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Preface


Industrial automation has changed dramatically over the last decade. PLCs are no longer isolated controllers responsible only for reading inputs, executing logic, and controlling outputs. Today, they are connected to industrial networks, edge devices, cloud platforms, analytics systems, Digital Twins, and enterprise applications. In many environments, the PLC has become one of the most important points of connection between the physical process and the digital infrastructure of the company.

This book was created from the same practical perspective that has guided my work in industrial automation for more than a decade. During this time, I have worked with machines, industrial networks, system integration, manufacturing processes, and large-scale intralogistics applications. I have experienced the transition from legacy serial communication and traditional PLC architectures to increasingly connected systems based on Industrial Ethernet, OPC UA, MQTT, edge computing, cloud platforms, and intelligent data processing.

One of the main motivations for writing this book was the realization that many of these technologies are often studied separately. PLC programming, industrial networks, cybersecurity, cloud computing, Artificial Intelligence (AI), Digital Twins, and sustainability are frequently presented as independent subjects. In real industrial environments, however, they increasingly coexist within the same architecture. Understanding how they interact is becoming just as important as understanding each technology individually.

This book, therefore, places Smart PLCs at the center of this transformation. The goal is not to suggest that traditional automation principles are becoming obsolete. Deterministic control, reliability, safety, structured programming, and robust industrial networks remain fundamental. What is changing is the environment around the controller. Smart PLCs must now coexist with IT systems, data platforms, cloud services, cybersecurity requirements, analytics, and increasingly intelligent decision-support tools.

The book is written for automation engineers, PLC programmers, technicians, students, system integrators, and professionals who want to understand where industrial automation is heading. My intention is to provide a practical and connected view of Industry 4.0 and Industry 5.0 technologies, helping readers understand not only what these technologies are, but where they belong within a real automation architecture.

By the end of this book, I hope you will have a broader understanding of how control, connectivity, data, intelligence, cybersecurity, simulation, sustainability, and human-centered design come together in modern industrial systems. More importantly, I hope the concepts presented here help you make better architectural decisions, and prepare for the next generation of automation projects.

Chapter-wise Summary:

Chapter 1 introduces the evolution from traditional PLCs to Smart PLCs. It examines the differences between conventional and modern controllers such as IT/OT convergence, IEC 61131-3, and programming environments such as TIA Portal, Studio 5000, and CodeSys, as well as the expanding role of PLCs in connected industrial architectures.

Chapter 2 establishes the foundations of Industry 4.0 and Industry 5.0. It explores IIoT, Cyber-Physical Systems, smart sensors, human-machine collaboration, sustainability, and the growing role of Smart PLCs in digital transformation.

Chapter 3 focuses on interoperability and industrial communication. It examines OPC UA, MQTT, Profinet, EtherNet/IP, Modbus TCP, deterministic communication, and the challenges involved in connecting legacy and modern systems.

Chapter 4 explores Edge and Cloud Computing in automation. It discusses latency, hybrid architectures, edge gateways, cloud platforms, and the importance of assigning each workload to the correct computational layer without compromising real-time control.

Chapter 5 examines industrial data, analytics, and Artificial Intelligence. It covers data acquisition, edge and cloud storage, descriptive, diagnostic, predictive, and prescriptive analytics, machine learning fundamentals, predictive maintenance, process optimization, and real-time visualization.

Chapter 6 introduces Digital Twins and simulation. It explains how virtual models can be connected to Smart PLCs and industrial data, and explores technologies such as Siemens NX, MATLAB/Simulink, and Unity3D for simulation, monitoring, and virtual commissioning.

Chapter 7 addresses cybersecurity and reliability. It examines OT cybersecurity challenges, IEC 62443, Defense-in-Depth, Zero Trust, redundancy, fault tolerance, and high-availability architectures for connected Smart PLC environments.

Chapter 8 focuses on sustainability and human-centric automation. It explores energy management, green manufacturing, human-machine collaboration, operator safety, and the ethical and social dimensions of increasingly intelligent automation systems.

Chapter 9 brings these concepts together through real-world applications in intralogistics, manufacturing, and energy systems. The case studies illustrate how Smart PLC architectures can be applied to solve practical operational challenges and highlight lessons learned from real engineering scenarios.

Chapter 10 looks toward the future of PLC technology. It explores cloud-native and virtualized control, AI embedded in PLC platforms, 5G and future communication technologies, distributed edge intelligence, cybersecurity by design, sustainability, Digital Twins, and the evolving skills required from automation professionals.

Thus, Industrial Automation will continue to evolve, but the fundamental responsibility of the automation engineer remains the same: to transform technology into reliable, understandable, safe, and useful solutions. My hope is that this book helps you understand the technologies behind this transformation and, more importantly, how to apply them with engineering discipline and practical judgment.
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