
Wireless Networking Principles: From Terrestrial
to Underwater Acoustic



Shengming Jiang

Wireless Networking
Principles: From Terrestrial
to Underwater Acoustic

123



Shengming Jiang
Marine Internet Laboratory (MILAB),
College of Information Engineering

Shanghai Maritime University
Shanghai
China

ISBN 978-981-10-7774-6 ISBN 978-981-10-7775-3 (eBook)
https://doi.org/10.1007/978-981-10-7775-3

Library of Congress Control Number: 2018934909

© Springer Nature Singapore Pte Ltd. 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made. The publisher remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
part of Springer Nature
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore



To my wife, my son and my daughter



Preface

Today, wireless networking technologies deeply affect many social sectors and
people’s daily life. For example, mobile personal communication networks such as
4G and beyond as well as WiFi networks are the enabling technologies for mobile
Internet used by almost everyone at anytime in terrestrial environments. These
wireless networks provide the users with a great convenience for personal com-
munication, social activities, shopping, and traveling as well as education, since
many traditional activities and organizations now can be carried out simply through
mobile smart terminals. The wireless networking technology as a whole is still
developing. For example, mobile personal communication is under development
toward 5G, aiming at providing much faster and reliable communications than the
currently available one to eliminate the gap in service quality between wireless and
wired networks. On the other hand, some wireless networks are still in early
development stages. For example, a huge number of sensors and actuators as well
as various types of vehicles have been deployed underwater, and this number is still
growing. These underwater things usually equipped with communication facilities
are able to construct an Internet of Underwater Thing (IoUT) [1]. How to link these
nodes to cover large underwater areas and transfer the collected data to the surface
processing center faces many challenges. Many issues are necessarily addressed for
underwater wireless networks, which are still in enfant ages.

Since the radio wave cannot propagate long enough but only acoustic signal can
in underwater environments to satisfy application requirements, currently most
underwater wireless networks are based on acoustic waves. Therefore, in this book
we call this kind of network underwater acoustic networks (UWANs), which
include underwater acoustic sensor networks. UWANs have some special features
not present in most terrestrial radio wireless networks (RWNs), such as much long
propagation delays, very limited channel capacities, low channel reliability, and
high dynamics of communication environments. These features greatly affect the
design of underwater networking protocols and schemes, preventing those
well-developed for RWNs from being used directly in UWANs.
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Despite many differences in networking environments between RWNs and
UWANs, they still have many similar issues to be addressed by both, and many
approaches and design strategies developed for RWNs can be used as references in
designing UWAN protocols, and some of them can be used in UWANs after proper
modifications. Therefore, a good understanding of the well-developed RWN
technologies can be helpful to understand network protocols and algorithms pro-
posed for UWANs. There are several books systematically describing RWN
technologies in the literature such as [2, 3, 4], while a couple of UWANs are also
available such as [5, 6]. This book is unique in terms of discussing networking
technologies for both RWNs and UWANs in one.

This book aims to highlight the key networking issues and explain the basic ideas
of typical networking technologies, in which the principal challenging issues and
research topics are addressed and discussed in detail. The book consists of thirteen
chapters. The first chapter (Chap. 1) introduces the typical wireless networks and
fundamental networking issues. The remaining chapters are divided into two parts.
The first part will systematically describe the well-established RWN technologies
that have been standardized or applied in practice, covering the following topics:
error control (Chap. 2), medium access control (MAC) protocols (Chaps. 3 and 4),
routing protocols (Chap. 5), end-to-end transmission control (Chap. 6), mobility
(Chap. 7), and network security (Chap. 8). The majority of this part except TCP and
vertical handoff in mobile networks are relatively mature and can provide a foun-
dation to understand the counterparts of UWANs. The second part discusses the
up-to-date networking technologies for UWANs, including underwater acoustic
channels (Chap. 9), UWAN MAC protocols (Chap. 10), UWAN routing protocols
(Chap. 11), UWAN transfer reliability control covering both error control and
end-to-end transmission control (Chap. 12), and UWAN security (Chap. 13). This
part is mainly based on the author’s surveys on the related topics [7, 8, 9, 10].

I hope that the book can become a useful resource for new learners, researchers,
and practitioners in RWNs and UWANs.

Shanghai, China Shengming Jiang
January 2018
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