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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
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31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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89 INTERNATIONAL ELECTROTECHNICAL COMMISSION

90

91

92 MULTI-MODAL UNDERWATER WIRELESS COMMUNICATION

93 TECHNOLOGIES — PART 1: OVERVIEW AND REQUIREMENTS

94

95

96 FOREWORD

97 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
98 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
99 international co-operation on all questions concerning standardization in the electrical and electronic fields. To
100 this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
101 Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
102 Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
103 in the subject dealt with may participate in this preparatory work. International, governmental and non-
104 governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
105 with the International Organization for Standardization (ISO) in accordance with conditions determined by
106 agreement between the two organizations.

107 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
108 consensus of opinion on the relevant subjects since each technical committee has representation from all
109 interested IEC National Committees.

110 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
111 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
112 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
113 misinterpretation by any end user.

114 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
115 transparently to the maximum extent possible in their national and regional publications. Any divergence
116 between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
117 the latter.

118 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
119 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
120 services carried out by independent certification bodies.

121 6) All users should ensure that they have the latest edition of this publication.
122 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and

123 members of its technical committees and IEC National Committees for any personal injury, property damage or
124 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
125 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
126 Publications.

127 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
128 indispensable for the correct application of this publication.

129 9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
130 patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

131 International Standard IEC XXXXX has been prepared by subcommittee XX: TITLE, of IEC
132 technical committee XX:XXX.

133 In the case of a new edition replacing a previous edition, complete the following
134 text. In the case of a first edition, delete it, as it does not apply.

135  This XXX edition cancels and replaces the XXX edition published in [publication_date],
136  Amendment 1:[publication_date] and Amendment 2:[publication_date]. This edition constitutes
137 a technical revision.

138  This edition includes the following significant technical changes with respect to the previous
139  edition:

140 &) ...

141 The text of this International Standard is based on the following documents:
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FDIS Report on voting
XXIXX/FDIS XXIXXIRVD

142 Full information on the voting for the approval of this International Standard can be found in
143 the report on voting indicated in the above table.

144 This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

145 The committee has decided that the contents of this document will remain unchanged until the
146  stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
147 the specific document. At this date, the document will be

148 e reconfirmed,

149 e withdrawn,

150 e replaced by a revised edition, or

151 e amended.

152

153 The National Committees are requested to note that for this document the stability date

154 is 20XX..

155 THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE
156 DELETED AT THE PUBLICATION STAGE.
157
158
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159 INTRODUCTION

160  In the realm of underwater exploration and communication, the quest for reliable and robust
161  data transmission is a significant challenge, mainly due to the ocean's unpredictable and
162  diverse nature. From its vast depths to the presence of diverse marine life, this environment
163  offers both opportunities and obstacles for our technological endeavors.

164 Multi-Modal Underwater Wireless Communication (MM-UWC) is a solution to the challenges
165  of underwater data transmission. It integrates various communication methods, such as
166  optical, acoustic, and magnetic induction, to ensure reliable communication in the
167 unpredictable ocean environment. MM-UWC prioritizes eco-friendly approaches like optical
168  and magnetic induction to protect marine life and incorporates Quality of Service (QoS)
169 protocols for adaptability in dynamic underwater conditions. It represents a commitment to
170 responsible exploration and technological innovation in the underwater realm.

171 In order to build and apply the MM-UWC technology, most suitable methods for managing the
172 network have been developed based on the ISO/IEC 3200 series.

173 The ISO/IEC 3200 series provides requirements, reference architecture (RA) including the
174  entity models and high-level interface guidelines supporting interoperability among MM-UWC
175  to provide the essential MM-UWC construction information to help and guide architects,
176  developers, and implementers of MM-UWC.

177 The ISO/IEC 3200 series comprises four parts as shown bellow.

178 Part 1 provides an overview and requirements of the MM-UWC.

179 Part 2 provides reference architecture models for MM-UWC.

180 Part 3 provides descriptions for the entities and interfaces of the MM-UWC.

181 Part 4 provides information on interoperability requirements among the entities within a MM-
182 UWC and among various MM-UWC.
183
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184 MULTI-MODAL UNDERWATER WIRELESS COMMUNICATION
185 TECHNOLOGIES — PART 1: OVERVIEW AND REQUIREMENTS
186

187

188 1 Scope

189  This part of ISO/IEC 00000 provides a general overview and requirements of multi-modal
190 underwater wireless communication(MM-UWC) technologies. It delineates general, functional,
191  and device-specific requirements for MM-UWC, encompassing a range of communication
192 modes including acoustic, optical, magnetic induction (MIl), and radio frequency (RF) to
193  enable data transmission under various underwater conditions. It describes their main
194  characteristics in terms of the effects of propagation variability and analyses the main
195  differences with respect to underwater wireless acoustic communication. It further identifies
196  the specificities of MM-UWC and derives some specific and general requirements for MM-
197 UWC.

198 2 Normative reference

199 The following documents are referred to in the text in such a way that some or all of their
200 content constitutes requirements of this document. For dated references, only the edition
201 cited applies. For undated references, the latest edition of the referenced document (including
202 any amendments) applies.

203 ISO/IEC 30140 Information technology — Underwater acoustic sensor network (UWASN) —
204 Part 1. Overview and requirements

205 ISO/IEC 30142 INTERNET OF THINGS — UNDERWATER ACOUSTIC SENSOR NETWORK
206 (UWASN) — Underwater Network Management System

207 ISO/IEC 18405 Underwater acoustics - Terminology
208 3 Terms and definitions
209  For the purposes of this document, the following terms and definitions apply.

210 1SO and IEC maintain terminological databases for use in standardization at the following
211  addresses:

212 IEC Electropedia: available at http://www.electropedia.org/ISO

213 e Online browsing platform: available at http://www.iso.org/obp

214 e Multi-modal underwater wireless communication (MM-UWC) : a technology that
215 adaptively selects the optimal communication medium from among various options
216 such as acoustic, visible light communication (VLC), infrared, and magnetic induction
217 (MI), depending on time-variant underwater environments and conditions.

218

219 4 Abbreviated terms

AUV Autonomous Underwater Vehicle

MI Magnetic Induction

MM Multi-Modal

QoS Quality of Service

RF Radio Frequency

ROV Remotely Operated underwater Vehicle

uuv Unmanned Underwater Vehicle Documents
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UWAC Underwater Wireless Acoustic Communication

UWMIC Underwater Wireless Magnetic Induction Communication
uwocC Underwater Wireless Optical Communication

UWRFC Underwater Wireless Radio Frequency Communication
VLC Visible Light Communication

220 5 MM-UWC overview and application

221 51 Overview

222 As the maritime industry advances, there is a growing demand for underwater communication
223 technology that can handle real-time transmission of large volumes of information, including
224  video data. This necessity is becoming increasingly critical for several reasons:

225 e Enhanced Safety and Efficiency: Real-time data transmission, including video,
226 improves safety in underwater operations. It allows remote monitoring and control of
227 equipment, ensuring quick responses to issues.

228 e Environmental Monitoring: Large data volume transmission aids oceanic
229 environmental monitoring, benefiting marine research and conservation. Real-time
230 data analysis offers rapid insights into marine ecosystem health.

231 e Scientific Research: Researchers in marine ecology and geology rely on real-time data
232 from underwater environments for their work.

233 e Industrial Applications: Industries like offshore oil and gas, aquaculture, mining, and
234 underwater cable installations require efficient underwater communication for
235 managing and optimizing operations.

236  The cornerstone of addressing these needs is Multi-modal Underwater Wireless Communication (MM-
237 UWC), a technology that employs a fusion of various communication techniques (acoustic, optical,
238 magnetic induction (MI), and radio frequency (RF) and wired communication) to facilitate data
239 transmission in underwater environments. MM-UWC leverages the unique strengths and overcomes
240  the limitations of each communication mode, dynamically selecting and combining the optimal paths
241 and methods for data transmission according to the varying underwater conditions and application
242 requirements. This approach aims to enhance the network's reliability and performance, expanding the
243  scope of applications.

244 Mission critical underwater communication technology refers to specialized communication
245 systems and technologies designed for use in critical and high-stakes applications within the
246 maritime industry. These technologies are essential for reliable and efficient communication in
247 underwater environments where standard communication methods often fail due to the
248  challenges posed by water's density, salinity, and temperature, among other factors.

249  The necessity of mission critical underwater communication technology can be summarized
250  as follows:

251 e Safety and Security: It enhances safety in offshore drilling, construction, robotics, and
252 naval operations by facilitating reliable communication in challenging underwater
253 conditions.
254 e Remote Operation: ROVs and AUVs can communicate seamlessly with operators on
255 the surface, enabling precise control and data transmission.
256 e Environmental Monitoring: Researchers can collect continuous data for oceanic
257 assessments, resource exploration, and geological studies.
258 e Industrial Operations: Industries depend on underwater infrastructure and equipment,
259 making reliable communication essential.
260 e Data Retrieval and Analysis: Large data transmission supports decision-making and
261 real-time analysis in the maritime industry.
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262 Figure 1 illustrates the fundamental topology of the mission critical MM-UWC system. This
263  figure outlines the mission critical MM-UWC system, providing a visual representation of how
264  the multi-modal communication links (MM-UWC links) integrate within various underwater
265 environments. These links represent the pathways that enable high-data-rate communication
266 between the core components of the MM-UWC Technology, Service Core, and Underwater
267 Stations. Each MM-UWC link, distinguished by color in the legend, denotes the status of the
268 node link performance, categorized as 'Real time', 'Selective-Real time', 'Non-Real time', and
269 'Error status'. This classification system is essential in enabling dynamic network adjustments
270 to maintain optimal communication amidst the challenging and diverse conditions found
271 underwater. It highlights the core components: MM-UWC Technology, Service Core, and
272 Underwater Stations. These elements are connected by MM-UWC links, enabling versatile,
273 high-data-rate communication in underwater environments. In the legend of Figure 1, ‘MM
274 Link' denotes the MM-UWC Links, referring to the essential pathways within the multi-modal
275 communication system. In underwater communication scenarios, an MM Link serves as the
276 conduit for data transmission, utilizing channels like acoustic, optical, or radio frequency
277 paths. The choice of these paths is based on their appropriateness for the prevalent
278 environmental conditions and specific communication requirements. This technology is
279 essential for several applications, including disaster response, infrastructure inspection, and
280 environmental monitoring.

281 MM-UWC is the core service infrastructure for ultimately delivering Internet of Underwater
282  Things (IoUT) services. This infrastructure provides reliable communications in the
283  underwater environment, even in critical and emergency situations, and supports real-time
284  data transmission and monitoring in a variety of applications.

285 MM-UWC revolutionizes data collection, monitoring, and decision-making in the underwater
286 environment by providing stable and reliable communication in the underwater environment.
287 This supports efficient management of underwater resources, environmental protection, safe
288 maritime activities, and scientific research. As one of the core elements of the IoUT, it
289 provides high value for modern applications in underwater environments.
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290

291 Figure 1 — Concept of Multi-Modal Underwater Wireless Communication

292 The Internet of Underwater Things (IoUT)[1] represents a dynamic ecosystem where

293 underwater sensors are interconnected with internet servers, enabling precise control and

294  data management for a wide range of applications. Due of its potential uses in numerous

295 fields, such as maritime research, environmental monitoring, offshore enterprises, tbrglsu , t

296  this novel approach has drawn considerable attention. loUT development heas ob@a ﬁen S
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the hostile underwater environment, scarce energy supplies, and the requirement for reliable
communication systems. To increase the reach and capabilities of I0UT, scientists and
engineers are constantly developing new underwater sensors, communication technologies,
and energy-efficient systems.

This 1oUT comprises three primary components: applications, communication, and sensing
devices, each contributing significantly to its functionality and versatility.

e Applications

IoUT applications encompass a broad spectrum, ranging from passive monitoring activities
to active and mission-specific endeavors. This diversity allows loUT to serve various
domains, such as marine research, environmental monitoring, offshore industry, and
underwater exploration. The ability to transition seamlessly between monitoring and
executing specific missions makes IoUT an asset in underwater operations.

In the application context, there arises a critical need for mission-critical MM-UWC. With
the help of this technology, early warning systems for disasters and tsunamis can be
established, allowing for prompt alerts and perhaps life-saving actions. MM-UWC also
plays a pivotal role in the inspection of underwater facilities, ensuring the integrity and
safety of underwater infrastructure. Furthermore, it is instrumental in the construction,
maintenance, and repair of offshore wind structures, optimizing operational efficiency.
Additionally, MM-UWC facilitates the remote control and monitoring of costly devices
submerged in aquatic environments, reducing operational risks and costs. Finally, it is
essential for determining the locations of seabed pipelines, enabling the exact and
effective installation of crucial underwater pipelines.

e Network

The network architecture in the Internet of Underwater Things (loUT) is a complex and
specialized system designed to facilitate communication and data exchange between
terrestrial and underwater components, as well as between various underwater
components. 1oUT relies on a combination of technologies and protocols tailored to the
unique challenges of underwater environments.

The communication aspect of IoUT involves the transmission of data between underwater
sensing devices and remote servers. It leverages multiple communication mediums,
including acoustics, optics, MI and RF (Radio Frequency), tailored to the unique
challenges posed by underwater environments. Given the underwater communication
characteristics in this situation, communication requires careful consideration of elements
like signal propagation, attenuation, and interference.

e Sensing Devices

The underwater sensing devices, which comprise an array of sensors designed to capture
various environmental parameters, enable the acquisition of critical data for real-time
monitoring and decision-making, making them pivotal in executing underwater missions
efficiently. The versatility of these sensors empowers loUT to adapt to a wide array of
tasks, from studying marine life behavior to supporting offshore infrastructure maintenance.

Effective communication is crucial for both autonomous underwater vehicles (AUVs) and
remotely operated vehicles (ROVs) engaged in underwater exploration and infrastructure
monitoring. AUVs, as sensor nodes, autonomously navigate predetermined or self-
determined paths, continuously gathering crucial data while maintaining a wireless
connection to the mother ship. This capability facilitates real-time monitoring of survey
progress and supports the simultaneous use of multiple AUVs for tasks such as pipeline
surveying and underwater infrastructure monitoring. On the other hand, ROVs that are
operated remotely from a mother ship and perform tasks like pipeline inspection and
infrastructure monitoring rely on a tethered link for both power and communication. To
ensure real-time monitoring and accurate remote control, high-data-rate communication is
a crucial component of both AUV and ROV operations. This ensures the efficiency and
reliability of the AUV/ROV industry.
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