
Responsible Committee Secretary: Ms Sophie Erskine (BSI)
Direct tel: 0208 996 7254
E-mail: sophie.erskine@bsigroup.com

WARNING: THIS IS A DRAFT AND MUST NOT BE REGARDED OR USED AS A BRITISH STANDARD.
THIS DRAFT IS NOT CURRENT BEYOND 5 March 2025

This draft is issued to allow comments from interested parties; all comments will be given consideration prior to publication.  No
acknowledgement will normally be sent. See overleaf for information on the submission of comments.

No copying is allowed, in any form, without prior written permission from BSI except as permitted under the Copyright, Designs
and Patent Act 1988 or for circulation within a nominating organization for briefing purposes.  Electronic circulation is limited to
dissemination by e-mail within such an organization by committee members.

Further copies of this draft may be purchased from BSI Shop http://shop.bsigroup.com
or from BSI Customer Services, Tel: +44(0) 20 8996 9001 or email cservices@bsigroup.com.
British, International and foreign standards are also available from BSI Customer Services.

Information on the co-operating organizations represented on the committees referenced above may be obtained from
http://standardsdevelopment.bsigroup.com

Latest date for receipt of comments: 5 March 2025 Project No. 2025/00464

Responsible committee: IOT/1 Internet of Things and Digital Twin

Interested committees: 

Date: 11 February 2025
Origin: International

DPC: 25 / 30510079 DC

Form 36
Draft for Public Comment

BSI Group Headquarters

389 Chiswick High Road London W4 4AL

Tel: +44 (0)20 8996 9000
Fax: +44 (0)20 8996 7400
www.bsigroup.com

 Title: BS ISO/IEC 3200-1 Internet of Things (IoT) — Multi-modal underwater wireless communication 

technologies Part 1: Overview and requirements

Please notify the secretary if you are aware of any keywords that might assist in classifying or identifying the standard or if the
content of this standard
i) has any issues related to 3rd party IPR, patent or copyright
ii) affects other national standard(s)
iii) requires additional national guidance or information

Full document details: 25/30510079 DC

http://www.avadocuments.com/doc/25-30510079-dc
http://www.avadocuments.com/doc/25-30510079-dc


Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent 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. Please indicate 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 be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.

Full document details: 25/30510079 DC

http://www.avadocuments.com/doc/25-30510079-dc
http://www.avadocuments.com/doc/25-30510079-dc


 

JTC1-SC41/493/CD 

COMMITTEE DRAFT (CD) 

 PROJECT NUMBER: 

ISO/IEC 3200-1 ED1 

 DATE OF CIRCULATION: CLOSING DATE FOR COMMENTS: 

2025-02-07 2025-04-04 

 SUPERSEDES DOCUMENTS: 

JTC1-SC41/395/NP, JTC1-SC41/421A/RVN 

 

IEC SC 41 : INTERNET OF THINGS AND DIGITAL TWIN 

SECRETARIAT: SECRETARY: 

Korea, Republic of Ms Jooran Lee 

OF INTEREST TO THE FOLLOWING COMMITTEES: HORIZONTAL FUNCTION(S): 

  

ASPECTS CONCERNED: 

 

 

This document is still under study and subject to change. It should not be used for reference purposes.  

Recipients of this document are invited to submit, with their comments, notification of any relevant patent rights of which 
they are aware and to provide supporting documentation.  

Recipients of this document are invited to submit, with their comments, notification of any local regulations or technical 
reasons that may exist and should be considered should this proposal proceed, recognizing that failure to address such 

requirements could result in the need for new or existing “In Some Countries” clauses. (SEE AC/22/2007 OR NEW 

GUIDANCE DOC). 

 

TITLE: 

Internet of Things (IoT) — Multi-modal underwater wireless communication technologies — 
Part 1: Overview and requirements 

 

NOTE FROM TC/SC OFFICERS: 

Please note that this project (standard) number was changed from ISO/IEC 63573-1 to ISO/IEC 
3200-1. 

Copyright © 2025 International Electrotechnical Commission, IEC . All rights reserved. It is permitted to download 
this electronic file, to make a copy and to print out the content for the sole purpose of preparing National Committee 
positions. You may not copy or "mirror" the file or printed version of the document, or any part of it, for any other 
purpose without permission in writing from IEC. 

Full document details: 25/30510079 DC

https://documents.iec.ch/ords/f?p=700:610:::::P610_DOCUMENT_FILE_ID:887989
https://www.iec.ch/tc-tools/grt
https://www.iec.ch/tc-tools/grt
http://www.avadocuments.com/doc/25-30510079-dc
http://www.avadocuments.com/doc/25-30510079-dc


ISO/IEC 3200-1 ED1 © ISO/IEC 2025 1 JTC1-SC41/493/CD  

CONTENTS 1 

 2 

FOREWORD ........................................................................................................................... 3 3 

INTRODUCTION ..................................................................................................................... 5 4 

1 Scope .............................................................................................................................. 6 5 

2 Normative reference ........................................................................................................ 6 6 

3 Terms and definitions ...................................................................................................... 6 7 

3.1 multi-modal underwater wireless communication (MM-UWC) : ................................ 6 8 

4 Abbreviated terms ........................................................................................................... 6 9 

5 MM-UWC overview and application.................................................................................. 7 10 

5.1 Overview ................................................................................................................ 7 11 

5.2 Application domain of MM-UWC ............................................................................ 10 12 

5.2.1 Underwater resource exploration and development  ........................................ 10 13 

5.2.2 Marine ecosystem and environmental monitoring ........................................... 10 14 

5.2.3 Marine science research ................................................................................ 10 15 

5.2.4 Mission-Critical Underwater applications ....................................................... 11 16 

5.3 Underwater Communication module: Hardware and Software Component  ............. 11 17 

5.3.1 Communication module ................................................................................. 11 18 

5.3.2 Working module ............................................................................................. 11 19 

5.3.3 Device protection module .............................................................................. 12 20 

5.3.4 Security module ............................................................................................. 12 21 

5.3.5 Other module ................................................................................................. 12 22 

6 Characteristics of MM-UWC in terms of the effects of propagation variability  ................. 13 23 

6.1 Concept of Underwater Wireless Communications ................................................ 14 24 

6.2 Underwater Wireless Optical Communication ........................................................ 14 25 

6.2.1 Channel Characteristics ................................................................................. 14 26 

6.2.2 Important factors that affect the UWOC ......................................................... 15 27 

6.2.3 Propagation loss ............................................................................................ 16 28 

6.2.4 Link configuration of UWOC........................................................................... 16 29 

6.2.5 Modulation techniques ................................................................................... 17 30 

6.3 Underwater Wireless RF Communication .............................................................. 18 31 

6.3.1 Multipath ....................................................................................................... 18 32 

6.3.2 Signal delay ................................................................................................... 18 33 

6.3.3 Diversity techniques ...................................................................................... 18 34 

6.3.4 Propagation loss ............................................................................................ 18 35 

6.4 Underwater Wireless MI Communication ............................................................... 19 36 

6.4.1 Characteristic of technology .......................................................................... 19 37 

6.4.2 Technology classification ............................................................................... 19 38 

6.4.3 Propagation loss ............................................................................................ 19 39 

6.5 Underwater Wireless Acoustic Communication ...................................................... 20 40 

6.5.1 Acoustic signal strength attenuation .............................................................. 20 41 

6.5.2 High propagation delay .................................................................................. 21 42 

6.5.3 Multipath ....................................................................................................... 21 43 

6.5.4 Propagation loss ............................................................................................ 21 44 

6.5.5 Noise ............................................................................................................. 22 45 

7 Differentiators between MM-UWC and UWAC ................................................................ 22 46 

7.1 Multi-modal based communication reliability  ......................................................... 22 47 

Full document details: 25/30510079 DC

http://www.avadocuments.com/doc/25-30510079-dc
http://www.avadocuments.com/doc/25-30510079-dc


JTC1-SC43/493/CD 2 ISO/IEC 3200-1 ED1 © ISO/IEC 2025 

7.1.1 High data rate reliability application(Critical mission application)  ................... 23 48 

7.1.2 Multi-mode medium ....................................................................................... 23 49 

7.1.3 Physical Constraint ........................................................................................ 24 50 

7.1.4 Core communication ...................................................................................... 24 51 

7.1.5 Network connectivity and Convergence in Underwater Communication  .......... 25 52 

7.1.6 Cross-layer adaptation in service structures .................................................. 25 53 

7.2 Multi-hop Optical Communication in Underwater network  ...................................... 26 54 

7.3 Eco-friendly communication .................................................................................. 26 55 

8 Specificities of MM-UWC and related requirements ....................................................... 27 56 

8.1 System perspective ............................................................................................... 27 57 

8.1.1 QoS requirement ........................................................................................... 27 58 

8.1.2 Mission critical ............................................................................................... 28 59 

8.1.3 Heterogeneity ................................................................................................ 28 60 

8.1.4 Dynamic channel selection ............................................................................ 28 61 

8.1.5 Functional requirements ................................................................................ 28 62 

8.1.6 Performance requirements ............................................................................. 29 63 

8.2 Network perspective ............................................................................................. 29 64 

8.2.1 Routing .......................................................................................................... 29 65 

8.2.2 Medium access control(MAC) ........................................................................ 30 66 

8.2.3 Cross layer adaption ...................................................................................... 30 67 

8.2.4 Handover ....................................................................................................... 31 68 

8.2.5 Security ......................................................................................................... 32 69 

8.2.6 Robustness ................................................................................................... 32 70 

8.2.7 Distributed network management ................................................................... 33 71 

8.3 Device perspective ............................................................................................... 33 72 

8.3.1 Power consumption ....................................................................................... 33 73 

8.3.2 Multi-medium ................................................................................................. 33 74 

8.3.3 Size and weight ............................................................................................. 33 75 

8.3.4 Durability ....................................................................................................... 33 76 

8.3.5 Performance .................................................................................................. 34 77 

8.4 Sensor network perspective .................................................................................. 34 78 

8.4.1 Deployment ................................................................................................... 34 79 

8.4.2 Scalability ...................................................................................................... 34 80 

8.4.3 Fault efficiency .............................................................................................. 34 81 

8.4.4 Energy efficiency ........................................................................................... 34 82 

8.4.5 Environmental sensors .................................................................................. 34 83 

Bibliography .......................................................................................................................... 35 84 

 85 

 86 

 87 

  88 

Full document details: 25/30510079 DC

http://www.avadocuments.com/doc/25-30510079-dc
http://www.avadocuments.com/doc/25-30510079-dc


ISO/IEC 3200-1 ED1 © ISO/IEC 2025 3 JTC1-SC41/493/CD  

INTERNATIONAL ELECTROTECHNICAL COMMISSION 89 

____________ 90 

 91 

MULTI-MODAL UNDERWATER WIRELESS COMMUNICATION 92 

TECHNOLOGIES — PART 1: OVERVIEW AND REQUIREMENTS 93 

 94 

 95 

FOREWORD 96 

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

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

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

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

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

6) All users should ensure that they have the latest edition of this publication.  121 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 122 
members of its technical committees and IEC National Committees for any personal injury, property damage or 123 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 124 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 125 
Publications.  126 

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

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

International Standard IEC XXXXX has been prepared by subcommittee XX: TITLE, of IEC 131 

technical committee XX:XXX. 132 

In the case of a new edition replacing a previous edition , complete the following 133 

text. In the case of a first edition, delete it, as it does not apply. 134 

This XXX edition cancels and replaces the XXX edition published in [publication_date], 135 

Amendment 1:[publication_date] and Amendment 2:[publication_date]. This edition constitutes 136 

a technical revision.  137 

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

edition: 139 

a) ...; 140 

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

XX/XX/FDIS XX/XX/RVD 

Full information on the voting for the approval of this International Standard can be found in 142 

the report on voting indicated in the above table.  143 

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

The committee has decided that the contents of this document will remain unchanged until the 145 

stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 146 

the specific document. At this date, the document will be  147 

• reconfirmed, 148 

• withdrawn, 149 

• replaced by a revised edition, or 150 

• amended. 151 

 152 

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

is 20XX.. 154 

THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE 155 

DELETED AT THE PUBLICATION STAGE. 156 

 157 

  158 
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INTRODUCTION 159 

In the realm of underwater exploration and communication, the quest for reliable and robust 160 

data transmission is a significant challenge, mainly due to the ocean's unpredictable and 161 

diverse nature. From its vast depths to the presence of diverse marine life, this environment 162 

offers both opportunities and obstacles for our technological endeavors.  163 

Multi-Modal Underwater Wireless Communication (MM-UWC) is a solution to the challenges 164 

of underwater data transmission. It integrates various communication methods, such as 165 

optical, acoustic, and magnetic induction, to ensure reliable communication in the 166 

unpredictable ocean environment. MM-UWC prioritizes eco-friendly approaches like optical 167 

and magnetic induction to protect marine life and incorporates Quality of Service (QoS) 168 

protocols for adaptability in dynamic underwater conditions. It represents a commitment to 169 

responsible exploration and technological innovation in the underwater realm.  170 

In order to build and apply the MM-UWC technology, most suitable methods for managing the 171 

network have been developed based on the ISO/IEC 3200 series. 172 

The ISO/IEC 3200 series provides requirements, reference architecture (RA) including the 173 

entity models and high-level interface guidelines supporting interoperability among MM-UWC 174 

to provide the essential MM-UWC construction information to help and guide architects, 175 

developers, and implementers of MM-UWC. 176 

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

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

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

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

Part 4 provides information on interoperability requirements among the entities within a MM-181 

UWC and among various MM-UWC. 182 

  183 
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MULTI-MODAL UNDERWATER WIRELESS COMMUNICATION 184 

TECHNOLOGIES — PART 1: OVERVIEW AND REQUIREMENTS 185 

 186 

 187 

1 Scope 188 

This part of ISO/IEC 00000 provides a general overview and requirements of multi-modal 189 

underwater wireless communication(MM-UWC) technologies. It delineates general, functional, 190 

and device-specific requirements for MM-UWC, encompassing a range of communication 191 

modes including acoustic, optical, magnetic induction (MI), and radio frequency (RF) to 192 

enable data transmission under various underwater conditions. It describes their main 193 

characteristics in terms of the effects of propagation variability and analyses the main 194 

differences with respect to underwater wireless acoustic communication. It further identifies 195 

the specificities of MM-UWC and derives some specific and general requirements for MM-196 

UWC. 197 

2 Normative reference 198 

The following documents are referred to in the text in such a way that some or all of their 199 

content constitutes requirements of this document. For dated references, only the edition 200 

cited applies. For undated references, the latest edition of the referenced document (including 201 

any amendments) applies. 202 

ISO/IEC 30140 Information technology – Underwater acoustic sensor network (UWASN) – 203 

Part 1: Overview and requirements 204 

ISO/IEC 30142 INTERNET OF THINGS – UNDERWATER ACOUSTIC SENSOR NETWORK 205 

(UWASN) – Underwater Network Management System 206 

ISO/IEC 18405 Underwater acoustics - Terminology 207 

3 Terms and definitions 208 

For the purposes of this document, the following terms and definitions apply.  209 

ISO and IEC maintain terminological databases for use in standardization at the following 210 

addresses:  211 

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

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

• Multi-modal underwater wireless communication (MM-UWC) : a technology that 214 

adaptively selects the optimal communication medium from among various options 215 

such as acoustic, visible light communication (VLC), infrared, and magnetic induction 216 

(MI), depending on time-variant underwater environments and conditions.  217 

 218 

4 Abbreviated terms 219 

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 
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UWAC Underwater Wireless Acoustic Communication 

UWMIC Underwater Wireless Magnetic Induction Communication 

UWOC Underwater Wireless Optical Communication 

UWRFC Underwater Wireless Radio Frequency Communication 

VLC Visible Light Communication 

5 MM-UWC overview and application 220 

5.1 Overview 221 

As the maritime industry advances, there is a growing demand for underwater communication 222 

technology that can handle real-time transmission of large volumes of information, including 223 

video data. This necessity is becoming increasingly critical for several reasons:  224 

• Enhanced Safety and Efficiency: Real-time data transmission, including video, 225 

improves safety in underwater operations. It allows remote monitoring and control of 226 

equipment, ensuring quick responses to issues.  227 

• Environmental Monitoring: Large data volume transmission aids oceanic 228 

environmental monitoring, benefiting marine research and conservation. Real -time 229 

data analysis offers rapid insights into marine ecosystem health.  230 

• Scientific Research: Researchers in marine ecology and geology rely on real -time data 231 

from underwater environments for their work.  232 

• Industrial Applications: Industries like offshore oil and gas, aquaculture, mining, and 233 

underwater cable installations require efficient underwater communication for 234 

managing and optimizing operations. 235 

The cornerstone of addressing these needs is Multi-modal Underwater Wireless Communication (MM-236 

UWC), a technology that employs a fusion of various communication techniques (acoustic, optical, 237 

magnetic induction (MI), and radio frequency (RF) and wired communication) to facilitate data 238 

transmission in underwater environments. MM-UWC leverages the unique strengths and overcomes 239 

the limitations of each communication mode, dynamically selecting and combining the optimal paths 240 

and methods for data transmission according to the varying underwater conditions and application 241 

requirements. This approach aims to enhance the network's reliability and performance, expanding the 242 

scope of applications.  243 

Mission critical underwater communication technology refers to specialized communication 244 

systems and technologies designed for use in critical and high-stakes applications within the 245 

maritime industry. These technologies are essential for reliable and efficient communication in 246 

underwater environments where standard communication methods often fail due to the 247 

challenges posed by water's density, salinity, and temperature, among other factors.  248 

The necessity of mission critical underwater communication technology can be summarized 249 

as follows: 250 

• Safety and Security: It enhances safety in offshore drilling, construction, robotics, and 251 

naval operations by facilitating reliable communication in challenging underwater 252 

conditions. 253 

• Remote Operation: ROVs and AUVs can communicate seamlessly with operators on 254 

the surface, enabling precise control and data transmission.  255 

• Environmental Monitoring: Researchers can collect continuous data for oceanic 256 

assessments, resource exploration, and geological studies.  257 

• Industrial Operations: Industries depend on underwater infrastructure and equipment, 258 

making reliable communication essential.  259 

• Data Retrieval and Analysis: Large data transmission supports decision -making and 260 

real-time analysis in the maritime industry.  261 
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Figure 1 illustrates the fundamental topology of the mission critical MM-UWC system. This 262 

figure outlines the mission critical MM-UWC system, providing a visual representation of how 263 

the multi-modal communication links (MM-UWC links) integrate within various underwater 264 

environments. These links represent the pathways that enable high-data-rate communication 265 

between the core components of the MM-UWC Technology, Service Core, and Underwater 266 

Stations. Each MM-UWC link, distinguished by color in the legend, denotes the status of the 267 

node link performance, categorized as 'Real time', 'Selective-Real time', 'Non-Real time', and 268 

'Error status'. This classification system is essential in enabling dynamic network adjustments 269 

to maintain optimal communication amidst the challenging and diverse conditions found 270 

underwater. It highlights the core components: MM-UWC Technology, Service Core, and 271 

Underwater Stations. These elements are connected by MM-UWC links, enabling versatile, 272 

high-data-rate communication in underwater environments. In the legend of Figure 1, 'MM 273 

Link' denotes the MM-UWC Links, referring to the essential pathways within the multi -modal 274 

communication system. In underwater communication scenarios, an MM Link serves as the 275 

conduit for data transmission, utilizing channels like acoustic, optical, or radio frequency 276 

paths. The choice of these paths is based on their appropriateness for the prevalent 277 

environmental conditions and specific communication requirements.  This technology is 278 

essential for several applications, including disaster response, infrastructure inspection, and 279 

environmental monitoring. 280 

MM-UWC is the core service infrastructure for ultimately delivering Internet of Underwater 281 

Things (IoUT) services. This infrastructure provides reliable communications in the 282 

underwater environment, even in critical and emergency situations, and supports real -time 283 

data transmission and monitoring in a variety of applications.  284 

MM-UWC revolutionizes data collection, monitoring, and decision-making in the underwater 285 

environment by providing stable and reliable communication in the underwater environment. 286 

This supports efficient management of underwater resources, environmental protection, safe 287 

maritime activities, and scientific research. As one of the core elements of the IoUT, it 288 

provides high value for modern applications in underwater environments.  289 

 290 

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

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

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

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

fields, such as maritime research, environmental monitoring, offshore enterprises, and military, 295 

this novel approach has drawn considerable attention. IoUT development has obstacles like 296 
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the hostile underwater environment, scarce energy supplies, and the requirement for reliable 297 

communication systems. To increase the reach and capabilities of IoUT, scientists and 298 

engineers are constantly developing new underwater sensors, communication technologies, 299 

and energy-efficient systems. 300 

This IoUT comprises three primary components: applications, communication, and sensing 301 

devices, each contributing significantly to its functionality and versatility.  302 

• Applications 303 

IoUT applications encompass a broad spectrum, ranging from passive monitoring activities 304 

to active and mission-specific endeavors. This diversity allows IoUT to serve various 305 

domains, such as marine research, environmental monitoring, offshore industry, and 306 

underwater exploration. The ability to transition seamlessly between monitoring and 307 

executing specific missions makes IoUT an asset in underwater operations.  308 

In the application context, there arises a critical need for mission-critical MM-UWC. With 309 

the help of this technology, early warning systems for disasters and tsunamis can be 310 

established, allowing for prompt alerts and perhaps life-saving actions. MM-UWC also 311 

plays a pivotal role in the inspection of underwater facilities, ensuring the integrity and 312 

safety of underwater infrastructure. Furthermore, it is instrumental in the construction, 313 

maintenance, and repair of offshore wind structures, optimizing operational efficiency. 314 

Additionally, MM-UWC facilitates the remote control and monitoring of costly devices 315 

submerged in aquatic environments, reducing operational risks and costs. Finally, it is 316 

essential for determining the locations of seabed pipelines, enabling the exact and 317 

effective installation of crucial underwater pipelines.  318 

• Network 319 

The network architecture in the Internet of Underwater Things (IoUT) is a complex and 320 

specialized system designed to facilitate communication and data exchange between 321 

terrestrial and underwater components, as well as between various underwater 322 

components. IoUT relies on a combination of technologies and protocols tailored to the 323 

unique challenges of underwater environments.  324 

The communication aspect of IoUT involves the transmission of data between underwater 325 

sensing devices and remote servers. It leverages multiple communication mediums, 326 

including acoustics, optics, MI and RF (Radio Frequency), tailored to the unique 327 

challenges posed by underwater environments. Given the underwater communication 328 

characteristics in this situation, communication requires careful consideration of elements 329 

like signal propagation, attenuation, and interference.  330 

• Sensing Devices 331 

The underwater sensing devices, which comprise an array of sensors designed to capture 332 

various environmental parameters, enable the acquisition of critical data for real-time 333 

monitoring and decision-making, making them pivotal in executing underwater missions 334 

efficiently. The versatility of these sensors empowers IoUT to adapt to a wide array of 335 

tasks, from studying marine life behavior to supporting offshore infrastructure maintenance.  336 

Effective communication is crucial for both autonomous underwater vehicles (AUVs) and 337 

remotely operated vehicles (ROVs) engaged in underwater exploration and infrastructure 338 

monitoring. AUVs, as sensor nodes, autonomously navigate predetermined or self -339 

determined paths, continuously gathering crucial data while maintaining a wireless 340 

connection to the mother ship. This capability facilitates real -time monitoring of survey 341 

progress and supports the simultaneous use of multiple AUVs for tasks such as pipeline 342 

surveying and underwater infrastructure monitoring. On the other hand, ROVs that are 343 

operated remotely from a mother ship and perform tasks like pipeline inspection and 344 

infrastructure monitoring rely on a tethered link for both power and communication. To 345 

ensure real-time monitoring and accurate remote control, high-data-rate communication is 346 

a crucial component of both AUV and ROV operations. This ensures the efficiency and 347 

reliability of the AUV/ROV industry. 348 
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