRITICAL DOMAINS, ENSURING SYSTEM RELIABILITY AND FAIL-SAFE MECHANISMS IS
PARAMOUNT. TECHNIQUES SUCH AS REDUNDANCY, FORMAL VERIFICATION, AND RIGOROUS TESTING ARE EMPLOYED TO MINIMIZE
RISKS AND ENSURE PREDICTABLE BEHAVIOR UNDER FAULTS.



FUTURE TrReENDS IN CYBER PHYSICAL SYSTEMS ENGINEERING

THE EVOLUTION OF CYBER PHYSICAL SYSTEMS ENGINEERING CONTINUES TO BE DRIVEN BY ADVANCEMENTS IN ARTIFICIAL
INTELLIGENCE, CONNECTIVITY, AND HARDW ARE TECHNOLOGIES. EMERGING TRENDS PROMISE TO EXPAND THE CAPABILITIES AND
APPLICATIONS OF CPS SIGNIFICANTLY.

INTEGRATION OF ARTIFICIAL INTELLIGENCE

INCORPORATING Al AND MACHINE LEARNING INTO CYBER PHYSICAL SYSTEMS ENABLES ADAPTIVE, INTELLIGENT DECISION-MAKING
THAT IMPROVES SYSTEM AUTONOMY AND RESPONSIVENESS. Al CAN ENHANCE PREDICTIVE MAINTENANCE, ANOMALY DETECTION,
AND SYSTEM OPTIMIZATION.

EbGe AND Foc COMPUTING

DECENTRALIZING COMPUTATION CLOSER TO DATA SOURCES THROUGH EDGE AND FOG COMPUTING REDUCES LATENCY AND
BANDWIDTH USAGE, ENABLING FASTER REAL-TIME PROCESSING AND IMPROVED SYSTEM SCALABILITY IN CPS.

5G AND BEYoND CONNECTIVITY

ADVANCED COMMUNICATION TECHNOLOGIES SUCH AS 5G PROVIDE ULTRA-RELIABLE, LOW-LATENCY CONNECTIONS ESSENTIAL
FOR MISSION-CRITICAL CPS APPLICATIONS LIKE AUTONOMOUS VEHICLES AND REMOTE SURGERY.

ENHANCED SECURITY FRAMEWORKS

FUTURE CYBER PHYSICAL SYSTEMS ENGINEERING WILL EMPHASIZE PROACTIVE SECURITY FRAMEWORKS THAT INCORPORATE
BLOCKCHAIN, HARDW ARE-BASED SECURITY MODULES, AND CONTINUOUS MONITORING TO SAFEGUARD AGAINST EVOLVING
THREATS.

FREQUENTLY ASkeD QUESTIONS

W/HAT ARE CYBER PHYSICAL SYSTEMS (CPS) IN ENGINEERING?

CYBER PHYSICAL SYSTEMS (CPS) ARE INTEGRATIONS OF COMPUTATION, NETWORKING, AND PHYSICAL PROCESSES. IN
ENGINEERING, CPS INVOLVES THE DESIGN AND DEVELOPMENT OF SYSTEMS WHERE EMBEDDED COMPUTERS MONITOR AND CONTROL
PHYSICAL PROCESSES, TYPICALLY WITH FEEDBACK LOOPS WHERE PHYSICAL PROCESSES AFFECT COMPUTATIONS AND VICE
VERSA.

\WHY IS CYBERSECURITY IMPORTANT IN CYBER PHYSICAL SYSTEMS ENGINEERING?

CYBERSECURITY IS CRUCIAL IN CYBER PHYSICAL SYSTEMS ENGINEERING BECAUSE CPS OFTEN CONTROL CRITICAL
INFRASTRUCTURE SUCH AS POWER GRIDS, TRANSPORTATION SYSTEMS, AND HEALTHCARE DEVICES. A SECURITY BREACH CAN
LEAD TO PHYSICAL DAMAGE, SAFETY HAZARDS, AND SIGNIFICANT OPERATIONAL DISRUPTIONS.

\WHAT ARE THE KEY CHALLENGES IN DESIGNING CYBER PHYSICAL SYSTEMS?

KEY CHALLENGES INCLUDE ENSURING REAL-TIME PERFORMANCE, SYSTEM RELIABILITY, SECURITY AGAINST CYBER THREATS,
INTEGRATION OF HETEROGENEOUS COMPONENTS, MANAGING COMPLEXITY, AND ACHIEVING SEAMLESS INTERACTION BETWEEN
COMPUTATIONAL AND PHYSICAL ELEMENTS.



How IS ARTIFICIAL INTELLIGENCE USED IN CYBER PHYSICAL SYSTEMS ENGINEERING?

ARTIFICIAL INTELLIGENCE (AD IS USED IN CPS TO ENABLE INTELLIGENT DECISION-MAKING, PREDICTIVE MAINTENANCE, ADAPTIVE
CONTROL, ANOMALY DETECTION, AND OPTIMIZATION OF SYSTEM PERFORMANCE. Al TECHNIQUES HELP CPS TO OPERATE
AUTONOMOUSLY AND EFFICIENTLY IN DYNAMIC ENVIRONMENTS.

\WHAT INDUSTRIES BENEFIT THE MOST FROM CYBER PHYSICAL SYSTEMS ENGINEERING?

INDUSTRIES SUCH AS MANUFACTURING (|NDUSTEY 40), AUTOMOTIVE <AUTONOMOUS VEHICLES), HEALTHCARE (MEDICAL
DEVICES)/ ENERGY (SMART GRIDS)/ TRANSPORTATION (INTELLIGENT TRAFFIC SYSTEMS), AND AEROSPACE GREATLY BENEFIT FROM
ADVANCEMENTS IN CYBER PHYSICAL SYSTEMS ENGINEERING.

ADDITIONAL RESOURCES

1. CyBER-PHYSICAL SYSTEMS: FOUNDATIONS, PRINCIPLES AND APPLICATIONS

THIS BOOK OFFERS A COMPREHENSIVE INTRODUCTION TO CYBER-PHYSICAL SYSTEMS (CPS), BLENDING THEORY WITH PRACTICAL
APPLICATIONS. |T COVERS FOUNDATIONAL PRINCIPLES, SYSTEM MODELING, AND DESIGN METHODOLOGIES, MAKING IT IDEAL FOR
BOTH STUDENTS AND PROFESSIONALS. THE TEXT ALSO EXPLORES REAL-WORLD CPS APPLICATIONS SUCH AS SMART GRIDS,
AUTONOMOUS VEHICLES, AND HEALTHCARE SYSTEMS.

2. MopeLing AND ConTrOL OF CYBER-PHYSICAL SYSTEMS

FOCUSED ON ADVANCED MODELING AND CONTROL TECHNIQUES, THIS BOOK DELVES INTO THE INTEGRATION OF COMPUTATIONAL
ALGORITHMS AND PHYSICAL PROCESSES. |T PRESENTS TOOLS AND FRAMEW ORKS FOR DESIGNING ROBUST CPS AND INCLUDES
CASE STUDIES TO DEMONSTRATE CONTROL STRATEGIES IN DOMAINS LIKE ROBOTICS AND MANUFACTURING. READERS WILL GAIN
INSIGHTS INTO ENSURING SYSTEM STABILITY AND PERFORMANCE.

3. CYBER-PHYSICAL SYSTEMS: FROM THEORY TO PRACTICE

THIS PRACTICAL GUIDE BRIDGES THE GAP BETWEEN CPS THEORY AND REAL-WORLD IMPLEMENTATION. |T EMPHASIZES DESIGN
CHALLENGES, CYBERSECURITY CONSIDERATIONS, AND SYSTEM VERIFICATION METHODS. W/ ITH NUMEROUS EXAMPLES AND HANDS-
ON PROJECTS, THE BOOK IS SUITABLE FOR ENGINEERS AND RESEARCHERS AIMING TO DEVELOP RELIABLE CPS SOLUTIONS.

4. ReaL-TiMe SysTemMS AND CYBER-PHYSICAL SYSTEMS ENGINEERING

ADDRESSING THE TIME-CRITICAL NATURE OF CPS, THIS BOOK EXPLORES REAL-TIME SYSTEM DESIGN AND SCHEDULING
APPROACHES. |T DISCUSSES THE INTERPLAY BETWEEN HARDWARE AND SOFTWARE COMPONENTS TO MEET STRINGENT TIMING
REQUIREMENTS. THE TEXT ALSO INCLUDES CHAPTERS ON EMBEDDED SYSTEMS AND RESOURCE MANAGEMENT WITHIN CPS.

5. SEcURITY AND PrIVACY IN CYBER-PHYSICAL SYSTEMS

THIS VOLUME HIGHLIGHTS THE UNIQUE SECURITY CHALLENGES FACED BY CPS DUE TO THEIR INTEGRATION OF PHYSICAL AND
DIGITAL COMPONENTS. |T COVERS THREAT MODELING, RISK ASSESSMENT, AND DEFENSE MECHANISMS TAILORED TO CPS
ENVIRONMENTS. THE BOOK IS ESSENTIAL FOR PROFESSIONALS FOCUSED ON SAFEGUARDING CRITICAL INFRASTRUCTURE AND
INDUSTRIAL CONTROL SYSTEMS.

6. EmeepDED SYSTEMS FOR CYBER-PHYSICAL SYSTEMS

CONCENTRATING ON EMBEDDED COMPUTING PLATFORMS, THIS BOOK DETAILS THE HARDW ARE AND SOFTWARE ASPECTS CRUCIAL
FOR CPS DEVELOPMENT. IT EXAMINES SENSOR INTEGRATION, COMMUNICATION PROTOCOLS, AND REAL-TIME OPERATING
SYSTEMS. READERS WILL ALSO FIND PRACTICAL GUIDANCE FOR OPTIMIZING EMBEDDED SYSTEMS FOR PERFORMANCE AND ENERGY
EFFICIENCY.

7. DEsiGn AND ANALYSIS of CYBER-PHYSICAL SYSTEMS

THIS TEXT PROVIDES A SYSTEMATIC APPROACH TO THE DESIGN, VERIFICATION, AND VALIDATION OF CPS. |T INTRODUCES
FORMAL METHODS, SIMULATION TECHNIQUES, AND PERFORMANCE EVALUATION METRICS. THE BOOK IS PARTICULARLY USEFUL
FOR ENGINEERS SEEKING TO ENSURE CORRECTNESS AND RELIABILITY IN COMPLEX CPS ARCHITECTURES.

8. INTERNET OF THINGS AND CYBER-PHYSICAL SYSTEMS: ARCHITECTURES AND APPLICATIONS

EXPLORING THE INTERSECTION OF I0T AND CPS, THIS BOOK DISCUSSES ARCHITECTURAL FRAMEWORKS AND INTEGRATION
STRATEGIES. |T HIGHLIGHTS APPLICATIONS ACROSS SMART CITIES, HEALTHCARE, AND INDUSTRIAL AUTOMATION. THE CONTENT
ALSO ADDRESSES SCALABILITY, INTEROPERABILITY, AND DATA MANAGEMENT CHALLENGES.



9. ConTroL AND OPTIMIZATION OF CYBER-PHYSICAL SYSTEMS

FOCUSING ON CONTROL THEORY AND OPTIMIZATION TECHNIQUES, THIS BOOK PRESENTS METHODOLOGIES TO ENHANCE CPS
EFFICIENCY AND RESPONSIVENESS. |T COVERS ADAPTIVE CONTROL, PREDICTIVE ALGORITHMS, AND DISTRIBUTED OPTIMIZATION IN
NET\WORKED SYSTEMS. THE BOOK IS IDEAL FOR RESEARCHERS AND PRACTITIONERS AIMING TO IMPROVE SYSTEM PERFORMANCE
UNDER DYNAMIC CONDITIONS.
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cyber physical systems engineering: Safety and Security of Cyber-Physical Systems Frank ]J.
Furrer, 2022-07-20 Cyber-physical systems (CPSs) consist of software-controlled computing devices

communicating with each other and interacting with the physical world through sensors and
actuators. Because most of the functionality of a CPS is implemented in software, the software is of
crucial importance for the safety and security of the CPS. This book presents principle-based
engineering for the development and operation of dependable software. The knowledge in this book
addresses organizations that want to strengthen their methodologies to build safe and secure
software for mission-critical cyber-physical systems. The book: ¢ Presents a successful strategy for
the management of vulnerabilities, threats, and failures in mission-critical cyber-physical systems; ¢
Offers deep practical insight into principle-based software development (62 principles are
introduced and cataloged into five categories: Business & organization, general principles, safety,
security, and risk management principles); ¢ Provides direct guidance on architecting and operating
dependable cyber-physical systems for software managers and architects.

cyber physical systems engineering: Complexity Challenges in Cyber Physical Systems
Saurabh Mittal, Andreas Tolk, 2019-11-28 Offers a one-stop reference on the application of advanced
modeling and simulation (M&S) in cyber physical systems (CPS) engineering This book provides the
state-of-the-art in methods and technologies that aim to elaborate on the modeling and simulation
support to cyber physical systems (CPS) engineering across many sectors such as healthcare, smart
grid, or smart home. It presents a compilation of simulation-based methods, technologies, and
approaches that encourage the reader to incorporate simulation technologies in their CPS
engineering endeavors, supporting management of complexity challenges in such endeavors.
Complexity Challenges in Cyber Physical Systems: Using Modeling and Simulation (M&S) to Support
Intelligence, Adaptation and Autonomy is laid out in four sections. The first section provides an
overview of complexities associated with the application of M&S to CPS Engineering. It discusses
M&S in the context of autonomous systems involvement within the North Atlantic Treaty
Organization (NATO). The second section provides a more detailed description of the challenges in
applying modeling to the operation, risk and design of holistic CPS. The third section delves in
details of simulation support to CPS engineering followed by the engineering practices to
incorporate the cyber element to build resilient CPS sociotechnical systems. Finally, the fourth
section presents a research agenda for handling complexity in application of M&S for CPS
engineering. In addition, this text: Introduces a unifying framework for hierarchical co-simulations of
cyber physical systems (CPS) Provides understanding of the cycle of macro-level behavior
dynamically arising from spaciotemporal interactions between parts at the micro-level Describes a
simulation platform for characterizing resilience of CPS Complexity Challenges in Cyber Physical
Systems has been written for researchers, practitioners, lecturers, and graduate students in
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computer engineering who want to learn all about M&S support to addressing complexity in CPS
and its applications in today’s and tomorrow’s world.

cyber physical systems engineering: Trustworthy Cyber-Physical Systems Engineering
Alexander Romanovsky, Fuyuki Ishikawa, 2016-10-03 From the Foreword Getting CPS dependability
right is essential to forming a solid foundation for a world that increasingly depends on such
systems. This book represents the cutting edge of what we know about rigorous ways to ensure that
our CPS designs are trustworthy. I recommend it to anyone who wants to get a deep look at these
concepts that will form a cornerstone for future CPS designs. --Phil Koopman, Carnegie Mellon
University, Pittsburgh, Pennsylvania, USA Trustworthy Cyber-Physical Systems Engineering
provides practitioners and researchers with a comprehensive introduction to the area of trustworthy
Cyber Physical Systems (CPS) engineering. Topics in this book cover questions such as What does
having a trustworthy CPS actually mean for something as pervasive as a global-scale CPS? How does
CPS trustworthiness map onto existing knowledge, and where do we need to know more? How can
we mathematically prove timeliness, correctness, and other essential properties for systems that
may be adaptive and even self-healing? How can we better represent the physical reality underlying
real-world numeric quantities in the computing system? How can we establish, reason about, and
ensure trust between CPS components that are designed, installed, maintained, and operated by
different organizations, and which may never have really been intended to work together? Featuring
contributions from leading international experts, the book contains sixteen self-contained chapters
that analyze the challenges in developing trustworthy CPS, and identify important issues in
developing engineering methods for CPS. The book addresses various issues contributing to
trustworthiness complemented by contributions on TCSP roadmapping, taxonomy, and
standardization, as well as experience in deploying advanced system engineering methods in
industry. Specific approaches to ensuring trustworthiness, namely, proof and refinement, are
covered, as well as engineering methods for dealing with hybrid aspects.

cyber physical systems engineering: Security and Quality in Cyber-Physical Systems
Engineering Stefan Biffl, Matthias Eckhart, Arndt Luder, Edgar Weippl, 2019-11-09 This book
examines the requirements, risks, and solutions to improve the security and quality of complex
cyber-physical systems (C-CPS), such as production systems, power plants, and airplanes, in order to
ascertain whether it is possible to protect engineering organizations against cyber threats and to
ensure engineering project quality. The book consists of three parts that logically build upon each
other. Part I Product Engineering of Complex Cyber-Physical Systems discusses the structure and
behavior of engineering organizations producing complex cyber-physical systems, providing insights
into processes and engineering activities, and highlighting the requirements and border conditions
for secure and high-quality engineering. Part II Engineering Quality Improvement addresses quality
improvements with a focus on engineering data generation, exchange, aggregation, and use within
an engineering organization, and the need for proper data modeling and engineering-result
validation. Lastly, Part III Engineering Security Improvement considers security aspects concerning
C-CPS engineering, including engineering organizations’ security assessments and engineering data
management, security concepts and technologies that may be leveraged to mitigate the
manipulation of engineering data, as well as design and run-time aspects of secure complex
cyber-physical systems. The book is intended for several target groups: it enables computer
scientists to identify research issues related to the development of new methods, architectures, and
technologies for improving quality and security in multi-disciplinary engineering, pushing forward
the current state of the art. It also allows researchers involved in the engineering of C-CPS to gain a
better understanding of the challenges and requirements of multi-disciplinary engineering that will
guide them in their future research and development activities. Lastly, it offers practicing engineers
and managers with engineering backgrounds insights into the benefits and limitations of applicable
methods, architectures, and technologies for selected use cases.

cyber physical systems engineering: Simulation for Cyber-Physical Systems Engineering José
L. Risco Martin, Saurabh Mittal, Tuncer Oren, 2020-11-07 This comprehensive book examines a



range of examples, prepared by a diverse group of academic and industry practitioners, which
demonstrate how cloud-based simulation is being extensively used across many disciplines,
including cyber-physical systems engineering. This book is a compendium of the state of the art in
cloud-based simulation that instructors can use to inform the next generation. It highlights the
underlying infrastructure, modeling paradigms, and simulation methodologies that can be brought to
bear to develop the next generation of systems for a highly connected society. Such systems, aptly
termed cyber-physical systems (CPS), are now widely used in e.g. transportation systems, smart
grids, connected vehicles, industrial production systems, healthcare, education, and defense.
Modeling and simulation (M&S), along with big data technologies, are at the forefront of complex
systems engineering research. The disciplines of cloud-based simulation and CPS engineering are
evolving at a rapid pace, but are not optimally supporting each other’s advancement. This book
brings together these two communities, which already serve multi-disciplinary applications. It
provides an overview of the simulation technologies landscape, and of infrastructure pertaining to
the use of cloud-based environments for CPS engineering. It covers the engineering, design, and
application of cloud simulation technologies and infrastructures applicable for CPS engineering. The
contributions share valuable lessons learned from developing real-time embedded and robotic
systems deployed through cloud-based infrastructures for application in CPS engineering and
IoT-enabled society. The coverage incorporates cloud-based M&S as a medium for facilitating CPS
engineering and governance, and elaborates on available cloud-based M&S technologies and their
impacts on specific aspects of CPS engineering.

cyber physical systems engineering: A 21st Century Cyber-Physical Systems Education
National Academies of Sciences, Engineering, and Medicine, Division on Engineering and Physical
Sciences, Computer Science and Telecommunications Board, Committee on 21st Century
Cyber-Physical Systems Education, 2016-12-27 Cyber-physical systems (CPS) are engineered
systems that are built from, and depend upon, the seamless integration of computational algorithms
and physical components. CPS can be small and closed, such as an artificial pancreas, or very large,
complex, and interconnected, such as a regional energy grid. CPS engineering focuses on managing
inter- dependencies and impact of physical aspects on cyber aspects, and vice versa. With the
development of low-cost sensing, powerful embedded system hardware, and widely deployed
communication networks, the reliance on CPS for system functionality has dramatically increased.
These technical developments in combination with the creation of a workforce skilled in engineering
CPS will allow the deployment of increasingly capable, adaptable, and trustworthy systems.
Engineers responsible for developing CPS but lacking the appropriate education or training may not
fully understand at an appropriate depth, on the one hand, the technical issues associated with the
CPS software and hardware or, on the other hand, techniques for physical system modeling, energy
and power, actuation, signal processing, and control. In addition, these engineers may be designing
and implementing life-critical systems without appropriate formal training in CPS methods needed
for verification and to assure safety, reliability, and security. A workforce with the appropriate
education, training, and skills will be better positioned to create and manage the next generation of
CPS solutions. A 21st Century Cyber-Physical Systems Education examines the intellectual content
of the emerging field of CPS and its implications for engineering and computer science education.
This report is intended to inform those who might support efforts to develop curricula and materials;
faculty and university administrators; industries with needs for CPS workers; and current and
potential students about intellectual foundations, workforce requirements, employment
opportunities, and curricular needs.

cyber physical systems engineering: Cyber-Physical Systems Raj Rajkumar, Dionisio de
Niz, Mark Klein, 2016-12-23 Learn the State of the Art in Embedded Systems and Embrace the
Internet of Things The next generation of mission-critical and embedded systems will be “cyber
physical”: They will demand the precisely synchronized and seamless integration of complex sets of
computational algorithms and physical components. Cyber-Physical Systems is the definitive guide
to building cyber-physical systems (CPS) for a wide spectrum of engineering and computing



applications. Three pioneering experts have brought together the field’s most significant work in one
volume that will be indispensable for all practitioners, researchers, and advanced students. This
guide addresses CPS from multiple perspectives, drawing on extensive contributions from leading
researchers. The authors and contributors review key CPS challenges and innovations in multiple
application domains. Next, they describe the technical foundations underlying modern CPS
solutions—both what we know and what we still need to learn. Throughout, the authors offer guiding
principles for every facet of CPS development, from design and analysis to planning future
innovations. Comprehensive coverage includes Understanding CPS drivers, challenges, foundations,
and emerging directions Building life-critical, context-aware, networked systems of medical devices
Creating energy grid systems that reduce costs and fully integrate renewable energy sources
Modeling complex interactions across cyber and physical domains Synthesizing algorithms to
enforce CPS control Addressing space, time, energy, and reliability issues in CPS sensor networks
Applying advanced approaches to real-time scheduling Securing CPS: preventing
“man-in-the-middle” and other attacks Ensuring logical correctness and simplifying verification
Enforcing synchronized communication between distributed agents Using model-integration
languages to define formal semantics for CPS models Register your product at informit.com/register
for convenient access to downloads, updates, and corrections as they become available.

cyber physical systems engineering: Trustworthy Cyber-Physical Systems Engineering
Alexander Romanovsky, Fuyuki Ishikawa, 2016-10-03 From the Foreword Getting CPS dependability
right is essential to forming a solid foundation for a world that increasingly depends on such
systems. This book represents the cutting edge of what we know about rigorous ways to ensure that
our CPS designs are trustworthy. I recommend it to anyone who wants to get a deep look at these
concepts that will form a cornerstone for future CPS designs. --Phil Koopman, Carnegie Mellon
University, Pittsburgh, Pennsylvania, USA Trustworthy Cyber-Physical Systems Engineering
provides practitioners and researchers with a comprehensive introduction to the area of trustworthy
Cyber Physical Systems (CPS) engineering. Topics in this book cover questions such as What does
having a trustworthy CPS actually mean for something as pervasive as a global-scale CPS? How does
CPS trustworthiness map onto existing knowledge, and where do we need to know more? How can
we mathematically prove timeliness, correctness, and other essential properties for systems that
may be adaptive and even self-healing? How can we better represent the physical reality underlying
real-world numeric quantities in the computing system? How can we establish, reason about, and
ensure trust between CPS components that are designed, installed, maintained, and operated by
different organizations, and which may never have really been intended to work together? Featuring
contributions from leading international experts, the book contains sixteen self-contained chapters
that analyze the challenges in developing trustworthy CPS, and identify important issues in
developing engineering methods for CPS. The book addresses various issues contributing to
trustworthiness complemented by contributions on TCSP roadmapping, taxonomy, and
standardization, as well as experience in deploying advanced system engineering methods in
industry. Specific approaches to ensuring trustworthiness, namely, proof and refinement, are
covered, as well as engineering methods for dealing with hybrid aspects.

cyber physical systems engineering: Cyber-Physical Systems Security Engineering Plan
(CPSSEP) G-32 Cyber Physical Systems Security Committee, 2022 This SAE Standard establishes
practices to: aManage risk and ensure security of a cyber-physical system (CPS) throughout its life
cycle by utilizing systems engineering principles; bAssess the impact of cyber-physical systems
security (CPSS) objectives and requirements; cAssess the security risks to CPS technical
effectiveness and functions, and address weaknesses and vulnerabilities; dAddress various domains
of consideration (see 3.1) that take into account operating conditions of the system, command and
control, configuration management (refer to SAE EIA649), etc., that could negatively impact CPSS
or CPS-designed purpose; ePerform design validation and verification to assess security and risk of
the CPS. The cyber-physical systems security engineering plan (CPSSEP) is a framework standard
that integrates cybersecurity into a cyber-physical system (CPS) throughout the entire system's




engineering life cycle. The CPSSEP assists with preserving and protecting cyber-physical systems
against exploits of weaknesses and vulnerabilities that, if compromised, jeopardize the business or
mission objectives of the CPS. This standard leverages and builds upon applicable existing
standards, accepted practices, and bodies of knowledge across industry and government sectors.

cyber physical systems engineering: Cyber-Physical Systems Danda B. Rawat, Joel ]J.P.C.
Rodrigues, Ivan Stojmenovic, 2015-10-28 Although comprehensive knowledge of cyber-physical
systems (CPS) is becoming a must for researchers, practitioners, system designers, policy makers,
system managers, and administrators, there has been a need for a comprehensive and up-to-date
source of research and information on cyber-physical systems. This book fills that
need.Cyber-Physical Syst

cyber physical systems engineering: Multi-Paradigm Modelling Approaches for
Cyber-Physical Systems Bedir Tekinerdogan, Dominique Blouin, Hans Vangheluwe, Miguel
Goulao, Paulo Carreira, Vasco Amaral, 2020-11-20 Multi-Paradigm Modelling for Cyber-Physical
Systems explores modeling and analysis as crucial activities in the development of Cyber-Physical
Systems, which are inherently cross-disciplinary in nature and require distinct modeling techniques
related to different disciplines, as well as a common background knowledge. This book will serve as
a reference for anyone starting in the field of CPS who needs a solid foundation of modeling,
including a comprehensive introduction to existing techniques and a clear explanation of their
advantages and limitations. This book is aimed at both researchers and practitioners who are
interested in various modeling paradigms across computer science and engineering. - Identifies key
problems and offers solution approaches as well as tools which have been developed or are
necessary for modeling paradigms across cyber physical systems - Explores basic theory and current
research topics, related challenges, and research directions for multi-paradigm modeling - Provides
a complete, conceptual overview and framework of the research done by the MPM4CPS working
groups and the different types of modeling paradigms developed

cyber physical systems engineering: Engineering Safe and Secure Cyber-Physical Systems
Roman Gumzej, 2016-01-22 This book introduces the concept of holistic design and development of
cyber physical systems to achieve their safe and secure operation. It shows that by following the
standards for embedded system’s safety and using appropriate hardware and software components
inherently safe system’s architectures can be devised and certified. While the standards already
enable testing and certification of inherently safe and sound hardware, this is still not the case with
software. The book demonstrates that Specification PEARL(SPEARL) addresses this issue and
proposes appropriate solutions from the viewpoints of software engineering as well as concrete
program components. By doing so it reduces the complexity of cyber physical systems design in an
innovative way. Three ultimate goals are being followed in the course of defining this new PEARL
standard, namely: 1. simplicity over complexity, 2. inherent real-time ability, and 3. conformity to
safety integrity and security capability levels.

cyber physical systems engineering: CyberPhysical Systems Kostas Siozios, Dimitrios
Soudris, Elias Kosmatopoulos, 2022-09-01 As systems continue to evolve they rely less on human
decision-making and more on computational intelligence. This trend in conjunction to the available
technologies for providing advanced sensing, measurement, process control, and communication
lead towards the new field of Cyber-Physical System (CPS). Cyber-physical systems are expected to
play a major role in the design and development of future engineering platforms with new
capabilities that far exceed today’s levels of autonomy, functionality and usability. Although these
systems exhibit remarkable characteristics, their design and implementation is a challenging issue,
as numerous (heterogeneous) components and services have to be appropriately modeled and
simulated together. The problem of designing efficient CPS becomes far more challenging in case
the target system has to meet also real-time constraints.CyberPhysical Systems: Decision Making
Mechanisms and Applications describes essential theory, recent research and large-scale usecases
that addresses urgent challenges in CPS architectures. In particular, it includes chapters on:*
Decision making for large scale CPSe Modeling of CPS with emphasis at the control mechanismse



Hardware/software implementation of the control mechanismse® Fault-tolerant and reliability issues
for the control mechanismse Cyberphysical user-cases that incorporate challenging decision making

cyber physical systems engineering: Complexity Challenges in Cyber Physical Systems
Saurabh Mittal, Andreas Tolk, 2020-01-09 Offers a one-stop reference on the application of advanced
modeling and simulation (M&S) in cyber physical systems (CPS) engineering This book provides the
state-of-the-art in methods and technologies that aim to elaborate on the modeling and simulation
support to cyber physical systems (CPS) engineering across many sectors such as healthcare, smart
grid, or smart home. It presents a compilation of simulation-based methods, technologies, and
approaches that encourage the reader to incorporate simulation technologies in their CPS
engineering endeavors, supporting management of complexity challenges in such endeavors.
Complexity Challenges in Cyber Physical Systems: Using Modeling and Simulation (M&S) to Support
Intelligence, Adaptation and Autonomy is laid out in four sections. The first section provides an
overview of complexities associated with the application of M&S to CPS Engineering. It discusses
M&S in the context of autonomous systems involvement within the North Atlantic Treaty
Organization (NATO). The second section provides a more detailed description of the challenges in
applying modeling to the operation, risk and design of holistic CPS. The third section delves in
details of simulation support to CPS engineering followed by the engineering practices to
incorporate the cyber element to build resilient CPS sociotechnical systems. Finally, the fourth
section presents a research agenda for handling complexity in application of M&S for CPS
engineering. In addition, this text: Introduces a unifying framework for hierarchical co-simulations of
cyber physical systems (CPS) Provides understanding of the cycle of macro-level behavior
dynamically arising from spaciotemporal interactions between parts at the micro-level Describes a
simulation platform for characterizing resilience of CPS Complexity Challenges in Cyber Physical
Systems has been written for researchers, practitioners, lecturers, and graduate students in
computer engineering who want to learn all about M&S support to addressing complexity in CPS
and its applications in today’s and tomorrow’s world.

cyber physical systems engineering: Cyber-Physical Systems Houbing Herbert Song,
Danda B. Rawat, Sabina Jeschke, Christian Brecher, 2016-08-27 Cyber-Physical Systems:
Foundations, Principles and Applications explores the core system science perspective needed to
design and build complex cyber-physical systems. Using Systems Science's underlying theories, such
as probability theory, decision theory, game theory, organizational sociology, behavioral economics,
and cognitive psychology, the book addresses foundational issues central across CPS applications,
including System Design -- How to design CPS to be safe, secure, and resilient in rapidly evolving
environments, System Verification -- How to develop effective metrics and methods to verify and
certify large and complex CPS, Real-time Control and Adaptation -- How to achieve real-time
dynamic control and behavior adaptation in a diverse environments, such as clouds and in
network-challenged spaces, Manufacturing -- How to harness communication, computation, and
control for developing new products, reducing product concepts to realizable designs, and producing
integrated software-hardware systems at a pace far exceeding today's timeline. The book is part of
the Intelligent Data-Centric Systems: Sensor-Collected Intelligence series edited by Fatos Xhafa,
Technical University of Catalonia. Indexing: The books of this series are submitted to EI-Compendex
and SCOPUS - Includes in-depth coverage of the latest models and theories that unify perspectives,
expressing the interacting dynamics of the computational and physical components of a system in a
dynamic environment - Focuses on new design, analysis, and verification tools that embody the
scientific principles of CPS and incorporate measurement, dynamics, and control - Covers
applications in numerous sectors, including agriculture, energy, transportation, building design and
automation, healthcare, and manufacturing

cyber physical systems engineering: Cyber-Physical Systems Engineering and Control Alla G.
Kravets, Alexander A. Bolshakov, Maxim V. Shcherbakov, 2023-07-31 This book is devoted to the
study of engineering and control technologies for the cyber-physical systems development. This book
defines the approaches in the engineering leverage the exploitation of artificial intelligence and



most urgent computing methods. The authors study the activities allows for the developing new and
perspective concepts of robotics systems combining various machine learning methods, uncertainty
explanation approaches, computer vision and unmanned aerial systems control technologies
including artificial neural networks and simulation modeling by addressing a large scale of
applications. The book also describes new materials engineering as well as implementation of these
technologies in the different domains such as polymeric film production, polymer composition, and
roller squeezing of leather, in order to realize the novel cyber-physical systems, their functionalities,
and features. The authors describe the development of method for increasing the software
efficiency, considering the increasing complexity of the computing systems and the importance of
ensuring accuracy and velocity of modelling. The book also analyses algorithms for fuzzy models and
systems, including the cyber-physical real-time systems, and non-stationary object with discrete
time. The authors highlight the problem of ensuring the quality on engineering technologies for
cyber-physical systems as the most important and consider different approaches to its solution.

cyber physical systems engineering: Systems Engineering for the Digital Age Dinesh Verma,
2023-09-26 Systems Engineering for the Digital Age Comprehensive resource presenting methods,
processes, and tools relating to the digital and model-based transformation from both technical and
management views Systems Engineering for the Digital Age: Practitioner Perspectives covers
methods and tools that are made possible by the latest developments in computational modeling,
descriptive modeling languages, semantic web technologies, and describes how they can be
integrated into existing systems engineering practice, how best to manage their use, and how to
help train and educate systems engineers of today and the future. This book explains how digital
models can be leveraged for enhancing engineering trades, systems risk and maturity, and the
design of safe, secure, and resilient systems, providing an update on the methods, processes, and
tools to synthesize, analyze, and make decisions in management, mission engineering, and system of
systems. Composed of nine chapters, the book covers digital and model-based methods, digital
engineering, agile systems engineering, improving system risk, and more, representing the latest
insights from research in topics related to systems engineering for complicated and complex systems
and system-of-systems. Based on validated research conducted via the Systems Engineering
Research Center (SERC), this book provides the reader a set of pragmatic concepts, methods,
models, methodologies, and tools to aid the development of digital engineering capability within
their organization. Systems Engineering for the Digital Age: Practitioner Perspectives includes
information on: Fundamentals of digital engineering, graphical concept of operations, and mission
and systems engineering methods Transforming systems engineering through integrating M&S and
digital thread, and interactive model centric systems engineering The OODA loop of value creation,
digital engineering measures, and model and data verification and validation Digital engineering
testbed, transformation, and implications on decision making processes, and architecting tradespace
analysis in a digital engineering environment Expedited systems engineering for rapid capability and
learning, and agile systems engineering framework Based on results and insights from a research
center and providing highly comprehensive coverage of the subject, Systems Engineering for the
Digital Age: Practitioner Perspectives is written specifically for practicing engineers, program
managers, and enterprise leadership, along with graduate students in related programs of study.

cyber physical systems engineering: Cyber-Physical Systems Danda B. Rawat, Joel ]J.P.C.
Rodrigues, Ivan Stojmenovic, 2015-10-28 Although comprehensive knowledge of cyber-physical
systems (CPS) is becoming a must for researchers, practitioners, system designers, policy makers,
system managers, and administrators, there has been a need for a comprehensive and up-to-date
source of research and information on cyber-physical systems. This book fills that
need.Cyber-Physical Syst

cyber physical systems engineering: A Roadmap for the Uptake of Cyber-Physical Systems
for Facilities Management Matthew Ikuabe, Clinton Aighavboa, Chimay ] Anumba, Ayodeji Oke,
2023-06-22 This is the first book to conceptualise and develop a roadmap for the adoption of
cyber-physical systems (CPS) for facilities management (FM) in developing countries. It is argued



that effective use of CPS can help to significantly improve issues such as extended processing time,
poor data acquisition, ineffective coverage of facility maintenance history, and poor-quality control
within the facilities management sector. Through a theoretical review of relevant technology
adoption models and frameworks, A Roadmap for the Uptake of Cyber-Physical Systems for Facilities
Management provides a clear insight into the required parameters for integrating CPS into facilities
management. The book will be beneficial to relevant stakeholders who face the responsibility of
facilities and construction management as it contributes to the growing demand for the adoption of
digital technologies in the delivery and management of built infrastructure. Furthermore, it serves
as a solid theoretical base for researchers and academics in the quest to expand the existing
borderline on construction digitalisation, especially in the post-occupancy stage.

cyber physical systems engineering: Industrial Cyber-Physical Systems Sascha Julian Oks,
2024-03-14 Cyber-physical systems (CPS) are one of the key concepts of Industry 4.0. Despite their
great potentials for industrial value creation, there are challenges, such as a significant increase in
complexity, as a result of which the development status of Industry 4.0 is behind expectations. This
book addresses this issue with the following research design: In addition to providing a
comprehensive foundation of industrial CPS and Industry 4.0, four studies are conducted, each
consisting of an exploratory research part and a design science research (DSR) part. In doing so,
four perspectives are directed at the topic of industrial CPS: A systemic, a stakeholder-centered, an
organizational and a holistic. In conclusion, the contributions are integrated in a summary and the
artifacts are incorporated into an overarching methodological framework. Thus, theoretical
contributions are derived and concrete practical recommendations for the main target groups of
organizations, educational institutions and international delegations provided.
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