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Preface

In the past decades, we have witnessed the rapid development of marine programs in
many countries. Marine communication and networking, as an important corner-
stone of the delivery of maritime services, is deeply integrated into production and
life of people in coastal countries. The next generation Marine Wireless Communi-
cation Networks (MWCNs) are expected to incorporate advanced communication
and networking technologies to meet the ever-increasing demand of maritime
services, and to enable many new intelligent maritime applications such as environ-
ment-adaptive navigation, intelligent cargo storage management, underwater inspec-
tion and surveillance, telemedication, and maritime emergency rescue. However,
marine communications are faced with many fundamental challenges such as com-
plex marine environments, fast-changing maritime channels, and limited spectrum
resources. These challenging issues may greatly degrade the quality of service of
MWCN in terms of latency, reliability, and scalability.

This book aims to address these challenges in the design and development of next
generation MWCNSs. Specifically, we will explore the key technologies in the
following general categories to improve the network performance, including (1)
the network deployment, (2) the physical layer channel coding, (3) the link layer
resource management, and (4) the network layer routing design. The objective of the
book is to provide a comprehensive guide for the audience to understand the design
principle and development of MWCNs in support of numerous maritime services.

The book is organized as follows. An overview of MWCNs is first presented,
including maritime applications and a comprehensive survey of existing MWCNs,
followed by a detailed discussion of challenges of maritime communications and
networking in different layers. In order to address these challenges, e.g., high
deployment costs of marine sensors in a large-scale three-dimensional space, and
long propagation delay of underwater acoustic channel, we first study the network
deployment and management of next generation MWCNSs with a multi-tier hierar-
chical network architecture that includes three sub-networks, namely, the underwater
acoustic sub-network, the sea-surface wireless sub-network, and the air wireless sub-
network. Then, a novel Orthogonal Frequency Division Multiplexing (OFDM)
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autoencoder featuring CNN-based channel estimation is presented for marine com-
munications with complex and fast-changing environments. Next, the energy sus-
tainable performance of an underwater sensor network using a random-access
protocol is analytically studied, taking into consideration the stochastic nature of
energy harvesting and the unique feature of the acoustic communication channel.
Furthermore, in order to monitor the marine environment and surveil the sensor
ecosystem, an Energy-efficient Depth-based Opportunistic Routing Algorithm with
Q-learning (EDORQ)) is proposed for marine wireless sensor networks to guarantee
the energy efficiency and reliable data transmissions. Finally, we summarize the
book and outline the possible further research directions.

We would like to acknowledge with thanks Prof. Nan Wu (Dalian Maritime
University, China), Prof. Rongxi He (Dalian Maritime University, China), Prof.
Yuanguo Bi (Northeast University, China), Prof. Haibo Zhou (Nanjing University,
China), and Prof. Nan Cheng (Xidian University, China) for their valuable sugges-
tions and comments on this book. We would like to thank the helpful suggestions
made by the reviewers, including Xu Hu, Shuang Qi, Chaoyue Zhang, Haocheng
Wang, and Jiaye Li. Special thanks to the staffs at Springer Nature: Hemalatha
Velarasu and Mary E. James, for their effort and support throughout the publication
preparation process.

Dalian, China Bin Lin
Qingdao, China Jianli Duan
Chicago, IL, USA Mengqi Han

Chicago, IL, USA Lin X. Cai
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AUVs Autonomous underwater vehicles

BDS BeiDou navigation satellite system
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CNNs Convolutional neural networks
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CoEERD Cooperative effective energy and reliable delivery
COSPAS/SARSAT International satellite system for search and rescue services
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DBR Depth-based routing
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Deep learning
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Effective energy and reliable delivery
Extremely low frequency

Emergency locator transmitter

Enhanced mobile broadband
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Residual network
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Remote operated vehicles

Received signal strength

Request to send
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Special communications systems

Software defined network
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United Nations Conference on Trade and Development
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