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Foreword

The Internet of Things (IoT) is a revolutionary development of the information
industry following computers, the Internet, and mobile communications. The long
and diverse IoT industrial chain reaches into almost all walks of life. In recent years,
huge market demand has driven rare development opportunities and created space
for broad applications of the IoT. Although some successful demonstration appli-
cations have emerged, many technical challenges still need to be solved. Before the
large-scale deployment of the IoT, the relevant theories and algorithms must be
evaluated and verified, requiring a professional the IoT simulation platform.

The authors have compiled many years of research into this book. As a reference
for OPNET IoT Simulation, this book is divided into 11 chapters covering basic
knowledge of the IoT and multiple OPNET simulation models. This book not only
introduces the classic algorithms, but also includes the authors’ latest research
work. The main topics are the basic network routing algorithms, green Internet of
Things, smart Internet of Things, broadband Internet of Things, semi-physical
simulations, narrowband Internet of Things, and wireless network caching. In
addition, the models introduced are accompanied by source code which can be
downloaded and freely used by IoT researchers. In summary, this book is inno-
vative and significant.
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Preface

The rapid development of wireless communications, embedded systems,
micro-electro-mechanical systems, and super-large-scale integration makes the
design, development, and realization of new “microminiaturized,” “intelligentized,”
and “networked” sensors possible. This lays the foundation for an Internet of
Things (IoT) era. In combination with the development of cloud computing, big
data, and new generation communication and network technologies, the continuous
evolution of the IoT will greatly influence every aspect of people’s lives in the near
future.

The IoT evolves on the basis of sensor networks, extending to core networks to
realize more intelligent applications. Thus, the sensor network is the foundation or
key element. In recent years, the IoT has developed rapidly and some exemplary
applications have been realized. Nevertheless, there are some technical problems
still to be solved by researchers. With increasing amounts of terminal equipment, it
is extremely difficult to deploy large-scale sensor networks for practical applications
over the long term. In many cases, researchers have the ability to deploy real sensor
node networks. However, the quantity of useable nodes is small and has a limited
battery life, which cannot be brought into full play in long-lived, large-scale sensor
networks. Therefore, it is difficult to check the required algorithms and protocols in
real environments. Before deploying IoT applications at the large scale, the relevant
theories and algorithms must be assessed and verified.

To address this problem, network simulation has become a vital component of
IoT development. It resolves many difficulties for researchers building large-scale
sensor networks with their associated high deployment requirements and costs. To
meet the challenges of mass deployment, a large-scale sensor network simulation
platform is urgently needed.

The IoT encompasses many complex network and communication systems.
Thus, the OPNET Modeler, a network simulation software, is an excellent choice.
Almost all of the latest network communication protocols can be realized in sim-
ulation models using OPNET. Beyond the standard protocols and algorithms, the
construction of the enormous simulation systems appropriate for large-scale sensor
networks is difficult. To aid researchers overcome this difficulty, the OPNET

vii



viii Preface

Modeler-based IoT simulation model source code, IOT_Simulation, developed by
the authors, is offered for researchers to download, study, and use.

This book covers various aspects of the IoT, including human-centric IoT, green
IoT, narrowband IoT, smart IoT, and semi-physical simulation. IoT simulations and
cloud computing are seamlessly connected with each other allowing “loT—cloud
integration” and various smart IoT applications to be realized. This book provides a
comprehensive tutorial for IT enterprise staff and informatics/communications
researchers to personalize their network applications, as well as being a valuable
textbook for undergraduate and postgraduate students.

This book contains eleven chapters. Chapter 1 describes the development, his-
tory, and evolution of the IoT and its integration with the new technologies of
mobile Internet, cloud computing, big data, software-defined networks, and 5G. In
addition, the necessity for IoT simulations is presented. Chapter 2 introduces basic
OPNET simulation knowledge, including common functions and a rudimentary
packet switch process. Chapter 3 introduces the basic IoT simulation model using
OPNET. The network, node, result collection, energy, and animation models are
built in this chapter. Chapter 3 is the core of this book, and the subsequent chapters
are mostly based on the models described in this chapter. Chapter 4 introduces
OPNET model debugging. Problems which may be encountered by readers and
their corresponding solutions are elucidated. Chapter 5 contains the implementation
and simulation of algorithms for geographical routing, mobile multimedia geo-
graphical routing, directed diffusion routing, and Zigbee network layer routing.
Chapter 6 introduces green IoT simulation and presents two cooperative commu-
nication models, REER, and KCN. Chapter 7 presents smart [oT simulation and
mobile agents. Chapter 8 introduces broadband IoT technology and describes
multi-path routing and the IoT backbone model. Chapter 9 contains wireless
semi-physical simulation. Chapter 10 covers the development, construction, and
examples of narrowband cellular network simulation. Chapter 11 introduces model
building, structure, and analysis for wireless network caching simulation.

The contents of the book are collated from the authors’ research over several
years. During its compilation, the work and publications of many experts and
scholars from the relevant technical literature have been used and referenced. Our
sincere and deepest thanks are extended to them.

Due to the limitations of our knowledge, there may be flaws and errors in the
book. Your suggestions and comments would be appreciated.

Wuhan, China Min Chen
Wuhan, China Yiming Miao
Ljubljana, Slovenia Iztok Humar
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