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Preface

Reliable unmanned autonomous flight control programs and unmanned aerial
vehicles (UAVs) equipped with radio communication devices have been actively
developed around the world. Given their low cost, flexible maneuvering, and
unmanned operation, UAVs have been widely used in both civilian operations and
military missions, including environmental monitoring, emergency communica-
tions, express distribution, and even military surveillance and attacks, for example.
Although UAV technologies have to some degree matured, given that a range of
standards and protocols used in terrestrial wireless networks are not applicable
to UAV networks, and that some practical constraints such as battery power and
no-fly zone hinder the maneuverability capability of a single UAV, we need to
explore advanced communication and networking theories and methods for the
sake of supporting future ultra-reliable and low-latency applications. Typically, the
full potential of UAV network’s functionalities can be tapped with the aid of the
cooperation of multiple drones relying on their ad hoc networking, in-network
communications, and coordinated control. Furthermore, some swarm intelligence
models and algorithms conceived for dynamic negotiation, path programming,
formation flight, and task assignment of multiple cooperative drones are also
beneficial in terms of extending UAV’s functionalities and coverage, as well as of
increasing their efficiency. Here, we call the networking and cooperation of multiple
drones as the terminology ‘flying ad hoc network (FANET)’, and there indeed
are numerous new challenges to be overcome before the widespread of so-called
heterogeneous FANETs.

In this book, we examine a range of technical issues about FANETs from
physical-layer channel modeling to MAC-layer resource allocation, and also intro-
ducing novel UAV aided mobile edge-computing techniques. With regard to
communication channels in FANET, we commence with an introduction about UAV
communication channel characteristics including its link budget, major channel
fading, and channel impulse response and metrics, followed by three typical kinds of
channel model. Moreover, with regard to multi-UAV-assisted seamless information
coverage, we present three dynamic seamless coverage strategies for dense urban
areas, quality of service (QoS)-guaranteed Internet of things (IoT) networks, as well
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as for minimum delay constraint. Next, we discuss cooperative resource allocation
in FANETs, where we provide two near-optimal joint UAV’s position/trajectory and
resource allocation algorithms, while also presenting a resource allocation scheme
for IoT nonorthogonal multiple access (NOMA) uplink transmission. Finally, we
address the mobile edge computing for FANETs, where load balance-oriented,
latency- and reliability-guaranteed, and energy-efficient secure UAV-assisted edge-
computing schemes are investigated.

The aim of this book is to educate information technology engineers, computer
and information scientists, applied mathematicians and statisticians, as well as
systems engineers to carve out the critical role that analytical and experimental engi-
neering play in the research and development of FANETs. This book emphasizes on
multi-UAV networking technologies and applications in next-generation wireless
networks.

To summarize, the key advantages of this book are listed as follows:

1. It provides an introduction to the FANET paradigm, from both physical-layer
and upper-layer perspectives, which currently has attracted substantial attention
from both academic and industrial areas.

2. It discusses the state of the art for the FANET and its characteristics against other
mobile ad hoc networks. It also surveys the basic UAV/FANET communication
channels.

3. It highlights three hot topics in FANET, i.e., seamless information coverage,
cooperative resource allocation, and mobile edge computing. A range of exam-
ples are illustrated in detail so as to provide a wide scope for general readers
relying on introducing their problem formulation, solution algorithms, and
simulation results in a comprehensive way. These successful cases can guide us
to efficiently construct a multi-UAV heterogenous network.

This book is organized as follows: Chap. 1 provides an overview of the FANET
concept and discusses it against traditional mobile ad hoc networks. In Chap. 2, we
introduce the UAV communication channels. In Chaps. 3–5, we provide study cases
to show how to solve the key challenges in multi-UAN-aided seamless information
coverage, cooperative resource allocation, and mobile edge computing in FANET,
respectively.
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