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Preface

This book presents the Digital Twin from a control engineering point of view,
enabling Smart Control Engineering, a new control paradigm that introduces smart-
ness into classic control systems to produce smart feedback control systems for
Industry 4.0 applications. A novel systematic developing framework is introduced
for Digital Twin applications focused on control systems. It leverages the classic
control engineering steps of Modeling, Analysis, and Design (MAD) with break-
ing technologies like multiphysics simulation, machine and deep learning, or data
analytics to create Digital Twins that provide a realistic representation of the phys-
ical system to be controlled. Likewise, the concept of Smart Control Engineering
is presented, focused on its integration with Digital Twins to introduce smartness
into control systems. Besides, a set of enabling capabilities resulting from Digital
Twin integration are analyzed like fault detection, prognosis, life cycle analysis,
and control performance assessment. Two case study examples of Digital Twin for
process and motion controls are presented to demonstrate the applicability of the
systematic design framework. The book has a support website where the readers
can found the codes for the case study presented on the book which can be found
at https://www.theedgeai.com/dtandscebook. The book is designed from the
control engineering point of view but can be followed by the science and engineering
community. It is organized as follows:

Chapter 1 presents the what is and what is not a Digital Twin, its requirements,
structure, challenges, applications and state of the art regarding the current trends
of Digital Twin in different fields like bioengineering, smart cities, transportation,
logistics and controls.

Chapter 2 presents a systematic design framework for the Digital Twin for its
application in control systems design. Likewise, a case study for the Digital Twin
application for the design and control of a uniformity temperature control system is
presented.

Chapter 3 is dedicated to the Enabling capabilities resulting from Digital Twin
for control systems design like control performance assessment, fault detection,
prognosis and health management. Also, a case study for Digital Twin enabling
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capabilities is presented for the fault detection and Remaining Useful Life estimation
of the uniformity temperature control developed in chapter 2.

Chapter 4 introduces the concept of Smart Control Engineering as a new control
paradigm based on smart systems combined with control theory enabled by Digital
Twins and self optimizing control as well as a Digital Twin based simulation bench-
mark for smart controllers assessment. In addition, two case studies are developed to
analyze Smart Control Engineering: the uniformity temperature control developed
in chapters 2 and 3 and a smart mechatronic system.

Finally, Chapter 5 discusses future research directions of Digital Twin, Smart
Control Engineering, and the associated enabling capabilities like fault detection
and Self Optimizing Control.
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